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SUMMARY

The First Conference on the Environmental Effects of Explosives
and Explosions, which was held on 30-31 May, 1973, took place when
the general field of study of eavironmental and ecological problems
related to the manufacture and use of explcsives was relatively new
but was developing rapidly. A broad range of topics was covered,
including the effects of the underground nuclear. tests in the Aleutian
Islands arl the environmental impact of the Deep Weter Dumping of
munitions,

The talks at the Becond Conferetice, which are presented in this
report, placed greater stress on current problems that are more routine
in nature but possibly of greater importance because the low-level
effects of explosive manufactive and testing on the environment will
require investigation and monitoring as long a8 such work continues.

The pepers presented here are summaries of the talks, together
vith prints of the important slides. In pome cases, only an abstract
is available,

The preparation of this report was supported by the Naval Sea
Systems Command as part of the Ordnance Pollution Abatement Block

Program 62T65N SF57-572-191.
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The purpose of the briefing is to acquaint you with DARCOM's
R&D Environmental Quality Program. DARCOM is responsible for materiel
acquisition for DA which includes manufacture, test, use, dispusal
and pollution abatement aspects associated with these operatinns.

Our objective is to comply with the several environmenta. ifaws -
and regulations. With regard to water pollution abatement, DARCOM will
use existing off-the-shelf or modified techniques to meet 1977 require-
ments. Qur R&D Program has milestones to meet the 1983 requirement.
With regard to air and solids poliution abatement, these requirements
are handled on a case-by-case basis and for each site.

Our program is limited at this time to 6.2 funds although our
Lead Laboratory charter includes 6.1 and 6.3 program activity. Our
milestones call for completion of the 6.2 effort for our on-going work
units by 1980. At that time, pilot studies will be done with manufacturing
technology funds and the optimum approach will be selected for final in-
corpgoration into the -operation.

'‘DARCOM's policy and first priority is to eliminate pollution at
the source by either recy¢iing, recovering waste products or redesign
of the process. If this is not feasible, we will then treat the waste
and control the discharge to within environmental standards.

The DARCOM R&D Environmental Quality Program is built around the
Lead Laboratory concept. This concept means that technical personnel
contribute to management decisions by recommending which work units should
be supported, at what level, priorities of work, direction of program, etc.

We have a technical advisory board which is comprised of DARCOM
organizations participating in the studies and two outside consultants,
It has been most effective in providing guidance to meet DARCOM pollu-
tion abatement objectives,

The overall program is organized by priorities and .echnology thrust
areas. The first technology area, elimination, refers o recycle, recover
or redesign of the process and is our first priority.

The second area, reduction, refers to physical, chemical or biological
treatment to reduce pollution concentrations to acceptable levels.

The third area; control, refers to characte51z1ng and monitoring the
effluent to verify the treatment procedures.

-
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OQur first priority is munition waste elimination studies. We have
two studies in this area.

1. Self-contained selliting - The current sodium sulfite process
for purification of TNT creates a multitude of pollutants. The Red Water
is currently evaporated to 60% concentration and sold. This is energy con~
suming and 1f the market is ever terminated, the army would have a volumi-
nous amount of pollutants to dispose of.

We are studying the use of ammonium sulfite andmagnesium sultite
as alternatives to the current process. Both techniques can be at Teast
partially recycled and any residual pollutants can be more easily disposed
of. With regard to the M.S0, technique, which is the most promising, the
Mg0 can be recycled. Alsg. a market exists for residual MgS0, as a
fertilizer supplement; thus this presents the possibility tha% at certain
production levels, ralcination back to the oxide might not be necessary.

2. Isotrioil Recovery - This process is not currently in use because
the waste products, called isotrioil, are too formidable. If abatement
techniques can be demonstrated, then this would become a viable alter-
native to the current production process.

3. Liquid Crystal Test for Brass Cartridge Cases ~ The current
quality convrol test using mercury fs polluting due to vapors and spilis.
We propose to use liquid crystals on a darkened cartridge case. We
heat the case which is immersed in a cholesteric liquid crystal. The
Temperature gradient across a cracked surface will be displayed by a
change in color. This work should be completed this year.

Our second priority 1s Munition Waste Reduction Studies. We have
several studies ongoing in this area,

1. Biodegradation of Nitroglycerine - Bio pilot plant studies at
RAAP are for single base propellants and pretreated NG.

An activated sludge system was found to be unstable due to the type
of waste composition and loading rates. A rotating bio disc system was
found stable with BOD and COD concentrations (400mg/1) being removed at
94 and 85% respectively and therefore acceptable (11 mg/1 BOD; 58 mg/1 COD).

An aerated waste stabil{zation (dispersed growth) system is also
highly efficient and could be an alternative at RAAP.

2. Fluidized Bed Denitrification - The purpose of this work unit is
to comparé three systems for blodenitrification of high nitrate wastes
(a) Fluidized bed (b) Stirred or mixed vessel (c) Fixed bed.
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The stirred vessel system is the easiest to maintain, most stable and
most efficient to operate but has the disadvantage of a longer detention
time (10 fold) for reaction. It is 99.6% efficient in 36 hours vs 3 hours

for other two systems. It is also less demanding in energy and less hard-
ware needed.

The work will continue at least for this year because recent labora-
tory findings show that stability and efficiency can be improved for the
fluidized bed by altering its design.

3. Carbon Energy for Biodenitrification - This work should provide
ah economic carbon gourse for biodenitrification processes. It will re-
place the use of expensive methanol. The use of sewage sludge for a
carbon supplement was shown to be unfeasiblie since 27-30 pounds of sludge
is needed to equal one pound of methanol. Waste dairy wheys are now being
studied for their applicability.

4. Bioconversion of Waste Discharge - This is a new start for FY77.
For the NG and single base propellant waste streams at RAAP, there are
many compounds not intended for biotreatment such as TNT, DNT, RDX, HMEK,
waxes, phenols plasticizers, trinitroresorcinol, etc., They enter the
bioplant, nevertheless. We need to know what bioconversion takes place,

if any, what intermediates are formed and what are the consequent hazards
from the byproducts.

5. Biodegradability ot RDX/HMX -« Here we want to determine the
biodegradation, if any, of RDX and HMX, This is an adjunct to the Navy
studies and is an attempt to determine conclusively, that the explosive
indeed undergoes complete biodegradation, The presence of tagged C-14
in cellular or metabolic protein, 1ipid or carbohydrate fractions would
indicate that ultimate biodegradation has occurred. Absence of C-14
would of course indicate no or incomplete biodegradation.

6. Toxicant Build-up in Sludge - If we go to the biodegradation system,

as it appears we will, for RAAP, we need to know what other pollutants,
other than those we are treating, could kill the microorganisms and shut
down the system. This 1s a correlary to the bioconversion work where we
determine 1f new toxicants are created as a result of the bio process.

The work will study changes in microbial population and the usual BOD, COD,

58, and TcCC.

7. Carbon Regeneration - The purpose of this work is to determine
the mechanism whereby TNT and RDX are adsorbed on activated carbon and to
apply this understanding to the development of a carbon regeneration pro-
cuss, The development of an effective and econumically feasible re-
generation process is being pursued by three methods (a) removal of

rr.
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irreversibly adsorbed derivatives of TNT by chemical reaction (b)
Identification of the nature of the surface sites which leads to chem-
ical interaction with TNT and (c) pre-treatment of the charcoal
surface or TNT to prevent the formation of the TNT/surface complex.

8. Economic Analysis of Resin vs Carbon- There are confiicting reports,
about the technical feasibility and costs associated with the use of
resin or carbon or both in series for the treatment of energetic material.
The purpose here 1s to do a paper study of all the claims and determine
which technique, i.e., resin o carbon, or combination of techniques
would be the optimum system for a munition waste streams.

9. Physical Treatment Systems - Various physical-chemical processes
have been studied for the separation of nitro cellulose from wastewater.
These include: (a) coagulation filtration (b) pre-coat filtration
and (c) convention multimedia filtration. In the first process, we
add a cationic polyelectrolyte to water and then filter the waste. In
the second technique, pre-coat, the filter is coated with a cationic
polyelectrolyte. Unfortunately, neither of these two techniques were
effective. Therefore, the third method, multimedia filtration was
emplaoyed, 1.e., mix, flocculate and settle out the solids and filter
the supernatant. This technique resulted in a 94 + % turbidity re-
moval and a 46% COD removal. 1t also has application for the alcohol
rectification and metal finishing operations.

10. Foam Separation - The purpose of this work 1s to remove TNT and its
photodecomposition products from aquecus solutions by the addition of
surfactants. The TNT is actually precipitated out rather than the
expected collection at the gas-liquid interface and forming a foam.

We hope to recycle the sufactant but this has not been successful yet.

In order to measure the extent of removal, pink water containing
C-14 TNT was used. The radioactive pink water was reacted with the
surfactant and the supernatant was counted for residual radioactivity
with very 1ittle found. Thus, neither TNT nor derivatives remain in
solution after reacting with the surfactant.

Our third priority is:

1. Characterization

The purpose of this work is to establish methods of analysis
optimizing accuracy, precision and sensitivity for the characterization

of explosives, byproducts and other related pollutants in air and wastes
effluents generated at AAP's,

We begun our study at Volunteer AAP uéing their wastewater.
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2. Instrumentation

We are now field testing a differentiating nitric and sulfuric acid
ambient and stack monitor. The sensitivity is in ppm or less. Ue are
also developing a conductivity, organic nitrate and total organic carbon
-contoc- monitor for AAP effluents. last we are seeking new monitoring
concepts to meet the very low proposed standards generated by 0OTSG for
TNT, RDX/HMX, DNT, WP, Pink Water,

3. Correlation of BOD, COD and TOC

The purpose of this work is twofold (a) ODetermine the oxygen demand
from energetic waste streams and (b) Recommend to EPA the appropriate
oxygen demand parameters to be incorporated in effluent guldelines for AAP's.

We have currently analyzed COD values with lTaboratory samples con-
taining pure energetics. The BOD analysis has encountered difficulties
due to the bio-tuxic nature of energetic materials. Acclimated seed
materials are being developed which will be resistant to the energatic
wastes. TOC work is about to start.

4. Ecological Surveys

The Army Surgeon General has developed interim environmental standards
for several military unique poliutants. But they can't afford to develop
standards for all the pollutants which are discharged from AAP's., This
work fills in that void. It generally analyzes the ecosystem around the
AAP to determine its current condition and after poliution abatement
measures are incorporated, the degree and rate of recovery. Aquatic
vertebrates and invertebrates are analyzed along with species number, ‘
type and diversity, _

In summary, DARCOM:is involved with solving pollution problems
associated with the manufacture and LAP of energetic material. We have
not been involved {n demiliiarization and reclamation of energetic material
from unserviceable munitions. We have relied on the Navy for thig evfort,
We seek your advice regarding what role you see us playing, 1f any, in
your demil program.
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MAMMALYAN TOXIGOLOGICAL EVALUATTION CF WASTEWATERS
RESULTING FROM THE MANUFACTURE CF PRIMERSﬂj
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Danny Os. Helton and Harry V. Ellis, IIX
Midwest Research Institute
Kausas City, MO 64110

. Introduetion
. Chemical charactérization and animal toxicity studies om £ive
desensitized pr*mers, four wastewatery from primer production and one du-'

; - sensitization "Blank" were performed. These samples wered

|
| Nunber - Rame
| ; ' . .
‘ i 1 Desensitized Pure Tetrs .ene
: | 2 Desensitized Pure Lasad Styphnate
} i 3 Desensitized Primer Mixture FA 956
i 4 Desensitized Pure PETN (pentaerythritol
l tetranitrate) .
5 Desensitized Pure Trinitruresorcinol:
' (INR)
6 Desenaitization Blank
7 Tetrazene Wastewater :
8 Primer Mixture FA 956 Wastewater
! 9 Lead Styphnate Wastewater
| 10 TNR Wastewatat

i . The wastewaters were from Lake City Army Ammunition Plaut,
|

B Indepondcnce, Misgouri. Desansitizod samplas of puré primers were ine

cluded to help decide whether observed toxicity was due to primer de-
sensitization products or other products in the waste stream such as

primer synthesis intermediates. Samples 2, 3, 4, 5, 6, 8, 9 and 10

g/ This work was sd;;;rted by the UeSe Army Medical Bloenginewring Re=
search and Development Command, Washingrom, D@, 20314, undac Qon=
tract Nos DAMD=17<74<4073.
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r*ﬁ 1 ware desensitized by adding atowmized aluminum, adjusting pH to about 13
N
{ with sodium hydroxide pellets, and heating to about 90°C with steam for

an hour. Samples 1 and 7 were desensitized by heating to about 90° for

1 hour.

Chepizal Charactepization
Ae mm

i

Tﬁe high-prussure liquid chromatographic conditions ware: Ine

strument -Waters Associates Model 220, Detector=Schoeffel 770 variabls wave-

1 ngth, columm 2 ft x 1/8 in.

Porasil AX, Solvent: (a) linear program 100% CH3CN to 60% H20

in 30 min with Jetector at 254 nmj and (b) isocratic 3% H90 in CH3CN with

a— -

) _ detector at 235 nm.

: : The gas chrmcogrnbh conditions wera: Instrument =~ Bendix 2500
| with flame ionization detactor, colum 6 fr x 1/4 ine with: (a) 3% OV-1
o on Gas Chrom Q; and (b) 5% OV«~17 on Anskrom uﬁs. flow rate = 50 cc Nz/min,
J, column T° to 130°, Injection 'r°_t:o 200°, Detector T to 200°,

B Besults

; _. 1\, - High-pressure liquid chrén’h_:oguphy and thin«layer chromatography
B (Tabla 1) were most uu{ui in characterizing the oj:gmic.eonpwndl present

in the vdrioun‘dmpln'. Gomp Lex chroﬁ@to.rnphic patterns ware observed in

most cases. GAi éhrmv:oguphf' was uaeful ohly in assaying for pantaeryth=

ritol tetranitrates The original organic compounds (ieee, primers) vers

' present in trace nuuﬁtlt:iu or antirely ubsent from Samples 1,2, 3, 6, 7»

e
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 TABLE 1

THIN-LAYER CHRUMATOGRAPHY SYSTEMS

Silica gal F-254
Silica gel F-254
Callulose F-254

Silica gel F-254
Silica gel F=254
Silica gel F-254

Silica gel F-254
Silica gel F-254
$ilica gel F-254
Silica gel F-254

Silica gal F=-234

 Silica gel F-254

Silica gal F-234

a/ UV light-234 nm
b/ Nivhydrin spray.
g/A»g;;dﬁphgnylantnn-;p,qthnuol~p1u- 360 nm light for 5 min,

Solvent
95% Ethanol/cona. NH,OH (4:1y

Acatbne saturated with
ammonium acetate
95% Ethanoi/cona. NH, CH (4:1)

Acaetones saturated with
ammonium acatate
Cyclohexane/Acetone (1:1)

‘Cyclohexane/Acatone (1:1)

Acetone saturated with
apmonium acetate

_ Acetiine saturated with
ammonium acetste

95% Ethanol/éoﬁc. NH, OH (4:1).

Methanol chloreoform (l:1)

Acetone saturated with
amoonium acatate

Acatone saturated with
ammounium acetats

Acatone saturated with
amtionium acatata

Visualization

Agent

a,b |

#,0¢
‘,G

a,c

P
ab
a,b

a,b

a,b

" o



B

e A

- ...* __A__

e o s S

TR TR e

R TN TR

- f‘_.

NSWC/WOL/TR TT-36

8, 9 and 10. PEIN was found in the precipitates of Sample 3 (< 0.l% by dry
weight) and Sample ¢ (12% by dry waight).

The metal content of the lesd styphnate and FA 956 mixture sam-
plas was dcr.,qmincd by atomic absorption vnnd is given in Table 2. S.dy
of the water drainaga system of Luﬁn City AAP suggests the solutions of all
somples will be diluted by a fﬁccor of about 1,000 before leaving the plant
boundary. |

Three lots of tetrazens wastes (Nos 7) weve raceivede Tho first
lot was not used due to a vcr‘y low dissolved solids content., Whan toxicity
duta indicated the ;ccond lo:t; of tetrazens wustewatar to have significant
toxicity, the t:hﬁ.-d 10: walnlf-.;_p‘nctionltcd by silica gel column chromatog-
raphy to glivo purifisd smpiu for t:.oxi:eit:y tests. Two compounds were iso-
lated in sufficient _concnncr..'nci.on for goxieity tests. Infrared spactra in-
dicated ¢ne o_t‘-:.chc: culﬁ‘pour.xldl (Fraction 47«35L) contains an azide group
while the otha‘r (rfaacibn.n-ﬁal.) iu.d no:‘,,‘howwcr. both were toxic to ani=
malss One of r.hn- minor Sractionated components was found to be explosive

when scratched with a matal spatula.

TexASAty. Tasting
Ao Hanbeds

The vsrious waterisls were neutralized with acetic scid or sodium

hydroxide and eveporated to about 100 mg/ml. The acute toxicity of these |

extracts to laboratory animals was then determined using standard methods.

1
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TABLE 2
METAL CONTENT
Samele 2 . . . o Sample 3
% in - %in % in s % in
uggrnatgg Prgcigiﬁltg Suggtngeagt Precipitate
0.0049 . - 39.4 . - - 0,003 9.3

N

0.00002 1,('g56.0096 S, 0.026  0.43

< 0.0002% S 0,04 . 0,003 9.45
o 3,38 S 24,8
% iq DR N % in

isnazalsans Exasiaas.&s . Homoganious Sample
0.0025. Tea 0. oovs
~0.0007 :<,:* B };.ss - , 0.0002
0.003 " BT I 0.0005

0.08 512 | 0.09
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The primary skin and eye irritation weve determined with the
Draize procedure.l-/ using six white New Zealand rabbits par compounds The
lethality after a single oral dose was determined in male and female rats
(Albino Rats, CD Strain) and male mice (Albino Swiss Mice, CD=l Strain,
Charles River Laboratories). Animals were observed for 14 days and the
median lethal dose (LDsg) calculated, on the basis of solids content, by
the probit method. The maximum dose used was 5 g/kg (50 ml/kg), since
larger volumes might cause I:omaqh ruptures

B. Resulse

Results of the irritation tests are shown in Table 3. Desensi-
tiszed pure tetrasens was mildly irritating to skin; all other samples non«
irritating to skin and aeyes.

Madian lathal doses of the various materials ars shown in Table
4s The desensitized pure tetrazens and primer mixture PA 936 were moder-
ately toxic to rats, but nbncoxic to mice at the highest dose tested. All
animals diod aither on the first day after dosing, with no remarkable symp-
toms, or survivad the entire holding period. Thare was insufficient desen«
sitised tetrazene vastewater s0lids from the firsc lot to parmit sny test-
inge The second lot yialded enough for an estimated LDsp in female rats
similar to that of the pure tetrazens, However, the third lot was an order
of magritude more toxic, with LDsg's ranging from 0.3 to 0.8 g/kg in rats
and mices Differences between the sexes of mice were not significant, but
the preparation was ub:c toxic to female vats than to male rats or mice.
This presumably r-!ioce. Imown untnboiic differences between tha sexas in

laboratory rats.

16
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10

Desensitized Pure Tetrazens
Desansitized Pure Lead Styphnate
Dasenaitized Primer Mixture FA 936
Desensitized Pure PEIN

Desensitized Pure Trinitro-
resorcinol (TNR)

Desensitization Blank

Tetrazena Wastavater

Primer Mixture FA 956 Wastawater
Lead Styphnata Wastewater

TNR Wastewatar

&/ > 042, mild; > 2.5, moderate; > 5.0 severs.

17

Irritation Scores

Skin
0.25
0.16
0.16
0.00

0.00

0.08
0.00
0.00
0.12

0.08

Eye
negative
negativae
negative
negative

neguative

negativae.

negative
negative
negative

negative
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Each of two fractions of the tetrazene wastewater was glven to
four mice at a dosa of 0.5 g/kg; the same dose of the‘unfractionated prep=
aration killed none of_thc_lo mice doseds Two mice given Fractilon 47-55L
and one given Fraction 57-65; &1:6 within an hour of dosing; ﬁh; others
survivedes From this and the abundance of the fractions it is probable
that these two individual components represent much of the toxicity of the

tetrdzene wastewater.

DALY,

Except for the taetrazens wastewater (discussed below), all prim=
ing compounds had little acute toxicity. However, lead accumulates in ani«
mals and many repeated small doses are as toxic as a faw large doses. The
only other inherently toxic component is antimony, an arsenic-like toxic
matals It iz probable that the observed lethal effacts of the primar mix-
ture FA 956 were due solely to its lead and antimony content.

The desansitized tetrazene itself has moderate toxicity. Howavar,
certain lots of the tatrazene wastewatyr (Lot 3) ave significantly toxic.
This varviability is unexplained, but is presumably due to gqualitative or

quantitative variation in the chemical desansitized wastewatar.
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L]
STUDIES ON BACTERIAL DEGRADATION OF ORDNANCE WASTES

John F. Wymau, Louis H. DiSalvo, Harold E. Guard,
Janet Coffey, and John Blecka

Naval Biosclences Laboratory
School of Public Health +
University of California

Berkeley, California 94720

Blodegradation of three Naval ordnance chemiculs was attempted under laboratory
conditions using a strain of Pseudomonas aeruginosa isolated from TNT waste ponds,
Partial degradation of picric acid and Otto fuel II was achieved under anaerobic
conditions; negative results ware obtained with Noset A, The results provide

avidence that these materials are very likely to be persistent environmental
contaminants.

INTRODUCTION

Recent passage of the Toxic Substances Control Act of 1976 (1) as well as
Navy policies regarding environmental protection and enhancement {2) require the
Navy to be familiar with the environmantal toxicology of chemicals currently in
use, as well as newly developed or adopted materials about which little toxico-
logical information is available. One primary area o). investigation regarding
organic chemicals is their degres of susceptibility to blodegradation (by micro-
organisms) under anvironmental conditions. Throe Naval materials under study in
our laboratory have basn the ordnance chemical picric acid (2,4,6-trinitrophenol),
and the propallants Otto fuel II and Nosat A, The major constituent of Otto fuel

1I is propylene glycol dinitrate (PGDN) and of Noset A is triethylene glycol
dinitrata (TGDN). :

Concern over plcric acid, PGDN and TGDN as environmental pollutants is
warranterd congldaring reports in the literature concerning the toxic effects of
these and similar organic nitrogen compounds. Breakdown products very similar to
plcric neid obteined from 2,4,6~trinitrotoluene (TNT) were shown in our laboratory
to be autagenic agents by means of the Ames mutagenic assay (3). PGDN a 1 TGDN
have been shoewn to cause methewmoglobinemia in memmals. Of these two compounds PGDN
las been reported to be two to five times mora lethal in rate than 1is TGDN (4).

The molecular etructure of picric acid msuggested that bicdegradation of picric
acid would most likely ba by raduction of one of tha nitro groups forming 2,4-dini-
trophenol or 2,6-~dinitrophenol. Biodegradatiou of PGDN and TGDN was axpected to
occur by reduction of nitrxte groups and rmsult in the formation of propylena
glycol and triethylene glycol, Theso compounds could then readily serve as sub-
stratas for many bacteria and be metabolized to €O, and H,0. The microbial reduction
of nitro groups is an anaerobic process involving Gh. engfne aystems nitrate and
nitrite roductass (5). Therefore attempts to biodegrade these compounds were
carried out employing acserobic conditions.

*'Thil work vdu»iponlérod‘ﬁf'thi Naval Medical Research and Davelopmant Command,
Code 474,

21




o R

- g

o e e TR

NSWC/WOL/TR 77-136

METHODS AND MATERIALS

The bacterial species used in this investigation has been identified in our
laboratory as Pseudomonas aeruginosa (6). Prior to the use of this organism, we
were unable to isolate picric acid utilizers from activated sludge, garden soll,
compoat, and estuarine sediments. Experiments weére conducted by incubation of the
bacteria in a mineral salts medium containing the orduance chemicals in solution.

Medium: The medium used in all investigations contained 0.05X X, HPO,, 0.02%
MgsS0,.74.0 (7) and a 0.1X (v/v) nitrogen free trace sloment mix (8) nil dissolved
in dfnciiled water. In order to degrade picric tcid we found it necessary to
supplement the medium with 0.1X yeast extract (Difco). Addition of yeast extract
to the medium was continued in experiments with Otto fuael and Noset A. The initial
concentration of picric acid in the medium was 0.1% whereas the initial concentration
of Otto fuel II and Noset A was 0,5%. Undissolved componenis of the propellants
(such as the stabilizar, N-dibutyl sebacate) were removad from media by filtration
through a 0.5 cm bed of celite (Johne-Manville Co.). All media wers autoclaved
for 15 min at 121 C. Before inoculation, the pH of the media was adjusted to 6.5
by dropwiss addition of 12 N HCL. '

Incybation: Attempts to degrade picric acid, Otto fusl and Nquef A were
carried out in a 4 liter Virtis Laboratocy fermentor at ambient tempaeratura (25°C)

and agitation of 200 rpm. Initial wedia volume was 3 liters. UOxygen in the medium

was deplated by continuous bubbling of oll-free argon through the fermentor jar.
Pure cultures of Pasudomonas asruginosa were grown out in nutrieni breth £or 24

hours, and then removed from the madium by centrifugation. The cells were resuspended
in 25 ml basal salt madium end added to the fermentor. Picric acid, Otto fuel and
Noset A media ware each incubatsd for 30 days after inoculation with Pseudomopas
aeruginosa. A viable cell count eppioying the spzaad plate techniquo was conductec
during each experiment to monitor the growth ¢f the bacteria.

Analysis: Thin layer chromatography (TLC) coupled with a Photovolt photo~
densitometer was used to datermine depletion of the organic nitrogen compounds and
presence of degradation products. Quantitation of thess compounds was accomplished
by comparison with known standards. Bamples were periocdically taken from the
foermantor and filtered through a Millipore filter to remove microbial growth, bafore
extraction and spotting on TLC platss.

Picric acid concantration wvas determined by extracting 10 ml of medium with
2 nl methyl ethyl ketone saturated with Nacl, Four microliters of the extracted
solution were spotted on TLC plates (Quantum Industrias) and migrated 10 cm in
50150:1 bonzene-acetonu-glacial acetic acid. FPlates were scauned photodansito-
metrically using a UV lamp to quantitate the picric acid.

To visualise degradation products, 10 ml medium were extracted with 5 ml of
mathyl athyl ketoue. Five microliters of the mxtract ware spotted on Silica gel G
plates (ANALTECH) and migratad three times with intermittent drying, a diwtance of
10 cm in 19:1 banxena-acetona. .

In the Otto fusi and Noset A test systems the madia wars analysed for
depletion of PGDN and TGDN. These madia wers uxtracted with ethyl acetate, spotted
on eilica gel G plates and migrated twice, with intermittent drying, a distence of

10 co in 3311 hexane-benmens. Vimuliszation of PODN and '{GDN was accomplishad by
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spraying the plates with a 1% solution of diphenyl amine in ethanol and developing
under » UV larp for 1 minute., Plates were scanned photodensitometrically to
quantitate depletion of dinitratas.

In all analyses, determinations were carried out in triplicate, and the results
were averaged.

RESULTS AND DISCUSSION

The optimws pH for degradation of organic nitrogen compounds by a soll
bacterium has been shown to range from 6.0 to 7.0 (7)., The initial pH in each of
our test systems was 6.5, After 0 days incubation of picric acid and Otto fuel,
the pH steadily dropped to 6,3 and 6.14, respectively., However, the pH in the Noset
A incubation system rose to 8.5. The reason for this increase im pH 1s unknown at
the present time. Growth curve andlyses of the test systems showed a 1 to 2 log

. incresse in celle during the first 24 hr incubation, after which counts remained

fairly constant throughout the 30 dgy 1ncuyation period. Cells were viable in
each test system at the leval of 10° to 10° cells/ml.

In the picric acid aystem, blodegradation was evidenced by a color change in
the medium from yellow to brown., Under TLC analysis, the R. value of picric acid
was 0,17, while analysis of the dagraded solution showed theé presence of a compound
with. an R, value of 0.47. We tentatively have identified this compound as picramic
acid (4-afiino-2,6-dinitrophenol). Quantitative assay of this process 1s illuatrated
in Fig. 1, which shows the degradation product appearing after approximately 11
days incubation., An anomalous decrease in concentration of picric acid batween
day 0 to day ). may have been due to adsorption of picric acid to the fermentor, or
{0 the bacteriul cells which were filtered from the medium prior to analysis. A
25X 1lose in pleric ucid oceurrad over the 30 day incubation period. The amount of
picramic acid detectad in the medium represented only a 2X% conversion of the picric
acld to picramic acid. The loss in picric acid accurred either through complete
mineralization, or by incorporation of picric acid into tho bacterial cells which
were removad {rom the mediun before analysis. Further analysis le required to
datermine how wmuch picric acid may be inrorporated by a given Lacterial cell
blomass.

In the Otto fuel system, Figure 2, thu apparent increase in the concentration
of PGDN 18 ¢ue to the presence of di-n-butyl sebacate in the test medium. Initdal
samples, up to 12 days, do not reprement the actual concentration of PGDN in the
wedium eince some of thie compound was diasolvad in sebacate. When samplas wera
filteved through a Millipore filter the sebacate containing PGDN was removed 2long
with the bacteria. Aftar 12 days incubation, the di~n~butyl-sebacate was micro-
bially dcgraded to frea the PGDN.

From day 12 to duy 26 PGDN decreased in the medium by 80X. We wers unable to
demonstrute the pressnce of braukdown products, such as propylens glycol, in this
test syatem, Considering that propylene glycol is a readily umable substrate for
many wicroorganisms, it is posrible that this cowpound if present, was depleted
to undetectable quantitics by the bucteriu., A bdcteria~free centrol syctem demon-
otrated lass than 0.016% losa by aveporation dver 30 day incuvation period.
Therefore: the possibility of losu of PGIN by vapsrizution was vuled out. As with
plcoric acid, it is not known how much PGDN was lost from the system by removal of
the bacterisl cells prior to sualysin. '

(I
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Following day 26, analysis of samples on days 28 and 30 show a consecutive
incrsase of approximately 50 ug/ml in the conceatration of PGDN. Whether this
secondary increase is due to physical or bilological parameters cannot be known
without further research.

In the Noset A system, which had incubation conditions identical with rhose
of Otto fuel and pilcric anid, we were unable to detect any depletion of the TGDN.
Further experimentation with longer incubation periods and other bacterlal species
will be required to szcertain whether TGDN is biodegradable.

CONCLUSIONS

Prior investigacions in this area have Laen extremely limited., 1t is gzenerally
conceded that extended acclimation periods are required before microbial utilization
of organic nitrogen ccmpounds will occur, and as yet, no one has reported complete
matabolism of these types of molecules. Considering these facts, and the results
obtained in this investigation, detoxification by microorganisms should not be
considered as a practical solution to the problem of eliminating waste eifluents
containing organic nitrogen compoundas.
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BIODEGRADATION QOF TNT : PROGRESS REPORT

Eleoncre G, Kayser, John C, Hoffsommer, Donald J, Glover,
Donald A, Kubose, Charles Dickinson, and Ann Rlchardson

Naval Surface Weéapons Center - White Oak Laboratory
Silver Spring, Maryland 20910

Gurrently under investigation at NIWC is a feasiblllty study
of using miorocorganlsms to convert waste TNT and other nitroaromatic
compounds into molecular specles that can be completely metabolized
to CO2, H20, and NH3 Qp intu blologlcally altered compounds that
have no adverse effects on the ecology. The extraction of 2-amino
and 4-amino dinitrotoluenes as well as nitrite and nitrate ions

from the stream waters near the bomb loading facllity at NAD,

McAlester, indicated the pomalbility of using blologleal as well as
photolytic means to degrade dissolved TNT in waste water,

The NSWC experiments consisted of (a) batch studies, (b)
continuous culture studies, (¢) Carbon-ll experiments, and (d)
the design and operation of a pilot scale ditch facility.

’ The results of several large scale batch rune indicated that
TNT supplemented with.corn steep nutrient could be effectively
blodegraded utillizing the aotivated sludge organisme acquired from
a near-~by sewage disposal plant, The rate of TNT blodegradation was
found to be ldentical to the rate obtalned with a pure pseudonmonas

-pacterlal straln isolated from the contaminated TNT streams at NAD,

NMecAlester,
, The 2-amino and 4-amino dinitrotoluenes and the 2,4-diamino
and 2,6-dlamino nitrotoluenes formed in the TNT biodegradation
process were also found to be blodegradable, although at a slower
rate than TN?, sc that high levels of these materials would not
bulld-up in the environment due to the dilscharge of effluent
contalning an acceptable level of these intermediates. The mono-
amines degrade to the diaminems, The 2-amine degrades to both the
2,4 diamine and the 2,6 diamine lsomers, while the 4-amine Gegrades
to only the 2,4 diamine ismomer. An evaluation of the toxicity and
carcinogeniciéy of these amine products i1s currently under
inveatigation. Figurel represents the degradation products of o _INT
which have been ldentifled, lsolated, and analyzed by a combination
ol' thin layer and vapor phase chromatography. _ :
Batch studies of TNT run aerobizally and anaerobically over
a 24 hr, perlod indicated that TNT is degraded to a greater ertent
in an aeroblc system (99.5%) than in an anaerobic system (69%). The

. percent of amine products formed in the anaerobic system was almost

three timea that formed in the aerobic system,
.. - Batceh runs were also used to determine the effects of
temperature and pH on INT bicdegradaion., The resulting data showed

“that within the 5°-53°C temperature range, the TNT was 95-99%

blodegraded with the usual distribution of amine produets formed,

}
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LA The results of the pH study showed that TNT was only 45%

. degraded in the pH range of 6,0-6.2, while in the ranges of 7.4.7.8
and 8.7-9.1, the % TNT biodegraded was 99% and 97% respectively.
The 8.7-9.1 region cannot be consldered useful for practical TNT
degradation due to the notlceable build-up of amine products (~#TH5%),

TNB and RDX were also tested for thelir blodegradabllity
uoing the same bateh cystem as that used for TNT. TNB was ~»99.5%
bloderradable alfter a 48 hr., incubation perlod., The only product
identified by GC/MS was 3,5-dinitrocaniline which was found in abouta
2.5% yleld. RDX was not blodegradable, although it did not inhibit
the degradation of TNT Iln an RDX-TNT mixture. ‘

Experiments were also condusted in a gontlnuous gulture
laboratory scale activated sludge plant.Using thle technlque, we
werc able to study the relatively long term effects (3-4wks) of TNT
degradation on a blologleal system as well as providing data for the
pllot scale blodegradation faclility. Experiments were designed to
‘ determine (a) the effect of various nutrient concentrations on TNT
$ blodegradation and amine product formatior, (b) the effect of two
nutrients ( e.g. Black Strap Molasses, Corn Steep Liquor), and (c)
the long temrm effects of anaeroble conditions on TNT degradatilon,

1 Optimum results for TNT degradation were achleved wlth a
rapldly growing colony of bacteria. This was accomplished by adding
enough supplemental nutrient so that the dally increase in the
welght of the floc averaged 10-20%. A zero or low order floc growth
rate reduced the effeclency of the blodegradation process and lead
to increased concentrations of the aminodinitrotcluenes,

Nutrient substitution of BSM‘for CSL did not have a .
noticeable effect on elther the rate of TNT degradation nor on the
formation of the aminodinitrotoluenes which was comparable for both
gystems, : .

The results of relatively long term anaerobiec conditions on
TNT degradation in the CCP agreed with the data obtained from the
batch studles, that of greater amine formatlon under anaeroblc
conditions. ¥V rying the level of dissolved oxygen in the CCP had no
significant effect on process effeclency provided that aeroblc
conditions were ma ntalned., However, if the dilssolved oxygen level
decreased below lppm, the amount of aminodinitrotoluenes produced
“increased until under completely anaeroblc conditions essentilally
. all the degraded TNT was converted to these and other amine products.
T Biodegradation axperiments were also carried out using C-1h
i labelled THT in order to determine the distribution of the C-14
S activity and also to detect if C-14 COp was being formed which would
indicate aromatic ring cleavage. '

~ 'The C-14 TNT was used in several batch-type bicdegradation
experiments in whioh all the materials, TNT, activated sludge
organisme and corn steep nutrient were initlally mixed together and
serated. Water and aqueous potassium hydroxlde traps were provided
to capture any volatile compounds and CN2 which were then analyzed
by scintillation counting techniques for C-14 activity,

e
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Very little C-14 C0p or other volatile species were produced
(< 0.5%) 1n the biological reaction after a 72 hr, incubation
period, The benzene extract of the supernatant ylelded the 2-and 4 -
aminodinitrotoluenes. These isomers accounted for the total activity
found in the benzene extract, Approximately 4O® of the activity
remained in the aqueous phase after benzene extraction., This phase
contalned small quantities of extremely polar and Jor high
molecular welght material which has not yet been ldentified. No
evidence was found in any of the C-14 experiments which indicated
aromatic ring cleavage. '

The batch, continuous culture, end C-l4 experiments were
conducted in -support of the pilot plant facility in continuous
operation at NSWC since November of 1973. This facllity (Figure 2)
has a 3,000 gal, capicity and was designed to biodegrade 0,5 lbs, of
aqueous TNT per day, Dissolved TNT and nutrient are fed into the
diteh at a rate of 2 gal./min. The cage rotor provides a dissolved
oxygen content of 3-4 ppm, and moves the liquid and floc in the
ditch at a rate of l-foot per second. A 350 gal. settling tank 1s
used to return the bacterial floc to the ditch. Data from a typical

‘run are summarized in Figure 3,

e
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‘1. 4-AMINO-2, &-DINITROTOLUENE.

2. 2-AMINO-4, 6-DINITROTOLUENE,

3. 2, 4-MAMINO-8-DINITROTOLUENE.

4. 2, 6-DIAMINO-4-NITROTOLUENE.

6. NITRITE ION.

8. NITRATE ION,

7. 3,%,8,65°-TETRANITRO-4, - DIMETHYLAZOXYBENZENE,
8. 3,3,5, 5'-TETRANITRO-2, 2-DIMETHYLAZOX YBENZENE.

9. 3, ¥,8 5-TETRANITRG-2, 4'- NNO-DIMETHYLAZOXYBENZENE.
© 10, 3,7,8,8-TETRANITAO-2' 4-NNO-DIMETHYLAZOXYBENZENE.

11. 4, 6-UINITRO-2-HYDROXYLAMINOTOLUINE,
12. 2, &-DINITRO-4-HYOROXYLAMINOTOLUENE,

FiG.1 INTERMEDIATE PHODUCT $ OFa -TNT BIODEGRADATION
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TOTAL TIME OF RUN 80 DAYS

! : PROCESS PARAMETERS

TNT FEED 173gme /24 s 18 ppm

RATIO OF NUTRIENT FEED TO TNT FEED ~ 100/1
: FLOC CONCENTRATION  B-8 gma/lite

] DITCH VOLUME 300 gal :

! FEED RATE  2gal/min

; pH 7-8

) DISSOLVED OXYGEN 7-8 ppm

; PROCESS EFFLUENT
. TNT NOT BIODEGRADED 0.00 gmw/24 lws  0.008 ppm
. AMINODINITROTOLUENES 15.3 gms/24 s 1.35 ppm
‘i SUSPENDED SOLIDS 570 grma/24 hrs ~ 80 ppm

© EFFLUENT RATE 2 gal/min

: % TNT BIODEGRADED 99.9%

‘ % AMINE PRODUCTS FORMED 8.7%

FiIG. 3 TNT BIQDEGRADATION DITCH FACILTY
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PHOTOLYTIC DLCOMPOSITION OF FBX IN AQUEOUS SOLUTION

Donald 4, Kubose
Naval Surfacs Weapon Center White Ouk Laboratory
Silver Spring, Maryland 20910

INTRODUCTION

The problems of decontaminating wasto water contéining dissolved
RDX are different than those concerned with water contmiuta"d with
TNT. For example, RDX is not biodegredable as is INT and KDX is not
adsorbed as readily as TNT on charcoal or polymeric resins. This
paper presents the results to date of on-going studies to show that
photolysis is an attrective approach to treatment of FDX waste water.

FLOW PHOTOLYSIS SYSTIM

Cursory experiments indicated that m in aqusous sulution was
rapidly 4estroyed by photolytic action when exposed to the full
speciral output from a medium pressure meroury lamp (220 nm = 1367 nm).
It was also found that if the spectral imput to thy RDX solution was
limited to wavelengths greater thsn 280 mm by a pyrex filter the rate
of RDX disappearance was greatly reduced,

To take advantage of this rapid I’,mmot:um of FDX & laminar flow
tray apparatus wes designed and fabricated, Figure 1 shows a schematic
diagrem of the appamatus. A reverse water fall conoept was used to
schisve laninar flow ohkrecteristics, The Iao.iuuon sntered at the
bottom of the n!ﬂoal seotion, flowed up illnfm the flat tray section,
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across the tray and exited through the thrce variable height drain tubes,.
The nominal dimensions of the tray section are 30 cm long, li ¢m wide and
L cm dsep. A 1200 watt medium pressure mercury lamp with an active length
of 30 om was centrally located immediately above the tmy along its long
dimension, A reflsctur cover the entire tray to maximize the light
impinging on the RDX solution, Table 1 presents the results of runs

made at seversl flow rates and solution depths of 0,5 cm and 1.0 om,

TABLE 1
RDX Removal by Photolysis in the Laminar Flow Tray

£ RDL removed at various flow rates

solution - flow rate, ml/min initial RDX
depth, cm 1000 2500 conc., ppm
0.5 9949 99.8 98.7 96,9 22
1.0 99.9 Y949 9,6 © 9649 39

. ‘

The results in Table 1 show that RDX is rapidly destiroyed by photolysis
in a flow nystem. Efforts are underway to optimise the photolysis geometry
to increase the efficlency of RDX removal.

PRODUCT ANALYSIS

Work on t;.ho flow photolysis system has besn complemented by efforts to
determine the photodecomposition products of RDX in aqueous solution and by
attempts to understand the primary photochemical steps involved, These .
studies have been conduotad using a static photolysis geometry,

Gss chromstogruphic amalveis of a bensens extrect of a photolysed
solution show other peaks in addition to that dus to residual RDX., The

mnbuj and relative intensities of these peaks depend upon the extant of

33
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photolysis, quality of light (i.e., with and without & pyrex filter) and

the pH of the svlutfon during photolysis, The compounds responsible for

these peaks are all photo-unstable since they become undetectable when the .
RDX becomes undetectable,

Exposure of the RDX solution to the full spectral output of the lamp
produces the largest number of the additional peaks. As many as seven
peaks with retention timea () ranging from 0.2 min to 2.5 min (ltt s 3,5min
for RDX) are observed., The presence of these peaks are indspendent of pH,
In contrast, the peak at R, = _?_.5 min is the only predominate one when the
epectral input is limited to wavelengths greater than 280 nm and is present
only when the pH of the solution is acidio,

The pH of RDX solutions mads up in distilled water falls to values of
3.5 = L€ during photolysis with either unfiltered or pyrex filtered light.
When the solutions are made up in tap water the pH remains neer nsutrel,
This buffering action is presumably dus to the ions in tap water,

The compound giving the peak at Ry « 2.5 min has been identified via
gas chromatograph/mase spectrometric techniques as l-nitrosc-3,5-dinitro=-
1,3,5«triasacyclohexane (mono-nitrosoc analog of RDX). Msss apsctra of the
other peaks imply similar type compounds but positive identifications
have been hampered by the small amounts present and the lack of model
compounds .

The absolute amounts of these compounds produced in the flow photolysis
syatem is estimated to be very low., For example, at A flow rate of 2500
al/min and a depth of 1,0 om the amount of the mono-nitrooo compownd (it

gives the most intense peak of all the compounds) is estimated to be less
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than 0.5 ppm. This is lesa than 1.3 4 of the initial RDX concentration.
Varying amounts of NOE,, no'z' and GHzo have been found as end products.

Table 2 presents values of the mole ratios of these products to the moles

" of RDX photodecomposed by unfiltersd light (A » 220 nm) and pyrex filtered

1ight ( A » 280 nm) at pH 7,

TABLE 2
Mole Ratios of Products to RDX Photolysed

Ratlo N Mo ’

07 0 CH.0

A Wt W W
>22° i 0.01 2.‘»1 0.8
»280 um 0.7 2.0 0u7

Although further work is required for a more complete product analyeis
the data acqﬁimd to date permit some speculation as to the primary photo~-
chemical steps taking place. _ !

It is ;;oot.ulut.od that at wavelengths greater than 280 nm the primary
photochemical step is tlho homolytic oleavage of the nitramine bond to give
the ulyi ndic;l and NO2. The into_not,:\.an of N02 and water provides a
source of the observed nitrete and nitrite ions. Under acidic aonditions
(photolysis in ‘dht.iuod water snlutions causes d,ozuu in pH) the nitrite
ion produces NO which ‘can add to the azayl radical to give the obmserved
mono=nitroso compound. wh;n the photolyais is carried out in tap water
where the pH remsins near neutyel the mono-nitrosc compound is not observed
since NO cannot be formed, } | g

When the inoldent waveisngths dxtonld down to 220 n& it is poat.ulitod
that the predominant primary photochemical step is the clsavage of the

3B
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N-O bond of the nitro group to give the mono-nitroso compound directly.
Thus, its formation would be independent of pH and this is what is observed.
Additionilly the mono-nitroso compound can undergo further N0 bond cleavage
0 give the di-nitroso analog of RDX., It is attractive to speculate that
the additional peaks observed in the benzens extruct are due to this and
other similar typs compounds, The very small amounts of nitrate ion found
compared to that found for wavelengths greater than 280 nm lend support to
the above hypothesis,

The presence of formaldehyde as a final product indicates that the
ring is broksn., The paths from the primary photochemical steps to final
products is undoubtably complex and is yet to be resolved. The formation
of aitrite ion as nitrous acid must occur at some point since tho pH of

unbuffered solutions decruase asymtotiomlly to approximately U,

FUTURE EFFORT

In summary, the ume of photolysis to degrads Ri)X in aqueous molution
appesrs tu be very promising., Additiomal work, both in tems of determining
the mosi efficient photolyais geometry and completing the product analysis
is nqu‘iud, Inprbvount on the present knowledge uf the photochemiatry
ie aleo desiruble in order to be able to prediot the effects of other
solutes (0.gs, TNI'I‘, added H,0,, 03) on the photolysis rate of RDX,
Work is in progress in thess areas and results will be presented in future
reports, |
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ALXALINE HYDROLYSIS OF RDX ON JON-EXCHANGE RESINS, LABORATORY STUDY

John C. Hoffsommer, Donald A. Kubgyse, and Donald J. Glover

Although the basic hydrolysis of RDX in water produces a number of products
including N02-. NH3, NZO, N o Oﬂzo, and HC00™, the time required for 99% conver-
alon is too slow to be practical as s decontamination procedure at a resonable
p}l1 + Sinoe -d(RDX)/db = k,(OH )(RDX) where k, = 1.9 X 10~ 1.mole™sec™ at
25.0’0, it can be calculated that 30% NaOH is required to reduce 45 ppm RDX to
045 ppm in 20 minut.n, and at & pH of 12 (approximate pH of lime water) this
same oonversion reaquires epproximately 14 days.

A relatively simple method to effectively increase the OH oconcentration
was accomplished by psasing aquecus RDX solutions through strongly basic ione
exchange resin columns, The basic resins studied were the styrene/divinylbenzene
copolymer type with trimethylammonium hydrox1602 or dimethylethanclammonium hydrex-
1de’ groups. The maximum num&r of moles of OH™ obtainable on the resin was found
to be 1,75 X 10~ moles bﬂ/grm (equivalent to 1.22 mole OH/liter) by“' passing
2 resin volumes of 1 M NaOH through the chloride form as shown schematioally,

(1) 2 O 4 ) e——=)
W —— v

f2 0
-61 - Ok

(resin, 01 form)  (resin, OH form)

-k

J. 0. Hol'tnumcr. D, A, Kubou, and D, J, Glonr, 3. Ph;yu. Ohn.,
Mbarlito wo(nohn & Haas Co., Phundolphh. Pae)e -
Anborlitq 410 (Hohl & laas Co., Phihdolphu. h.)o ' : ) | )

in preii.

N

e
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and C17) reaction and displacement of OH  don from the basic resin is expscted.
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Hydrolysis of the RDX on the basic resin may be shown similarly,
¢&OH No

2 ‘
(2) 03H6N6O6 4 ' -50 + NH3’ NZO, Nz, GHZO . ‘
OH - | 00=0 | o
_ H
(RDX) (resin, OH form) (spent reasin)

Since three moles of OH— are oonsumed for sach mole of RDX hydrolyzed, the follow-
ing expression may be writlen for the maximum number of resin volumes, nvm,

that mey bes theoretica ly treated,

(3) RV = RLOH/(B)(M) » where RLy, is . resin

hydroxide loading factor expressed in moles OH/liier of resin, and M is the molar
soncentration of the RDX solutlon. At the maxinum R”‘OH for the resin, 1.22 moles

OH/1iter, used to treat a 2,0 X 1074

M (45 ppm) RDK aqueous solution, RV, . is
caloulated to be 2.0 X 103 resin volumes, From (3} the actual volume of water

R is the actual resin volume. .

treated, vlmnx » becomes V. X R‘lm, wheéra V
Figure 1 shows the RDX resin break-through surve for the hydrolysis of RDX

o 5.4 rama of 400 Ambarlite resin containing 2,04 X 10-3‘molea of OH (R]‘.bH =

0,278) with an RDX feed concentration of 1.98 X 10.4 M (44 ppm). At 56% RV

(1.7 1liters) the effluent RIX concentration was ¥ 0.5 ppm ( ¥ 2 X 10"M), Ia

another experiment where RL, = 1422, the effluent RIX T 0.5 ppm av 54% RVoex

(15.2 11ters) and verifies (3). In other words, at a point where 55 3 2% of the

available OH groups have heen reacted or displaced, we may expict an RDX effluent .

bleed of approximately 0.5 ppm, .

Since tap water contains varying amounts of anionn (notably HGOB-Q soz ’

39
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Table 1 shiowe the RDX resin break-through effluent bleeds for 9 cycles for
the hydrolysis of RDX in tap water on Amberlite 410 resin, Figure 2 shows the
c;ttant of OF" displacement from the ‘ba.slic 410 resin by area tap water, After
approximately 50% of the total available OH has been displaced, the OH™ replace
ment markedly decreases, An additional 25% of the total OH" was determined by
NaCl diaplacemlon.t to remain on the roa:ln.‘ The other 25¢ of the total OH is pre-
sumed to bo minly‘leonamnod in the neutralization reaction with bicarbonste ijons

O + mo; = H,0 + 00"; « Since the molar concentration of Hco3" was determin-

od to be 1,13 X 1072 M (or 69 ppm) by acid titration with methyl orange indicater,

1,80 X 10™? woléh of OH" (22.5% of total) would be expected to be consumed by
this nestralisation reaction. .

- e e 4 et e ) RN | TR e WA ot

‘ : Regeneration of the spent rou:ln was accomplished by the pauago of 2 .aain

. , volumes of 1 M HC1 through the ruin, followed by water rinuing, then 2 resin

E . volumes of 1 M NaOH. The HC1 troutment was necessary to dissolve insoluble hydrox-
' ides and carbonates which nccumhtod over several cyclu and were found to slog
the resin, For large scals hydrolyses it was nobosaary to inolude urea 1n the HCL

to prevent the formation of ndtrous acid, The ro_genorntion step 1s shown schematio-

ally,
(&) 2 0 4+ . > o+ uoz" + Hooo™
\ 0
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TABLE 1 HYDROLYSIS OF RDX ON 410 RESIN IN TAP WATER.

EFFLUENT % THEORETICAL

CYCLE RESINVCLE  ppmRDX RESINvOLs'"
1 2002 < 03 8.7
2 400 < 0.4 175
3 342 <08 14.9
4 2 <03 171
5 m < 0.8 14.0
. 35 <03 e
7 202 <08 12.7
) 388 <02 108
9 342 . <08 14.9

(.MoLEs g |t i (18,886 GALLONS/CUBIC FT.)
) nox) " vy, A

{2) = 1,480 GALLONS/CUBIC FT. OF RESIN
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REMOVAL AND DISPOSAL OF RDX FHOM WATER: LAROE-SCALE BASIC RESIN SYSTEM '

. - « ema

pamy Ty

] Donald A. Kubose, John C, Hoffsomser and Herman I. Cordova -

Naval Surface Weupon Center White Onk Laboratory
- Silver Spring, Maryland 20910

A companion paper has described laboratory scale studies of the use

of a strongly basic ion exchangs resin for the adsorption and destruction
of RDX dissolved in water. The paremeters of flow rates, resin regeneration,

resin loading, etc., were examined on small amounts of resin, usually less

than 10 grams., The work reported hers describes a scale up of the laboratory
studies to approximately 3200 grams (1,6 cu, ft.) of tho resin.
RDX Column

A a'u.jor concern in the scale up was the generation of thousands of
gallons of RDX contaminated water., The concept used was to pass water
through & colymn of DX, This idea was used in the laboratory studies and
' f with relatively slow flow retes (1-2 ml/min) produced water containing L0 =
; ] S0 ppm RDX, The m; oolumn used in the scale up work consisted of RDX held

; in a pyrsx pipe nominally 7.5 om ID and 13 om long fitted with polyvinyl
clhor‘idn (PVC) end pisces., These end pieces had concentric and redial

! | # grooves, the latter .lndinu to a central take-off hole, to provide laminar

| flow through the RDX. A 10 micrun stainless stesl scroen on the bottom end

' plece prevented particulate KDX from leaving the colwmn. The pyrex-PVC

; assembly was sandviched between two steel plates and ucumc:f by bolta, ‘

g' K RDX concentrations of 25-30 ppm were obtained at Ilow rates of 8 1/min and '

E’ " inoressed to LO-S0 ppm at flow rates of 3 L/min. NChannelling® of the KDX

i - in the column was correoted by shaking the colwans to relevel the RDK. .

iy ' . . . )“0 L

o
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Resin Column

Tho design of the column used to contain the Amberlite L10O basic anion
exchange resin (Rohm and Haas Co., Philadelphia, Pa.) is similar to that used
for the FDX column, The resin column was made of PVC pips 28 cm ID and 120
cm long. The PVC end pleces had the same system of concentric and radial
groavn\to provide laminar flow, A 10 micron stainless steel screen prevwntaed
loss of resin,
Plumbing

A schematic ‘'of the oversll plumbing aystem is shown in Figure 1. The
incoming tap water, filtersd through a course (100 micron) and fine (10
micron) set of filters, " oan be directed through the FOX colwane or, if
desired, directly to the resin column for flushing purposes after passing
through the flow meter and total volume meter, A sampling outlet located
between the two meters allows ssmples of the RDX contaminated water to be
taken for assay. 'The two three-way valves on the resin column are plumbed
such that, the incoming water can be dirested downflow or upflow through the
resin, The flow when KDX in being degreded is downflow. The incoming water,
aftar being rilteiud, can also be directed to the regeneration tanka. The
regenoration solutions are pumped from the tanke and passed upllow through
the reuin column via the three-wway valves,
System Operation

The HEX is handled at all timee in a water alurry., The RDX columns
are logdnd b& disconnedt.ing tho water lines to the colwnns and N‘movlng the
top stesl plate and ¢nd pisce. The amount of HIX put in evach column is
approximately 1 b, The IPVC and plece and steel plete are put back on

"after cleaning up any spilled RUX and the water lines are recorneocted,
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The resin column is loaded in much the same manner.
To begin a run the water is turned on and the appropriate valves opsdved
or closed to allov the water to pass through the RDX columns, pass downflow

- through the resin column and exit out the effluent pips, The flow rate is

monitored and the RDX columns releveled when the channelling becomas too

great, Samples of the input ROX feed and reain column effluent are taken

st varions time intervals and assayed for RDX content, The length of a
oycle, i.s., tho number of resin volumes input before the RDX conceniration
‘l@n the efflusnt reaches 0.5 ppm, was examined as a funstion of flow rate and
s\npmn‘uon parameters. Regeneration of the spant resin to the hydroxide

form was accomplished by use of HCl, NaCl and NaUM, in that order, In some
. instances the NaCl was cmitted. Urea (dissolved in the HCl) was used to

convert the nitrous acid which is formed from acidifation of uo;, a product
2 and 002. In one oycls NaCl was used fivst to
displace the N0, prior to addition of HCl and the urea was not used.
Results

Mgure 2 presents the data obtained for eight cycles, The number of
resin volumes of RDX contaminated water pessed until the effluent reached
a NDX concentration of 0,5 ppm is listed in the second column, As can be
soen the parwmetor which nost affects the performance of the reain is the
amount, of hydroxide ion used in the regenemtion of the resin., These
results u'c'_ in agreement with those obtained on a laboratory scals and
Mmtnhl that the twsin procoss can be scaled wp.
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CARBON REGENERATION

Thomas C. Cagtorina, Jerowme Haberman and Jagadish Sharma
Feltman Roseasrch Laboratories, Picatinny Arsenal

Introduction

Carbon adaorption treatment of pink wastewater (TNT/RDX) is being used at
the Load-Assembly-Packaging Divisions of Joiiet, Iowa, Kansas and Tooele Army
Amnunition Plants. The practice, to date, of dieposing of the TNT/RDX-suturatad
carbon i{s by incineration which is potentially hazardous and costly. Alternative
wethods of handling the pink waitewater problam are under current investigation.
IAAP is studying thermal regrnezol'ion of carbon and Natick Laboratories, polymer
resin adsorption., The econlomice of both methods are baing evaluated for a deci-
sion on adoption, A method having the sdsorptive capacity of carbon which can be
regenerated on column without disassaembly by alution techniques would be coue
sidered the ideal sclution to the problem, This latter approach is the basis of
the study being conducted at Picatinny Arsenal, The firat phase of this study’
which deals with the determinaticn of the mmchaniam by which INT ia adoorb:d on
carbon is the subject of thiv presentation,

INT Adsorption

Since TNT replaces RDX from the adsorbed state and TNT ramainas strongly
bound to the carbon surface, the study of the process of curbon degeneration wae
initially confined to TNT, For this, adsorption isotherms of aqueous molutions
of TINT (130 ppm) on FS300 were determined concurrently with surface area deter-
minations using argon adworption at -1969¢,

The adsorption of TNT on carbon was studied as & function of pH, temperature
and particle eize. Adsorption wes found to be significantly dependent upen par-
ticle aize and hence diffusion, but independent of pH and temporature. The in-
depondence of pH is indlcative of a non lonic process of adsorption. Because the
thermodynamics of adsorption and diffusion are diamstrically opposing in that
adsorption decreésses and diffusion rates increase with increasing temperature,
t?niob:-rvud indepandence of TNT adeorption as a function of temparature is ex-
plained,

The strong dependence of TNT adsorption on diffusion is illustrated in Figure
1, At approximately two hours, the fine carbon adsorbe TNT to its saturation

level, the medium to 60% capacity and coarse (as received) to 15X capmcity. This |

demonatratas the impottance of minimizing the peth the TNT must traverso to in-
teract with the aviilable internal surface. It should be noted that the observed
capacities are independsnt of the different geometric surface areas of the raespec-
tive particle oiges., Although the geometric surface areas (calculated), .003,
4008, and .08 cm*/g of tht coarse, medium and fina particles differ by orders of
magnitude, the corrgupondinz percent difforences with sllplCt to the total sur~.
face area of 1000 M4/g im infinitesimal, vie,, B x 10™ a x 10-8 and 3 x 10~8
percontages, .

Deactivation g[ ngbgn '
The progrnnqivq'duqc:ivdtion of F$$Ob was d-ttrminad as a function oﬁ ad=

B . sorption/descrpsion cyclon (Figurg 2): Adsorption wis parformed in the usual
" mauner from aqueous wolution and desorption with acetons, The specific adsorp-

tion of the three carbons decridses (duwactivation) with similay proportionality
condtants. Howov«r. the dnnut1Vltion of the madivm und fino carbons relative to

o .

o
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the coarse (0.3g TNT/g Carbon) requires three cycles for the medium with a total
capacity of l.lg TINT, and four cycles for the fine with a total capacity of
2.0g TNT/g Carbon,

The material balance of eluted TNT and retained TNT by the carbon, togethar
with the asscciated attrition of surface area is presented in Table I. As the
retained TNT accumulates, tho surface area detereorates and correspondingly less
TNT adsorbs with each successive cycle, The total of TNT retalned and removed
with each cycle remaina fairly constant, It can be inferred from the data that
iu the process of the TNT being etrongly bound to the surface, pores ars succes-
aively blocked precluding the alution of otherwise reversibly bound TNT. The
question of how the TNT ie strongly bound to the carbon surface was addressed by
the application of the ESCA (Eleotron Spectroscopy Chamical Analysis) techniqua
which is uniquely suited fur surfaca=-aduct analysis.

_ TABLE I
DEACTIVATION OF COARSE F$300% BY TNT ADSORPTION

2

NO. SP.ADN, §P. DES.1 ZW CUMMULATIVE3 TOTAL SP.ADN,
CYCLE (KTNT/gC) (RTNT/RC) (H /) RETAINED SP,ADN, (SP,ADN, + CUM,RET,SP.ADN,)
1 .36 W24 890 12

2 .29 27 818 W14 A

3 .28 21 701 18 B 1

4 W15 Jd4 570 19 .33

5 W14 08 841 +25 -

1By Acetone Elution: 2Surfuce Area After D.uorptionz 3Aftar Acetons Elution:
4, = 1098M2/g

Ve

Muchaniem of INT Msoxption

~ Sinco explosives contain nitrogen in distinct oxidstion states which, when

wuojected tu chemical interaction undergo changas in their oxidarion stutes, the
alactzon spectra generated by ESCA reflect the various changes induced. TNT con~
tains nitrogeno-in one oxidation atate, of thae nitrogen divxide functional
group.  The e}2ctron spactrum should therefora contain only one peak at 405.6 ev.
Inetead, the ¢lsctron apectrum shown in Figure 3 depicts two additionsl pasks of
aitroger in iower o idation states at 401 and 400 ev. The sasignments of N“'i
and N°1 could be indicative of a nitroso and sucondary amine nitrogens, respec-
tively.. The wigniticance of thim spectrum is the unaquivocal evidence of TNT
having undergone chemical reactivity with the carbon surface, This TNT-carbon
surface reaction cowplex was !urther lubltlntiltld by infrared mnd wass spoctro-
matric analysen. | .

%ﬁo ptﬁc‘al of deactivation of oarbon by TNT involves both physically and
chemically sdsorbed TNT in the micro and meso porous internal surface area struc-

ture. The chemivorbed TNT plugs.up the pore apenings thersby precludiug thie eluw.

.tion of ruversibly phydlsorbed TNT.. Diffusion plays an important vole in the
11tr¢VItlihlg adsorption of THT. The slower tha diffusion ruty, the gramtar tha
‘vesidance tiwd and the steater eho dc;roc of uhahicpl r-qu:lvicy of TNT with the
cntbon -urcceu.--
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IMPROVED PROCEDURES FOR PURIFYING TNT

Everett E. Gilbert

Explosived Diviaion, Feltman Research Laboratories
Plcatinny Arsenal, Dover, New Jersey 07801

Crude TNT muat be purified for military use. Since World War I, the almost
universal practice has involved purification by treatment with aqueoue sodium
sulfite ("sellite"). The resulting waste liquor ("red water") has entailed A
serious disposal problem. A portion of it has in the past been sold to paper
companies, but this is no longer posaible. It is now concentrated and then in-
cinerated to crude sodium sulfate. Unfortunately there has been no use for it,
and it has accumulated steadily at the TNT plants.

A recent approach to recovery of thia sodiuwn gulfate for reuse as uodium
sulfite has involved the following 'eactionss . i

(]) lesol' + 2 C - les + 2 CO?

(2) ans + Hg0 + COy + Na2003 + Hp8
(3) 4§  + 3 0=+ 50, + Hy0

(4) Ni CO3 + 80y + Na2803 4 co2

Adding the above cduations, we have:
(5) Nag804 + 2 C+ 3 0 » NazS04 + 2 €O,

All of the above reactions have been used commercially in the past; the most re-
cent application has been the Tampalla Process used in the Finnish puper indus~
try. This procedure is complicated and quite energy intensive.

It occurrad to us that waste watur recovery might be simpler if other sul-
fites were used. Since no literature was found on the purification of TNT with
sulfites 'other than sodium, we scresned five of them (ammonium, magnesium,
calcium, zinc and cadmium). Only the first two appeared interesting; thay will
be discussed in turn, .Initial work was done by tho writer and V,I. Siele at
Picatinny. Followup studies aimed toward plant oyaeration, being made at Radfo:d
Army Ammunition Plant by C.D. Chandler, Jr., G.R, Gibson, and R. Mundy, ars

otill in progress.

Use of Asmoniym Sulfite

It vas found that vigorous agitation of molten cruds TNT with aqueous

ammonium sulfite (0.1 1b,, anhydrous basis, per 1.0 1b, crude TNT) at 85-90°C

removed the impurities and gave a pnti!iad INT of satisfactory set point, When

unin; uodium lulfitc. thil reaction ¢an bu run in 47 open besker. Usa of this

5
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procedire with ammonium sulfite was unsatisfactory, since ammonia was lost, the
pH dropped, and an unsatisfactory product resulted., This problem was overcome

by operating with a flask and reflux condenser, It was also noted that the mode
of mixing was important, Satisfactory results were obtained by mixing the rea-
gents at room temperature, followed by heating to 85°C, or by dropwise addition
of the sulfite to an agitated mixture of molten TNT and water preheated to B5°,
Pouring the sulfite solution into the preheated TNT - water mixture at 85° led

to a mild exothermic reaction with a temperature rise to 90-95°, and an unaccept-
able product. All samples of TNT purified by this procedure were colored yellow,
resulting from the formation of small amounts of 3~ and 5- amino -=2,4~dinitrotolu~
enes by side reactions, It was noted that these compounds were not found when
solid TNT was ground in a ball mill with aqueous ammonium sulfite,

Followup studies at Radford led to the conclusion that the process appeared
suitable for large-scale use on a batch basis (simulating incremental addition
of sulfite), but not on a continuous basis (involving rapid mixing). As noced
above, rapid mixing greatly favors the formation of aminodinitrotoluenes, there=-
by lowering the set point, It was found that the amino compounds could be re-
moved by melt-washing with 70% sulfuric acid, but incorporation of this extra
step was concluded to be impractical in plant operation. Since all future
American TNT production and puriflcation will involve continuous operation, the
ammeonium aulfite process in therefore not of interest until batter control of the
side reactions is achieved.

" The ammonium sulfite process haa advantages whi:zh suggest that further study
ls wdarranted. A better yield of purified TNT is obtained than with sellite, and
it is a cheaper process to operate, The raw materials (ammonia and sulfur di-
oxide) are already available at the TNT planta, Most important, the red water
contalug no metal ions, and the Radford engineers believe that it can probably
be disposed of by simply mixing it with the spent sulfuric acid from the nitra-
tion. A separate reccvery step is thus completely eliminated. In the acid
recovery plant, all of the sulfur valuss of the ammonium sulfite would be re-
covered, and the ammonia values would be converted to nitrogen.

Use of Magnesium Sulfite

Purification with uagnesium sulflte was effected in a similar manner, except
that a more dilute solution was used because of its low water solubility, Four
pounds of sulfite (anbydrovs) are required per 100 lbs. crude TNT. 7Yields from
magnsgium sulfite purification are higher than those obtained with gellite,
Current selliting practice involves overtreatment, with an estimated loss of about

8% of 2,4,6~TNT; this loss would not be incurred with magnesium sulfite. Even with

optimum use of sellite, au proposed by Radford, the magnesium process would show
a yield advantags of 1 1/2k, A yield increase 18 of conelderable economic im=-
portunice, since it is estimuated that at full mobilization production, an increase
of 1% rasults in « saving of $1,000,000 por year.

Unlike the amménium sulfite process, the magnesium process is not complicated

by side reactions, and ylelds a product of high purity. Continuous eslliting
induces the formstion of small amounts of hexaniirobibenzyl and methyl pentanitro-
diphonylmethane. Work at Radford has shown that these materials are detrimental
to random crystallls “ion, which may lead to undeairable cracks and voids in the
shell fillings. These matirialy are not formed with magnesium sulfite.
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Magnesium process red water would be calcined back to magnesium oxide by the
following rudctions!

(6) MgSo, + 1/2 € » MgO + 50, + 1/2 CO,

It will be noted that magnesium sulfate behaves entirely differaently from sodium
sylfate (Iquation (1)) upon heating with carbon, since the former is comverted.
tu the oxide, which can be directly reconverted to the sulfite for reuse. The
carbon already present in the waste liquor may be sufficient without supplement,
In any case, the carbon requirement for Reaction (6), is only 1/4 that of Reac-
tion (1), Reaction (6) is already in wideapread commercial use in the paper

" industry, and for the scrubbing of powar plant flue gas. We have made contacts

in both aresd; thuse are axpsctaed to provide data and assistance in implementing
scaleup of the rad water recovery astap of the magnesium process.

The ammonium sulfite purification process is disclosed in US Patent
3,956,409 (May 1976); a patent is pending on the nmgnesium process.

Conclusions - : :
Anmuoniun and magnesiwu sulfites are superior to sodium aulfite for puxifying

TNT with respect to eane of red water disprssl and yield of TNT, The ammonium
process ruquires no spacial red water dispusal step, but is not now suitable for
coutinuous operation. The nagnesium procese yields a purer TNT than either of
the other two procusses, and is currently under astudy toward possible future
plant-scale use,

56
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PHYSICO-CHEMICO UNIT PROCE3SES FOR PURIFICATION
OF EXPLOBIVE PLANT EFFLUENTS

LTC ROBERT CARNAHAN and DON C. LINDSTEN
SANITARY SCIENCES DIVISION, MERADCOM
FORT BELVOIR, VIRGINIA 22060

ABSTRACT

The U.8. Army owns 17 Army Ammunition Plants (AAP) engaged in the
manufacture or lomding of propellents or explosives, Liguid weste
effluents from these plants must be purified to meat new and stringent
discharge standards. Various physico-chemico water purification unit
procusses are already known to be effective, or merit investigation,
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TIIE RELATIONSHIP BETWEEN FISH SIZE AND
THEIR RESPONSE TO UNDERWATER BLAST

John T. Yelverton and Donald R. Richmond
Lovelace Biomedical & Environmental
Research Institute, Inc.
Albuquerque, New Mexico 87116

The major objectives of this study were (1) to assess the toler-
ance of several species of fish to various levele of underwater blast
and (2) to use these data to develop a method for predicting the haz-
ard to fish for untested underwater blast exposure conditions. Second-
ary objectives were (1) to determine if there was any difference in
blast tolerance between fish with ducted swimbladders and those with
nonducted swimbladders, and (2) to confirm the assumption that over-
pressure impulse is the best parameter for evaluating the response of
fish to underwater blast.

Previous studies have demonstrated that, when an animal 1is ex-

posed to either airblast or underwater blast, the most serious inju-
ries occur to the gas-containing organs and their surrounding tissues.
In particular, the swimbladder s the tarpst organ in fish, except
for those species which have no swimbladder and are very resistant
to underwater shock. The airblast studies have indicated that, for.
a short-duration blast wave, the level of injury in a given animal
is primarily a function of the overpressure impulse, and that the
impulse required to produce 2 given level of injury divided by the
cube root of the animal's body mass tends to be approximately con-
stant, at least for similar species of mammals. .

Of the eight species of fish tested five had ducted swimbladders
(physostomes) and three had nonducted gwimbladders (physoclists). The
ducted-bladder species were top minnows (Gambusia affinis), goldfish
(Carrasius auratus), carp (C rinus carpio), railnbow trout (Salmo

alrdnerl), and c¢hannel cat ctalurue punctatus). The nonducted-
bladder species were guppies (Leb sted reticulatus), bluegills
(Loepomis macrochirus), and large mouth bass iMIcropterus galmoiJdes).
The major difference betwesn the two typese of fTish was the presence
of a pneumatic duct conhection between the bladder and the gut in the
physostomes and the lack of cne-in the physoclists. Because small
and large specimens were available within five of the species, a

total ot 13 body weight groups WR P, utilized. The average body weights
ranged from 0.02 to 744 g,

All tests were conducted in a freshwater pound. The surface di-
mensions were 420 x 150 ft with a 30-ft-doep, 100~ x 30-ft central
portion. The test pund was described in Reference 1,

-1, fuvorton, J. T., D. R, Ricmm’md W. Hicke, K. Saunders and E. R.

Fletcher, "The Relationship Beétween Flah 8ize and Their Response
to Underwater Bluat" Tarical Report, DNA 3677T, Defense Nuclear
Astncv. la-hinctou. u. C.. June 18 19785.

IR}
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The oxplosive charges used throughout this study were bare, 1-1b
spheres of pentolite with 3/16-inch detonator wells. DuPont E-99
electric blasting caps were used to initiate the charges.

There were four channels of pressure-time instrumentation. The
methods and equipment used for measuring and recording the blast waves
were basically the same as those described in References 2 and 3.

Most of the fish were tested in cages which consisted of cylin-
drical wire frames covered with small diameter nylon or plastic mesh.
The cages were constructed to fit the individual species so that they
could be held at an exact depth. The mesh covering ranged in size
from 1/4 to 7/8 inch. The largest mesh that would keep the fish from
escapling was used in order to minimize the amount of material that
could possibly shield the fish from the underwater shock. A majority
of the fish were tested one per cage and oriented side-on to the charge.
The small bluegills and the small goldfish were tested 6 or 10 per cage.
The cages were suspended from the center of the rigging thet spanned
the pond. The rigging consisted of a grid system that could be raised
or lowered to the desired depth by an electrically operated winch on
the bank., Top minnows and guppies which averaged less than 0.5 g in
body weight were not confined but were released from a dip net beneath
the water surface 1 sec before detonation and retrieved within 1 to 2
gsec afterward with a dip net.

Most of the tests were conducted with the fish at 1-ft depths and
with the charges detonated at 10-ft depths. The impulse and peak pres-
sure were varied by changing the slant range between the fish and the
charge. Small carp were also tested at 0.17- and 10-ft dopths with the
charges at 10 ft and the slant range varied. The top minnows and gup-
pies were at 0.25-ft depths. One series of tests was conducted with
small bluegills in which the charge and fish depths were varied but the
slant range was held constant. This made it possible to vary the sur-
face cut-off time, and thus the impulse dose, while keeping the peak
pressure constant.

By plotting the probit of mortality versus the logarithm of the
impulse, it was determined that the dose-response data for each spe-
cies of fish fell approximately along a straight line. For this rea-
son, & probit regression analysis was run on each s&t of data to obtain
an equation in the form of y = a+b logjg(x) where y was the percent
mortality in probit units and x was the logarithm of the impulse. IJn
goneral, the probit slopes, b, for one species exposed at several
depths or the slopes for large or small specimens of a specles were
not significantly different. In these instances a parallel probit

2, Richmond, D. R., J, T. Yelverton and E. R. Fletcher, "Far-Field
Underwater-Blast Injuries Produced by Small Charges,' Technical
Progress Report, DNA 30817, Defenwe Nuclear Agency, Washington,

"D, €., July 1, 1973,

. 3. VYelverton, J. T., D. R. Richmond, E. R. Fletcher and R. K. Jones,

"S8afe Distances Irom Underwater Explosions for Mammals and Birds,"
Technical Progress Report, DNA 3114T, Defense Nuclear Agency,
Washirngton, D. C., April 1973, -
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analysis was used resulting in a common slope for tho various regres-
sion lines, The probit equations as well as the impulses for 1-, 50-,
and 99-percent mortality (including confidence limits) computed from
the equations are presented in Table 1,

The assumption that impulse was the damage parameter was con-
firmed in tests wherein one species of fish was exposed at three dif-
ferent depths, Carp were tested at depths of 0,17, 1, and 10 ft,
respectively. As seen in Table 1, the individual LDgp impulse values
were not significantly different: 27.4 psi-'msec for carp at 0.17 ft,
23.5 psi-'msec for carp at 1 ft, and 26.2 psi-msec for those at 10 ft.
In contrast, the corresponding peak pressures associated with these
LD50- impulses varied considerably: 810 psi at 0.17 ft, 335 psi at 1 ft,
and 176 psi at 10 ft.

That the peak pressure was not the damage parameter was also dem-
onstrated in tests with small bluegill. They were placed at increas-
ing depths but at a constant slant range from the explosive charge
(Table 1). The peak preassure remained at 182 psi., In those instances,
the impulse and mortality increased with the depth of the fish.

Figure 1 is a log-log plot of LDgg impulse versus body weight
taken from the data in Table 1. A linear regression was obtained
using all of the data points, and the regression line and equation
ar? given in the figure., As can be seen, there was no detectable
difference between the ducted and nonducted fish in that the data for
both types fall close to the line. The figure also demonstrates that
the larger the fish, the larger the impulse required to produce 50«
percent mortality., This was true both within a species and between
sgei}gs. Further the slope of the line is near the predicted value
0 1)

Considering the data for all eight species and thirteen body -
welght groups, the impulse required to produce l-percent mortality
was 0.556 times the LDgo impulse, on the average. This factor wus
used to derive the l-percent mertality line in Figure 1. In a simi-
lay munner, the largest impulse at which no injuries were produced
wae determined to be 0,20 times the LDso impulse, on the average.
This factor was us¢d to derive the no-~injuries line in Figure 1,

The data prescnted in this report and in Reference 1 can be
used to predict ranges from underwnter explosions at which fish will
be killed and to predict ranges where there would be no-injuries.

It should be emphagized that these data should only be used to pre-
dicot fish responst under conditions analogous to those of this ex-
periment; that is, for underwater-blast waves having steep fronts
and short durations typical of those recorded in free water and neamr
the surface, There is uncertainty in predicting fish response at
long ranges from very large explosions because of the difficulty in
forecasting the impulse. At long ranges, the wave shape can be al-
tored by such things as water temperature gradients.
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TABLE 1
RESULTS OF PROBIT ANALYSIS

Depth of rorn Body ! Ingulse, pui:mees
pth of | Rumbhey LT ]
Speates Tish, 1t |of Piak |weight, & o, Weg ) Probit Squation
Ehxeqntomes |
ht Hinnow 0.48 ahe v.4? 1.3 2.4 ) « 2,00948. 518 loyx
Sambunis aftisiw) (B.0-1.8) | (3.6-3.8) | (7.1~18,8)
Small Goldfish 1 (V) 1.4 3.0 .2 1.8 w ~0.0TH+T.B8T Lloga
(CAFERSLUS (1.3=4,1) | (B.0=7.3) | (0.6~58.9)
Small Chanael Catfish 1 © 108 17,8 1.3 3.0 . 27, 70148, 308 logx
ClotalMEus RUASSAtYR) (4.4-43.2) | (37.4-43.1) [(40.0-300)
Small Carp 0.17 0 149 19.0 a7.4 3.0 ® <16, 119414, 406 loga
(CYAPARMS SALRiQ) (G.0-00,8) | (84.3-31.7) |(33.0:118)
b § [ 1] 117 16.7 15.8 83.1 » «10,440+158.64¢ logx
(10, 8<10,8) | (B1,8-38.8) {(wP.N=82.4)
10 £ 1 113 .9 0.1 483 |y = -8.300¢8.448 logn
(4,6-10.8) | (53.8-31,0) [¢35.0-103)
Minbow T out 1 [ 1] 145 19.0 40.7 .0 » = -8,438+410.207 logn
(Ralme ) (2.6-18.4) | (17.6-38.7) |27, 0-80a)
large Gstdfish 1 (] T3 13.0 24,0 .. = =B, TH6+7.087 logx
dn.:uul [T ) - . .
Large Charsel Catfimh 1 18 LE ) 19.8 3.4 a7 w =8,140+48.308 logn
(faalaris sunssatun : : :
Largs Carp 1 1 744 .1 " TR ] » 31011418, 844 logx
(hmm FTY/ TCY) - . .
Paaosliae:
y Pey o.18 " 0.08 0.7 1.7 4.4 " 3.607+3.516 logn
¢ 5 CRAALAAINA - " -
Cuppy Asult 0.18 » 0.13 1.0 N 7.9 = 2.40348. 018 lugx
(haiaar rassssa : : : :
Swall Bluogill 1 1T 4 1.4 4 €7 | 0.4 " <5, 083+10, 174 10gn
Clenemin )y [4on (0.0:0,1) | (M0T.8) | (8.9:40.0)
Large Blvegii) 1 %0 (1] 17,9 20,7 2.9 ~ WAU. OTEe34 B3] loga
(ﬂu. sauIgeRipun) (44,1=10.0) | (1p.8-21.) [(89.7-20.2)
Large Mouth Blaok Bass 1 4 148 16.0 .9 7.3 ® «317, 508418, 044 Logx

1=1b eharges Jotesatad at 10«1t mm'

S po-poranat csnfideses Limits
. SR=porcest ocunlidenss limits

ALl sthors wire Sh-perestt eonfidonse Limive
* glant ranwe Weld eeustant
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ENVIRONMENTAL ASSESSMENT OF THE USE OF EXPLOSIVES
FOR SELECTIVE REMOVAL OF EELURASS (ZOSTERA MARINA).

Michael Ludidig

Environnental Assessment Branch

National Marine Figheries Sarvice .
National Oceanic and Atmosphrric Administration
U.§, Departmaent of Commerce :
Milford, Connecticut 06460

ABSTRACT

Data ware obtained raegarding the biological and physical impacts asscciated with -
using explosives as a herbicide for eelgress (Zostera marina). Pemoval of the
rooted warine vegetation from an jrea approximatealy 122 meters wide and 550 matara
long within Niantic Estuary at Waterford, Caonnecticut has bsen proposed in an
attempt to improve water quality and containment of egg and lurval stagar of the
Bay Scallop (Argosnctogu irvadians). <Creation of a channel through dence stands
of eslgrasy should reestablish a perpistant tidal eddy in the inner estuary which
would improve dissolved Oxygen levelds and allow umore complate habitation of the
embaymint. Ralying on & physical model and 1ic situ-generated infermation from
both the private and public sectors it has been concludad that such an attempt,
with proper constraints, should ba allowed.

INTRODUCTION

During the 1930's, selgrass (Zostera msrina) A tubjacted to a_westing diseassa

' that caused exteansive disoffs of thls rovted warine vegetation.l The thallus

structuras of eslgrasy had been found tn be s primary location of Lay scallop
(AggggggfﬁFg irvadiuns) larval satcing prior to their establishment on tha
bottow within these vagatated .aveas.” It wad, therefors, expocted that #s the
salgrass heds died out bay siillop popuflniénn-wonld decréase. This expectation

was resl qkd along the coastline with the possible single exceptiou of the Niantd:
Estuary.’ | Locatad in Connecticut's esstérh-most New London County, Niantic Estuary
is almost sntirely land-locked, is relatively. shallov, snd hus minimal freshwacer

utirients ‘are #upplied 'to the arsa primarily frum uplend runctf

and & tidal prism that cycles approximatuly 51 percent of the estuary's low water

volume. Howsver, the raésidence time for a wateér particle from the northern ures

ad

1, Stevens, ﬁ,n.. H.R. Eiils and R.B. Stevens. Wasting and Recovery of Zostora
' § on the Atlsntic Coast of the United States. Plant Diseass Raporter,
- 341 337-262. ' '

ﬂ-2.,{Thqur. G.W. and H.H, Stuart, 1974. Thoe Bay Scallop makes its BDad uf Seagrass.

Mar. Fisher. Rev. 36 7t 2¥-30.
Marahall, N, 1960, Etudies of the Niantic River, Connecticut with Special
Raference to the Day 8¢allop, Axgopectan irrudidnqa Limnol. Ocesnugr, 5@

L 86%105.
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of the estuary is approximately 27 days. This is quite long for the small size

of the water body, tut the restrictive opening and resulting poor flushing

characteristics of the outer bay ares cause such a drawn out exchange.” The

reduction in plant biomass induced by ths eelgrass diseane allowed, within the |
. area, & more thorough flushing and creation of a tidal gyre in the upper reaches,

The gyre appears to have actad as & passive maintenance system for larval bay !

scallops while providing a mora thorough mixing of watere in this upper estuary j

reglon. Marshall's 1960 discucsion of this situation describus the scallops as

setting on red algae in the absence of eelgrass within the estuary. Apparently

the algae served as a suitacble substitute for the destroyed eelgrass. As eelgrass

reestablished {tself along the coastline it also revegetated the estuary and had,

by tho early 1960's, extensively reduced the tidally-generated gyre's persistance

and mixing capabilities. During this same period bay scallop production suffered

a serious decline. Compounding the roduction in numbers of juveniles the area

experienced a serles of concurrantly occuring harsh winters which had cnuned the

almost complete exclusion of bay scallops from the area.5

L]

INVOLVEMENT

In 1973, a local marine contractor, who had been experimenting with small charge
blawting to rumove aelygrass, was offerad the opportunity of using his technique
to remove the grses from a North-South bund along the central area of the estuary.
The National Marine Fisheries Sarvice's involvement wae stimulated by the unique-
nzes of those efforts and the need for U.S. Department of the Army permite to
parform this activity. Oux initial concorn was that the area selected for de-
foliation had not been chosen properly and that little coordinatad effort was
being made to insuruy environmental protaction of the area's resources. A liter~
ature review was undertaken in an attempt to begin to remedy these shortcomings.
The review revealed that the U.S, Coast Guard Academy had & functional hydraulice
model of the area and had performed axtensive oceanographic sampling therein. In
view of their previous involvement, and although the model had not baen verified,
the Coast Guard was asked to perform a series of model runs using simulated eel-
grass in an atcempt to identify the extont of yrase removal needad to resstablish
the tida) gyre. From those studias it was concluded that an 18 acre band approxi-
mately 550 meters long by 122 meters wide should be defoliated if the gyre was to
"be reestabliahed with a relatively high lavel of confidence and persistance.b

- Concurrent with the Cosst Cuard's modeling activities, the contractor demonstrated
" his technique with in situ observations buing performed on the detnnation of single
and multiple ehnruc-'us wall s & walghted length of detonation cord alone. Prior

b Koilwmycr. RaGe A Study of the Niantic River Estuary, NZsautic, Connecticut
' Report No. RDCGALB. Office of Réyearch and l'svelopment, U.S. Coust Guard
" Headquartdrm. Wawh., D.C. pp78,° :
‘5, Gauchur, T.A. and V. Lee. 1972.. Progress Report on the Prugrnm to Revitalize

.. the Bay Scallop in the Nisntic River Estuary. Prepared for: Waterford-East
" Lyms Shellfish Commission, Waterford-East Lyme, Connecticut. pp35.

T - 1) Knllncycr, ‘ReCs 1974=75, " Rasults of Modaeling lLetters to Reglonal Director,

e ; Nuttunal Marine Fiihttial Snrvtée.
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to elactrically triggering the chargds the contractar used even smaller charges
(fireworks) in. an effort to frighten finfish from the blast area. Those in
situ observations, performed -immediately after -the blasting, attempted to

quantify the extent nf biological perturbution experienced following each blaet
tachnique.

DISCUSSION

It was found that the physical impact on the substrate was a small, approximately
45 cm diamater by 15 to 20 cm deep crater. Finfimh impacts were quantified by
diver and surface collacting effor+s. It was noted that some stunned or killed
fish, even though equipped with ¢ -m bladders, failed to surface as a result of
entrapment in the ealgrass fronds and/or heavy predation by attracted American
eals (Anguilla xoetrata). The 1 to 3 meters of water depth in much of the
sstuary appears to, along with seasonality, limit the size of the finfish ueing
the area during lower tidal atages. This was verifiaed by the finding that the
finfiek wost impacted during experimental blasting were predominately juvenile
(0 or 1 year class) Atlantic silversides (Menidia menidia), rainhow smelt
(Osmerus mordax), Sticklebacks (Family GASTEROSTEIDAE), tomecod (Microgadus
tomcod), and blackfish (Tautougs onitis).

Initial counts of eelgrass density ranged from 80 to 140 stalks per square meter,
with some rockweed (fucus sp) and the green algae Codium sp intersparsed. Our
biclogical appraizal results appear to support those described by the Che-apeuke
Biological Labgratory (1948), Brown and Smith (1972) and Young (1973).7.,8,9
Relying on the data generated by those investigations and the mors recent work

of Gaspin (1975), it was concluded that minimization of water depths and iseal
coverage would do mych to minimize tha extent of biological perturbation,
Follow~up studies on those initial blasts have indicated that most soft-bodiad
invartebrates within cloge proximity to the blast crater suffered extensive mor-

tality. It should be noted that f?i' substrate 1s generaily a silt/sand composi-
tion, typical of ealgrass stands.

7. » 1948, tffacts of Underwater Explosions on Oysters, Craba and Fish.
Publication No. 70, Chesapaake Biological Laboratory fur the Stats of
Maryland, Board .of Natural Resourcas, Dapt. of Research and Education. ppé43d

8., Brown, .C.L. and:R.H. Smith. 1972, Effects of Underwater Demolition on the

Environment in a small tropical marind cove. NUSC Technical Report 4439,
Nival Underuster Systems Center. ppl8
9. Young, G.A. 1973, Guidelines For Evaluating the Environmuntal Effects of
Undovultar Explation Tast, Explolionl .Rassarch Dept., Undarwacer Explosiona
Division, Naval Ordinance Laboratory, White Oak, Silver Spring, Md. pp9l
10, Gaspin, J.B. 1#75. Experimentcl Investigations of the Bffects of Underwater
Explosions on Swinbladder Fish, 1} 1973 Chevapeake Bay Testé: Naval Suriacu

, Weapons. Center, White Gak, Silver Spring, Md. ppdDd

11. Marshall, N. apd K. Lukas, 1970, Preliminary Observations on ch- Propurciua
. of Bottom Sediments. with and vithou: Eelgrass, Zostera marina Jover. In:

‘ Procncdin;l ot thc ﬂltionul thll!iahnricl Asso. 60: 107-111.
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The hard shelled invertebrates, such as quohog (Mercenaria mercenaria), channeled
whelk (Busycon canaliculatum), bay scallops (Argopectens irradians), and hermlit
crab (Pagurus ©p) were apparently, in both the shert and long-term, unaffected

by the blasts unless directly beneath or in extremely close proximity to the

point of detonation, In that approximately 0.25 square meter area total mortal-
ity was observed, but recclonizatlion by opportunistic species was well advanced
within a two week period. During the next eight weeks the eelgrass exparienced

a remarkable orderly dieback. In o instance was the disappearance less than
complete along an expanding circle of defoliation., In the case of the single
charged detonaticns the circular defoliation had a final dismeter of approximately
‘eeven to eight meters. The chain or string detonations created overlapping =ings
of impact ultimately clearing a rectangular area approximately 40 meters long and
7 to 8 meters wide., The detonation cord created a similar impact but the final
zone of influence was limited to approximately 2 to 4 meters of total width. Re-
moval was restricted to eelgrasa, with Codium and rockweed thriving in the defoli-
ated areas foiluvwing eight weeks. The cause of this orderly species-specific
defeliation is hypothesized as being the result of a disruption of the cellular
structures within the rhizomes. The disruption could also have stimulated bilo-
loglcal attacks on these structures. Such conditions represent cne possible
explanation for the extensiveness of the dieoff, since initial cell rupture did
not appear &8 widewpread in avea as the dieoffs ultimately cdvered. As the cell-
uiar destruction radiated outward the thallus structures separated in a manner
reniniscont of nevmal exfoliation during the late autumn or winter period. Ex-
anination of the alzomes, however, clearly indicated cell wall faeilure intecnally
while the enidermal fibers continued to hold the structure together.

To assess the phyeival and biological impact of the removal, a pre and post acti-
vity monitoring program has baen established. In situ sempling and a literature
revicw of ares finfish resourcus -was also used in an attempt to identify the most
appropr late time frame for this activity. The monitoring program relies heavily
on water quality parameters as .indicators of the effectiveness of the effort,
Using temperature data collected at three poilnts concurrently with disaolved
oxygen lavels it i~ hoped that following thé removal scheduled for October 1l3th
through Decembar 15th, 1976, clear evidence will be obtained regarding the effec-
tiveness »f this potentially useful technique.

The restrictions which have been incovporated within the Department of the Army
permit fur this activity inclvie: '

1, Two full years of inoaitoring

2. Blasting will not encompass more than % acre ver shet
and only after adequate precautions have been taken.

3. Blasting will vccur between October 15th and December 15th
and during the lower half of each tidal cycle,

A et o e s T =
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4. Monitoring stations will ba at the head and fobt.of the
blart srea with a third being in tha area of the gyre's
appesrance.

5. Collections willi be ez least dublicntae of surface and
bottom recordings.

6. Rasults are to be prasentad at least bi-snnually to the
involved groups. .

Fron thase stipulations it is our hope thet che envirormental impart of the total
effort can be assessed for cthis site and app.ied to other localea when or if
eelgrass removal is deamed necessary or dssirable.

68
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UNDERWATER EXPLOSION LEVELS EVALUATED BY SWIMMER

Donald R, Richmond
Lovelace Biomedical & Environmental
Research Ianstitute, Inc.
Albuquerque, New Mexico 87115

Introduction

In 1969 an underwater test facllity was constructed specifically
to study bilological effects produred by underwater blasts. Experi-
ments were conducted to determine the ranges from small charges that
were lethal, injurious, or noninjurious to several species of mammals,
birds, and fish‘ It was reasonably well established that the impulse
(integral pdt) in the underwater-blast wave was the parameter that
governed biological damage.

The results of one study demonstrated that large animals were not
injured at impulse levels of 2 psi-msec (Ref. 1), During that study a
swimmer evaluated the 2 psi-'msec underwater-blast level. Based on the
results of that study, minimum stand-off ranges for unprotected swim-
mers near underwater explosinns were complled (Raf. 2). Because the
2 pesi‘mesec criterion was based on one set of underwater-blast exposure
conditions, namely, swimmer with head above the surface and a small
charge at a 10-ft depth of burst, the criterion had definite con-
straints. The criterion applied to an underwater blest having a sim-
ple exponential waveform, It did not apply to distorted, double, or
repeated pulses. These pulsss could be expected when charges were
detonated on the bottom, encountered near reflecting surfaces, or from
multiple bursty. The ariterion was limited to operations in deep, open
water; swimmer within 10 ft of the surface; charges smaller than 50 1lb;
charge depths ot 30 ft or less; and impulse levels of 2 psi-msec with
agsocinted peak pressures limiited to 50 psi,

The purpose of this report is to present additional data on im-
pulse levels pustained by a swimmer in configurations which removed
most of the above constraints. The following conditions were evalu-

ated: underwater blasts from charges larger than 50 1h, underwater
blasts from charges fired at depths greater than 30 ft, underwater
blasts with high peak pressures, and nonexponential waveforms

1. Richmond, D. R., J. T. Yelverton, and E, R. Fletcher, '"Far-Fleld
Underwater-Blast Injuries Produced by Small Charges,'" Technical
Progress Report, DNA-3081T, Department of Defense, Defense Nuclear

Agency. Washington, D. C,, '1 July 1873.

2. Christian, E, A, and C. J. Aronson, 'Minimum Allowable Standoif
‘Ranges for Swimmers Operating Near Underwater Explosions," pp.

1477-1501, Vol. I, Minutes of the PFifteenth Explomsives Safety
ifornia, Depart-

. Seminar, 18-20 September 1073, San Francisco, Ca
. ment 05 Defense Expionives Bafaty Board, Washington, D. C.
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generated by bottom reflections, In addition, reflections near an ob-
stacle were tested. Finmnlly, the effects of underwater explosions on
the ears were evaluated.

Results

Series 1: 1-Lb Charges, 10-Ft Depth of Burst. This series was
the initial test to evaluate impulise levels of 2 psi‘'msec and above
from 1-1b charges fired at 10-ft depths of burst. This configuration
corresponded to the one commonly used with animal specimens. The peak
pressures were on the order of 100 psi. The subject wus standing,
neck deep, facing the charge, in the southeast corner of the test ponud
except on Shot 193 when he wus treading water beneath the center of
the east rigging. The charges were placed along the main axis of the
pond that ran from east to west.

The sensations produced by the underwater blasts along with the
pressure-time parameters for Series 1 appear in Table 1. Only slight
pings were felt at the lower abdomen at impulse levels renging from
1.9 to 3.0 psi‘msec., These levels were tolerable and did not produce
any discomfqrt. At impulse levels above 3 psi-msec, a transient,
stinging sensation over the entire front body surface was evident,
but was also tolerable.

Series 2: Open Water Tests. These tests were to assess impulse
levels of near 2 psi'-msec from larger charges in open woter with some
detonations at greater depths. Six tests were run: three in a large
bay where the water was 150 ft deep and the bottom was of muddy or-
ganic material, and three in a river where the water was 25 ft deep
an¢ the bottom was sandy. As usual, the swimmer was fucing the charge,
wearing swim trunks only (no life Jacket), and was tremding water.

Since the depth-of-burst was fairly deep on the first three fir-
ings in water 150 ft deep, the perk pressures associated with the im-
pulses were near 100 psi. In the tests conducted in the water 25 ft
desep, the peak pressures were near 50-80 psi. Pressure-time patterns
were not recorded adjacont to-the swimmer during the open water tests,
they were calculated.

Only minimal sensations were experienced by the swimmer during
the open water tests:(Table 1). These were slight pings and thump-
like mensations felt at the lower abdomin or pelvic region. There
were no sensations felt at the thorax. None of the sensations pro-
duced any discomfort.

Series 3: Impulses With High Penk Pressures. These t{rmsts were
to evaluate the effects of impulses with high peak pressures. High
peak pressures were obtained b placing the chirges at shallow depths
of burst (1 ft). The subject was :tanding, neck deep, 1i; the south-
east corner of the pond and the charges were placed along the main
axis of the pond. One exception was oa Shot 7E, 9/6/73, when the 0.5-
1b charge was 45 It from the suutheaat corner Ca- a line toward the

northwest corner.

\ Only a slight thump at the pelvic recion WAS expertenced by the .
subject from s 2,.6~1d chargo detonated -at a ronge.of 81 ft. The im-
pulse was 1.1 psi-msoc and the peak pressure was 218 psi with a ocut-
off time of 0.005 msec, Table 1,
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Series 4: Evaluation of Scund from Underwater Blast, These
tests were to determine whether or not the sound heard from an under-
water-blagt wave having an impulse of 2 psi.mssc would be acceptable.
The plan was to have the swimmer's ears at a 1-ft depth and decrease.
the range of the charge until an impulse of 2 psi-msec was reached or
tinnitus (ringing in the ears) was experienced. The swimmer wore the
upper hialf of a wet sult during these tests.

Preliminary tests involved the use of blasting caps as the explo-
sive source. The subject was beneath the main rigging, upright in the
water, facing the charge with ears at a 1-ft depth. The blastling caps
were detonated at 10-ft depths to the east of the main rigging. Dis-
tances from the charge ranged from 100 to 25 ft with the highest im-
pulse being 1.3 psi-msec with a corresponding peak pressure of 52 psi.

As seen in Table 1, none of the sound levels associated with im~-
pulses ranging from 0.28 to 1.3 psl-msec were uncomfortable to the
subject. The sounds neard were about the same as from a small pistol,
10 ft away, fired in air.

Next, 0.5-1b rentolite charges were detonated at 10-ft depths
with the swimmer at the southeast corner of the pond, The subject
faced the charge with ears at a 1-ft depth. The charges were sus-
pended from a line extending from the southeast corner to the north-~
west corner of the pond.

No tinnitus or discomfort was experienced during the 0.5-1b
charge firings. There was never any pressure felt at or inside the
subject's ears. The sound was similar to that heard from the blasting
caps.

Series 5: Underwater Blast Near a Reflector. Series 5 tests were
to obtaln information on the effects of underwater blasts near an ob-
stacle or reflecting surface. The reflecting surface was a 4- by 8-
ft stuwel plate, 5/8-in-thick, which was hung trom a large raft located
toward the west end of the test pond. The plate was perpendicular to
the main axis of the pond with its upper margin 6 in above the water
surface. Two tests were run. On the first test (414) the subject was
upright in the water, head out of the water, with his right shoulder
against the steel plate. On the second test (41B) he was in a supine
position, 1 £t from the reflecting plate with head out of the water,

Table 1 shows the results obtained with the subject was against
and at 1 ft from the reflecting plate with 1-lb charges detonated at
a range of 130 ft with a 5~-ft depth of burst. As anticipated, only
weak pings were felt from the direct wave and its reflection firom the
reflecting plate. However, a moderate blow at the base of the spine
was delivered by the reflection from the bottom or from the west bank
of the pond. This was different and more intense than the other sen-
sations experienced on prior tests. This moderate blow to the lower
spine was also encountered on the second shot of this series when the
srb%oct was horizontal to the surface and 1 ft from the reflecting
plate. | _

Series 6: Wet Suit. Two tests were conducted to determine what
influence & wet suit might have on the sensations produced by the

-underwater blast. The wet sult was 3/8 in. thick. The subject wore

both the top and bottom porticns ot the wet suit, He was standing in
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the southeast corner of the pond, neck deep, 115 ft from a 1-1b charge
detonated at a 10-ft depth,

Table 1 shows the results obtained when the swimmer, clad in a
wet sult, received an impulse of 3 psi-msec. The wet suit reduced the
blust sensations from what was felt with swim trunks only. On the
first shot, 31A, the lower leg portion of the wet suit was unzipped
and a trangsient sting was felt on the uncovered portion of the body.
On the following shot, 31B, the wet suit was zipped closed and there
was a noticeable reduction in the effect., The sting sensation was
reduced to a weak thump.

Bottom Reflecticns. The bottom reflections measured on some of
the tests were characterized by a finite rise to the peak pressure
that occurred about midway in the wave. The peak pressures were con-
siderably less than in the direct shocks but the impulses were larger
because the durations were longer by a factor of about 10,

The peak pressures in the reflected waves ranged from between 15
and 38 puil and, in one case, 98 psi. Impulse values recorded at 1-ft
depths ranged from 2.5 to 8.7 psi-'msec--durations were on the order
of tenths of milliseconds. Usually, there were several such bottom
reflections on a record, but only the larger ones were selected to
compute the impulse.

In most instances, the bottom reflections did not add to the sen-
sations reported in Table 1, an exception was during Series 5.

Discussion

The present study has provided information that permits the lift-
ing of some of the constraints on the application of the minimal allow-

~able stand-off ranges described in the introduction of this report.

~ To begin with, the sensations experienced from the detonation of
larger charges in deep, open water, including some with burst depths
greater than 30 ft, were mild and indistinguishable from those received
from small charges in the test pond facility.

Distorted wave shapes from the bottom reflections having impulses
well above 2 psi-msec, but with lower peak pressures than in the di-
rect wave, were experienced and found, for the most part, not to pro-
duce any discomfort. Many of the pressure-time recordings showed that
the bottom reflections were actually a series of repeated pulses.
Since the multiple reflections did not produce discomfort, it can be
assumed that any individual wave in this series would not produce dis-
comfort.

Double pulwes that totaled 2 psi-mse~, consisting of incident and
reflected waves, were evaluated when the awimmer was against or near
an obstacle. This was found to have no undesirable affect.

In regard to the constraint on the peak pressure allowable with
an impulse of 2 pei-msec, there was but limited pertinent data from

the present study.

The data suggest that peak pressures up to 100 pei, dssociated
with waves having impulwes of 2 pai-'meec, would be tolerable to a ' '
swimmer with head out of the water, The highest peak pressure, with
lﬂ-ih;nllé of 2 psi-mpec, evaluated on the ears was 71 pai.

or practical reasons it must be remembered that in order to get .

low impulses and high peak pressures the charge and swimmer
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must be very near the surface. In an actual situation, this becomes
dangerous because small differences in the depth of burst or depth of
swimmer that cannot be easily controlled would greatly increase the
blast effect. W

According to the informaticn in Reference 1, one would not expect
any lesions from underwater blasts in large animals subjected to im-
pulses of less than 10 psi‘'msec. Above 10 pmi-msec, small areas of
contusions on the lining of the gastrointestinal track begin to occur
along with petechial lung hemorrhages. The incidence and severity of
these lesions increased with greater impulse levels.

Reference 1 also gives information on dog eardrum rupture result-
ing from 1-1b charges fired at 10-ft depths of burst wherein dogs were
tested right~side-on with ears 1 ft deep. There were no eardrums rup-
tured in three animals at an impulse of 12.4 psi-rsec with an associ-
ated peak pressure of 215 psi (range, 60 ft). One out of 11 (9%) ear-
drums were ruptured at an impulse of 19.2 psi'msec and an associated
peak pressure of 202 psi (range, 45 ft). There were 8 out of 22 (36%)
eardrums ruptured at impulses of 20-23 psi-msec and a peak pressure
of 307-328 psi (range, 40 ft).

These data give some indication of the margin between injurious
and noninjurious underwater-blast levels and those experienced in
the present study which spanned the comfort-discomfort range for 'un-
protected swimmers.

TABLE 1
UNDERVATER BLAST PARAMBTERS RVALUATRD BY GWIMMER
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TARLE 1 (Osativued)

UNDERVATER BLABT PARAMETEAD EVALUATED BY SWllGES
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NAVAL SURFACE WEAPONS CENTFR KXPERIMENTS ON
FISH DAMAGE BY UNDERWATER EXPLOSIONE

by Joel B. Gaspin
Kaval Surface Weapons Center

Here at the Naval Surface Weapons Center (NSWC) we are in the
business of detonating underwater explosions. We do this to conduct
research on explosion phenomens as well as in the tesiing of warheads
and weapon systems. Of course we are required to consider the adverse
environmental effects of this work. One of the major effecta is damage
done to the local fish populstion. We have been studying the effects
of undervater explosions on swimbladder fish (which include most fish
with sport or commercial value) with the aim of predicting and controlling
the damage done by our operations. B8ince becoming involved in this work,
we have become aware of other groups, in the private sector as well aa
state and federal goverament, whc are doing demolition, construction,
seismic exploration #t sea and various other operations using underwater
explosions. These groups share cur need to predict and control fish
daniage, In order to make these predictions, we need to know the pressure
wvaveform put out into the water by the explosion, a bio-response theory
to calculate the dumage done to a fish by this pressure vave, wad a
population estimate (species and density). In this talk I will describe
the expesrimental vork we¢ have done as part of developing and validating
& bio~respanse theory. In order to validate the theory we need explosion
pressure-time data at & given position, an evaluation of the Camage done
to a fish at that position, mnd a measure of the sawimbladder volume
(one of the parameters in the btio-response theory). NOWC, in asmociation
with the Cheasapeake Biclogical Laboratory (CBL) of the University of
Maryland, pertorved twe large-scale Cleld programe to gather vressure-~time
sud fish damage data (swimbladder volumes were measured in a laboratory
effort at CHL).

8lide 1

The first cei of teats vas perforaned in the Summer of 1973 in 150-~feet
of water in the Chesapeake Bay. Fish were placed in plastic mesh cages
at various distances and depths from underwater sxplosions, The horizontal
extent of this setup was up to about 1000 feet. The pressures in the
vater at esch cage position wers recorded snd each specimen was dimsected
and its dsnmage evaluated. The swinmbladder fish used vere white perch
and spot, with hogohokers as a non-swimbladder control. Explosive charges
from 1 to TO pounds were ussd. Elevan shots were fired in this sexies.
The major limitation was that, dus to local swascnal conditions, there
vaz ineufficient dissolved oxygen to support fish life delow about 20-feet.
Ian order to gsther deeper data, and to include more apscies, a second
test series was performed in the Spring of 1975,

_ gliae 2

The test design wun'uimilax.to the 1973 weries, sxcept that the
cuge and preusure gage array vas configured vertically, with fish placed

at depths from 5 to 100«feet, &t a pingle horizontal range from

T5
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the charge, on each shot, of 40 to 300 feet. In addition to the species
used in the 1973 series, ve used toadfish, white catfish, bluerish,
croaker, menhaden, blueback herring and striped killifish. B5ix exploslve
shots, with eharge weights of 1.25 and 70 pounds, were fired in this
gseries,

Slide 3

After each shot, the rish specimens were retrieved and dimsected,
and the dammge evaluated in terms of the five numerical categories. Fish
damaged mt level 2 woull be unlikely to survive in the wild, as they would
be subject to selective predation. If kept in a holding tank, awey from
predators, dumged fish which were not killed by the explosion, showed a
remsrkable ability to survive and heal their wounds.

S1lide b

Before we look at a sample of the preasure-time data, let's see what
presgsure pulses the fish would bs exposed to. The first pulse to reach
the fish is the direct shock wave, which travels a direct path to the
point of obmervation. Next, the surface reflectign of the direct shock
arrives. The positive shock wave undergoes a 180" phase shift upon
reflection at the water surface, and is transmitted as a negative
pressure vave. The third arrival is the bottom reflected shock wave.
This may be sither posmitive or negstive, depending on bottom type and
experimental geometry. Ia our tasts, the bottom reflection was usually
negative,

Blide 5

Here is the output of one pressurs gage recorded on tape at two gain
settings. The low-gain record is used to get the details of the direct
shock wave. The high-gain record is set to overload on the direct shook
vave, and 1s used to study the detalls of the lower secondary pressures.
On the left of the low-gain record we see the direct shook arrivel as
& near-instantanesous rise to a peak pressure, folloved by a slovly
decaying, roughly exponential tail. "The surface reflection arrival
is marked by an abrupt drop to below ambient hydrostatic pressurs.

The details of the surface reflected vaveform are best studied on the
high gain record. After a time, the pressuro returns to ambient. Later,
the negative botton reflection arrives. It is the aim of sur bilo-reaponse
theory to relate the obmsrved damage in tha test specimens to the details
of this type of pressure record through a caloulstion of the dynemical
wotion of the swimbladder under explosive pressure losding.

Slide 6

This table summarizes the scope of the data set collacted from our
two rield-test programs. This comprises the resuits of seventeen explosive
shote, Ths indicated ranges of variables for charge veights and depths,
and fish depths and horizontal ranges have been ressonably thoroughly
covered. We have about 270 high quality, broad band reccrdings of the
pressure vavuforms at fish ocsge locationt. These recordings ars either
on uagnetic taps or oseilliscope camera rocords. Wa also, huva the nuserical
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uvnlmtion of dmge fo about .2600 lpouimna which were dissected.

‘ In the next talk, John Gousrtner s1ill discuss tho model of the dynmmical
motion of the nimbla.ddor, and the correlations between the preuure-tima
and htoloaicu dnu. .

'I.'ht gomplota dotuu- or these test nr:l.u sre given in thn follovlng
two referencesi

Josl B, Oupin. "lxporimeut..l Invant:l.gat:lonl of the Effscts of Undervater
Explosions on Bwimbladder Fish, I: 1974 Chesapeake Bay !l'u'tal. :
NEWC/WOL/TR T5~58, 20 June 1975.

, : Joel B. Gaspin, Martin L. Wiley and Craig B. Peters, "Experimental
' Investigations »f the Effects of Undervater Explon:lonl on Swimbledder
Fish, II: 197% Chesapeauke Bay Tests," NSWC/WOL/TR T6-61, 21 a.ptanb.r 1976
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' _DAMAO! LEVELS

0 NODAMAGE
1 LIGHT HBNNHHAOI‘MG
2 WIDESPREAD HIWRRHAING, SOME KIDNEY DAMAGE

3 BURST sWiM BLADDER, INTERNAL ORGAN DAMAGE,
GROSS KIDNEY DAMAGE

4 BODY WALL PARTIALLY BREACHED, BURST SWIM BLADDER,
GROSS INTERNAL ORGAN DAMAQGE

SLIDE 3

PRESSURE WAVES

WATER SURFACE

\
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PRESSURE - TIME RECORDS
76 LBS PENTOLITE, 30 FY DOB,
200 FT RANGE, GAGE DEPTH: 45 FT

W

. LOW GAIN

HIGH GAIN

-— s - e e e s

sLiDE B

DATA SUMMARY

CHANGE WEIGHTS: 1 - 72POUNDS

'CHARGE DEPTHS! & - 70 FRET

FISH DEPTHE: 6 - 100 FERT

FISH RANGRS: 40 - 760 PUET

PISH DAMAGE DATA: ~ 2000 SHECIMENS DISSECTED, § SPECIES
PHESSURE-TIME DATA: ~270 RECONDS

SLIDR 4
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#: ' DYNAMICAL MOJEL FGR EXPLOSION INJURY TO FISH

John ¥, Coertner
Naval Surface Weapons Center

To interpret the resulte of the Chesapeake Bay TJests described in
the preceding paper by Gaapin we hypothesized & damage mechanism
(Figure 1), This hypothesis was that the fishes' internal injuries
can be related to dynamicsl osclllations of ite gas~filled swim bladder
in responee to the pressure field from the underwater explosion.

o MDA SR A

In this work we represented the swim bladder (Figure 2} by & spherical
bubble of air and caloulsted its response to the changing outside pressure
due to the. underwater explosion. This response-~a sequence of radiel
ogselllations—--was calculated using the classical hydrodynamlic theory for
inviscid flow. (For these calculations we used the work of Kennard
(1943) and Snay and Christian (19%2).)

S o e che) o

TR

Figure 3 is a sketch showing the air bubble response to & square-
step positive pressure followed by a4 constant negative pressure. The
tension cor negative pressure is anslogous to what happens in the underwater
| F explosion when the rarefaction reflected from the water surface arrives

’ at the fish. The case on the left shows the negative pressure arriviug
i at the time of an exnansion causing the minimum amount of radius overshoot
at negative preesure. On the righi 1s the case where the negative
pressure arrives at the instant of a compression causing the maximum
amount of radiua overshoot at negative pressure, These two cases are
] , the extremes of this resonance phenomenon., The same resonance phenomenon
B oucurs in underwater explosions with the arrival of the surface relection.

o

Figure 4 shcws the calculated response to an underwater explosion
pressure wave, Below the pressure~time traces, we phow the relative
slzes of the sphericsl bubble at its successive extrema. The first
i compression-~radius designated by Ayry--im always the smallest. The
largest wadius, Aypy, generally occurs during the final exponsion.

Fron: the ratio AMAX AMIN» we form the damage parameter, 100 LOGy (Amax/
Ayrn)e for expivsion injury to fish.

i

Pigure 5 was reproduced from Yelverton, Richmond, et &l (1975) and
wag Bleo w2d to describe the results of their experiments in their paper
given at this Conference.

Flgure 6 wap derived from Figure 5 by meking use of the experimentally
observed line ulopes of 1/3 to define the Impulse Damage Parameter »
80 1oGg(:/ML/3), vhere I is the impulse in psi-msec of the positive :
porticl of the pressurc wave und M is the mass in grams of the fish. 5

The valuz, 80, of the arbitrary conatant was calculated to correspond .
to the value, 100, in the Bladder (scilletion Parameter =100 LOGy !
s (Amax/fyin) the dnmage paruwieter sefired in Flgure 4, The curve is the !

. cunulative Jogistiz probebili*y function with mesn and variability perameter
L titted to the Levelace Foundation redults shown {n Figure 5.

TR e
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level 3 injuries consist of wevere 'hemorrhaging throughout the body
cavity, gross kidney demsge, and the gas bladder is ususlly burst.
Level 3 injury has been shown to correspond to the vigible fish-kill
on underwuater exnloslon tesgts; erd eorresdovin apyroximately to the
2h~hr mortaliivy used by the Lovelace Foundation (FM.gure 7).

Results for 1500 Spot and White Perch from the 1973 and 1975
Chesapeake Bay Explosion Tests are shown plotted in Figure 8 as &
function of the Impulse Damage Parametar. Each data point represents
the average ol from 5 to 20 fish. The plot shows thet the Impulse
Damage Parameter does not describe this data.

¥igure 7 is ldentical to Figure 8 except that data pointa vhere the
bladder response calculation showed more than one cycle to have occurred
during the poaitive phase have been removed. Thus, the Impulse Damage . :
Paramcter describes those cases where the charge and/or the fish were at '/ -
shallow enough depth so that only one or less cycles of oscillation S e
occurred before surface reflection. The curve iy the averuged curve '
from Figure 6~-the Lovelace Foundation result. It alsn describes this
datu.

Figure 10 shows all of the Bpot and White Perch level 3 injury date
from the Chesapeake Bay Explosion Tests plotted as a function of this
talculated damag. parameter. The Bladder Oscillabtion Paramater derived
from the dynamical responge of the swimbludder describes the complete
get of results for Spot and White Perch I.om these tests.

Figure 11 is identical to Figure 10 except that the White Perch
data have been removed leaving only the results for some TOO Spot.
The curve shows the Cumulative Logistic Probability Function,

1

) s Which wvas fitted analytically to this
1 + EXP[-0,055(2-125) ] '

data. The curve pesses the chi square test of goodness of it at the
5% significence level, For the present we plan to use this curve to
reprosent all of our Spot and White lPerch data from these tests for the
purpose of msking fish-kill predictions.

.Figure 12 4s identical to Figure 10 except thet the curve ritted to
the Bpot dwta (Figure 11) has been added.

When the charge and/ox the fish are sufficiently shallow so that
one or less. cycles of blsdder cscillation occur during the positive
phase of tlie pressure wave ve may use eilther or both the Impulse

. Damage Payameter and the Bladder Oscillation Parameter to descridbe the

kill probubility (Figure 13). Whqn the geometry of the explosion is
deaper and more than one cycle of vscillation occurs .8 in Figure L,
only the Bladdor Oscillation Parnmster applies,

The curves shown in Flgure' lh ara caloulated from the Bladder

- Oscillation Parameter using the nqnulpmiva pwpbnbility function detcribed

in Figire li., The "Bladder Rediys" '{s the apherical bubble radius used

‘for the dynanical rcuponlo caloulstion. ‘The "Roskfigh Length" is the
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estimated size of a Rockfish (Striped Bass) corresponding to the effective
bladder radius.

The caloulated curves for the kill probabllity are a complex function
of the fishes' depth in the water column. They slso change in a complex
manner for different sized fish. The "hump" in the kill-probability
curves for the two larger £ish 1ls due to the resonance which oceurs
vhen the gurface reflection arrives during the first compression of the
pwim bladder. Thus, the surface reflection protects these larger fish
at.ahallow deptho, but dqges them in at the resonance depth.

Figure 15 shows the regions of greater than 108, 50% and 90% kill
predicted by our results for 8.5" White Perch for T0O 1bs pentolite
at 30 ft depth. This plot gives further evidence of the strong
dependence of the kill probability on the fishes' depth, Also, regions
of less than 50% kill--since they encompass a tremendous volume of
vater--make a major contribution to the total number of fish killed by
an underwater explosion. In order to predict the total rish-kill it
is necessary to sum-up or integrate the product of kill probability
and fiszh density (number of fish per unit volumc) over the region
surrounding the explosion,

In summary, the kil). probability is determined by the dynamical '
oscillations of the fishes' swim bladder. This dynamical response can
be calculated from the underwater explosion pressure-time function.

References

Goertner, J. F., "Dynamical Model for Explosion Injury to Fish",
NEWC/WOL/TR in preparation

Kennard, E. H., 1943, "Radial Motion of Water Surrounding & Sphere of

‘Gas in Relation to Pressure Waves', published in Vol. II of "Underwater

Explosion Resemrch", Office of Naval Resesrch, 1950.

fSnay, H. G., and Christian, E, A., 1952, "Underwater Fxplosion Plienomena.:
The Parameters ol a Non-Migrating Bubble Oscillating in an Incompressible
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The Ability of some Chesapeake Bay Fishes

to Compen%ate for Changes in Pressure

Martin L. Wiley and Greig B, Peters

| A : Chesapeake Biologicai Laboratory, Solomons, Mafyland

Experiments on white perch (Mqrégg ameriéanq) and spot'(Leiostomun

xanthurus) were conducted in a pressure chamber to determine the rates

at which the fish could equilibrate to chnngéa'in h&drostatic pressure by

T e S T v+ et T i et = ¢ e

sscretion into or resorﬁtion of gas from the swimbladder. The equilibration

rateé of white perch in response to increases in pressure, rises with in-

creniihg temperature, but equilibration to reductions in pressure 1s less

dependent on temperature. Spot of all aizes equilibrate to increaeiﬁg

—

pressure at the spame rate, up to the equivalent of 1l meters depth. At

s

greater pressure, the largest spot equilibrate at a greater rate than

smaller fish.

T

*In both species, the rate of equilibration falls as the depth (pres-

. ure) increases, th the resorption rates in both are independent of depth -
(Fiﬁ. ;). Fof examp le, qt.18°c. whlte.perch can equilibrate to a descent
(secretion of sai) of 3.6 meters iﬁ 24 hours, and resorb thae amount of gas

: :n{:“ _ gﬁncriead in that time in 3.5 hours.. Spot can equilibrate to & descent

é g éiacfntion of gas) of 11.2 meters in 24 hours and resorb the anount of gas

' goﬁeratod. in thet time in 1 hour. | .

 White parch maintain near near-huutral buoyancy but quickly lose their

; ' N : - bulanua a3 the pressure is increa-ed to the aquivalent of 8 metern depth,

é': E W ; K g_luon bocomo axhausted by nhe uLvugala to remuin upright, nnd upparently

-;c.nle co sscrete. gas into tha swimbladder. Bpot. in contrast, relpond to

i ‘f M. ." -“--'“Jpranlura inc:nnne- of up co 3. utmouphereu (= 30 meters d.p:h) by dlightly '

N 1ncrcnsing thu rutw ot poLtoral fin best but nhow no nignn of ntreau.
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Observations on fish caught at various depths by trawl revealed that
several estuarine apecies were generally nagatively' buoyant and quite vari-
able in the depth to which thay were acclimated (Table 1, Figs. 2, 3).
Benthic species were the most pega:ively buoyant, but they exhibited less
interspecific variation t;han the species that remain above the bottom.
The activity of fish can have a great influence on the buoyancy they main-
tain. ﬁhito pc‘z;'ch were the least active during winter and were more neu-
t:rilly buoyant then than in spring or summer. The swimhladder daﬁage
exhibited by trawled fish was dependent on both the buoyaticy that th~ fish
mintaix;ed b‘efore capture and the tolerance of the swimbladder to excessive
internal pressures (Figa. 4, 5). Both of th_ese conditions appear to be
upec:l.‘el spacific. The species sampled are not expected to suffer swim-
bladder damage when collected from depths of 9 meters or less. Frequency
of dunuga_to fish caught at greater depths ia dependent on the species and

the depth at which individuals had recently been acclimated,

Table 1. 'Specles of fish for whit¢h buoyancy was determined. - means that
the apecies was always negatively buoyant, # indicates that the species was
usually neutrally buoyant, and ? demotes species for which insufficient data

were obtained to be sure how to caracterize them.

_ mg,_“_ ‘_ ' oyan
8pot, mm zanthuyve | | . -
Atlaatic croalm:. m undulatus _ | -
Hukﬂnh Synoscion regalis N | | .

" Bertped kAll4¢ieh, Fundulus malills - | .
| .Oyltcr :ondti-h m 178 L _ -
. White cntﬁ.lh. W satup | . o | o -

Brows Mlhﬂd. mmmuhahm | | | .
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Table 1 ‘Cont'd.)

Species

Atlantic silverside, Menidia menidia
Bluefish, Fomatomus saltatrix

Bay anchovy, Anchoa mitchill

Spotted hake, Urophycis regius
Black sea bass, Centropristis striata

Pinfish, Lagodon rhomboides
Silvervparch,'Bairdialin chrysura
Atlantic_menﬁaden, Prevoortia tyrannus
Blueback herring, Alosa aestivalis
White perch, Morone americana

Mummichog, Fundulus heteroclitus

Sheepsheoad minnow, Cyprinodon variegatus
Red hake, Urophycis chuss

9

+ 1+ M+ I+
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Time (hours)

‘Mg. 1. Pfadictod,cbw_dnution curves for white perch and spot weighing

30 —
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82 g at an scclimation temperature of 1890, Moth ascent and descent curves

sre shown. Zero coinclddo to tho'llurfacc for the dnémt curve, but bou\'uo '
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ROYAL ARMAMENT RESHARCH AND DEVELOPMRANT ESTABLYSHMENT
FORD HALSTHAD, SEVENOAKS, KENT, UK,

A K Clark

P J Hubbard B S0 ,
PRLes Ph D

RC

Woodman 3 Sc DIC ARIC MICHRME

Abatract

The test firing of explosive charges can apply a particular strain to people
living clowe to a munition research facility because of the noise of explosions
and their unexpeoted and transient character. Reoent investigations have shown
that substantial reductions in hoth noise and blast can be ashieved by uaing high
orpansion ajueous foam &8s sn axplosion muffler.

This paper desoribes experiments aimed at comparing external noise lavels vhen
foem was used to muffle explosions in two RARDE firing ohambers with normal levels.
Sound lovel measurements were made on the dB(A) soalo to give as close an mpproxi-
mation to the response of the human oor ss yossible. The foam, with an sxpansion
ratio of about 300:1, was produced by a Turbex generator supplied by Angus Fire
Armour Ltd, To provide base iine data, spherical sxplosive charges veighing
between 0.02Kg and 0.34kg vere dotonated in the centre of e ach ochamber, A second
sories of firings were then carried out with explosive charges oovered to & depth
of 2.5 metres with high expansion aqueous foam. In the smaller chauber charge
veights ranged ;ron 0.05Kg to 0.5Kg exd in the larger from 0.05Kg to 2.5Kg. In
both cages 60 m” of foam Was required to £ill tho chamber to a depth of 2.5 metres
and this was generated in 30 seconds, Every cherge fired, irrespesotive of weight
collapsed the foam entirely, leaving only a sasll amount of foam and puddles of
water, The additional time required when uoing foam over that normally tekxen to
set up and detonste tb, oharge was 5 minutes, In the event of a misfire it wes
demvnatrated that 60 w’ ¢f foam would be collapsed in 10 minutes using 10 litres
of 5% squeous solution of an anti-foan agent dispsnsed from a knapeack-mountod
gardem spray. . :

Ispuleive noise levels weasured with the monitoring oquipuent were plotted for
churges detonated in air and under foam. Comparison of tke curves showed that
firing the charges under 2.5 metres of Yoam reduced noise levele by at least 20
dB(1) over the full range of charge weights exssined, This represenis an ApProxXi~
ante 10=-fold reduction in sound pressure,

The oost of the foam generating equipmeint uced im these trials was £500 and the
cost of the foam compound was ebout £2 for esoch firing, Provided a commerocially
produced fire«fighting compound is used there ghould be no health hasard and in the
UK a Home Office specification precludes the use of & material whioh is not
conpletely biodegradsblse.
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ROYAL ARMAMENT RESEARCE AND DEVELOPMENT ESTABLISHMENT
FORT HALSTRAD, SHVENOAXS, KENT, UK.

Sumaxx

Substantial noise reduction from sxplosive charges fired in bomd ohamber test
favilities has betn achieved by covering the charges with Iigh expansion aqueocus
foam produced by a commsroially available fire-fighting gemerator. Fhe capitsl
oost and running exponses of the equipment comtribute little to the expense of
firivg. The 10 to 20 fold redustion of noise level is achisved at tha cost of

a fou minutes extre time while the foanm is smplaced, without any health hasard
and wvith little damsge to the environwent, In the event of a miafire the foum
may be removed safely and swiftly with the aid 9f a commercially aveilable spray.
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1. INTRODUCTION

Increasing emphasis ia being placed on the reduction of 'noise pollution' in the
environment., Noisv in this context c¢an be defined as unwvanted scund, but the degree
of '‘unwantedzeas' is, howsver, a coxylex relationship betwesn the make up of the
sound and its psychological and physiclogionl effects, These effects may range from
nodexrate amnoyance to impairment of hearing frox sustained exposure to high noise
levels, Environssntal quietness iv not only desirable solely from the amoyance and
hoalth viewpoint, but also from an economic stand-point. In general, pecple do mot
like to live in the immediate vicinity of am airport, or olose to roads with heavy
traffic and this can be reflected in the value of adjacent property.

The test firing of eaxploaive charges oan also apply a particular strain to people
living close t0 a mnition research facility becsume of the noimse of explosions

and thelr unexpeotsd and transient ohareoter, Further, the damage to property which
may be caused by overpressure effects is a constant worry.

Publio opinion has in general led to this Establishment reducing the weight of
explosive charges fired in bomb chanbers, Yor instance, in Woolwich a chamber
capable of withstarding the detonation of 3.5 Xg charges is currently only used for
0.3 Kg oharges, Resort has been made to firing larger charges in remote areas whioh
i® not cost effective, ,

Recently a considerable smount of work has boen done in ¢valuating high expansion
aqueous foam as an explosion muffler, Substantial reductions in both blast and
noise levels hive been observed, This paper describes some experiments which were
aimed at comparing the noise levels obtained when foam was used to muffle explosions
in two RARDE bomb chambers with the levela without foam.

2. 0 £ _NB

The quantity normally weasured when dealing with acouatie noime is the Reoi Mean
Square Sound Pressure, The aversge adul{ human ear can detect sounds corresponding
to & lower threshold pressure of 2 x 10™* pbar (2 x 105 Nw=2) at & frequency of
1000HE, At pressures in excess of about 1000 pbar (100NM=7) parception is
accompsnied by physical pain and severe physiological dsuuge can result from proe
longed expoaurs to aound intensities of this ordor, As sound power is related to
the square of the sound pressure, and the hearing mechanism responds to changes in
sound power in & relative rather than an absolute wmunner, a convenient soale for
sound messurement is the decibel (db) suale, defined as

Sound level (db) = 10 log if‘z; - 20 log 3
pi M

where p is the sound pressurw being measured and p! the reference sound pressure
(normally taken to be 2 x 10~4 pbar), Tuble | shows the relationsiip between sound
pressure, sound level and ooumonly cnconptorod_ snviroumimtal noise conditions,

3.  NQISR.CELIRRLA
While it is possible t0 define abaolutely the conoept of loudness of a ﬁund. the

notion of annoyance is more diffinult to specify, Pesyohomcoustioal experimente
however, suggest that a noise besoiss mors snnoying as its intensity increases and

99




et e o 4

NEWC/WOL/TR (7= 30

that high frequency noiss is more disturbing than that of low frequensy, Thus, &
meter to measurv noise aa opposed to sound must tuke account of both the loudness
and ihe freguency range of the noise, This is done most simply by using the
intsrnationally accepted frequency weighting networks; designated A, B or C, in the
noise measuring instrument, These frequency weighting networks ensurs that the
sound level meter is wore affected by certain designated frequency rarnges, and it is
generally accepted that frequensy network A gives a fair approximation to the
responss of the human oar., MNeasurements of sound pressure levels determined using
froquency weighting network A are designated dB(A).

4.  RIRRRIMRNTAL

4.1 Description of test chagbers

Two different firing chamberas wers used, The smnll chamber, whose ground plan and
imnediate surroundings are shown in Fg.1, is brilt from reinforced conorete and is
totally enolosed except for an aperture 2 metrse wide and 2,2 metres high at onu end,
The blast from an explosive firing vents through this aperture and is deflected by

& wall. The explosive limit is 0,34 Kg (0,75 1b),

The large chamber (Fig.2) is built of reinforced conorote with the upper porticm
formed from overlapping air-spaced girders., This chazber waa built for an explosive
Umit of 3,62 Kg (8 1bs) but in recent years this has been reduced to 0,34 Kg

(0.75 1b) becawss of complaints from a neighbouring industrial estate.

The positions of the noise wneasuring microphone relative to the test chazbers are
showz by an X in Figs.! and 2,

4,2 olwe w W f

Spherical plastic explosive (PEA) charges weighing between 0.02 Xg and 0.34 Kg were
detonated in the centre of each chasber, In the small chamber (Mg.1) the charges
were placed on & atesl plate on the floor while charges fired in the large chamber
(Mg.2) were de=coupled 0,25 m from the floor by suspending them from the roof,

.

The noise generated was, in each cane, measured by & Brusl & Xjaer Impulse Sound
Level meter, Typs 2607 using & 25.4 mm condenser miorophone set to record the
maximum trensient impulsive sound level with the 'A' frequency weighting network,

4.3  Noise megsurepent of foan gufflied firinge

4 sscond series of firings were carried cut with the explosive chargeos govered to
a depth of 2.5 metros with high expansion ajueous foam, In the small chamber charge
veights ranged from 0,05 Kg to 0.5 Kg, in the larger one between 0.05 kg and 2.5 Kg.

The foam was produced from s Turbux generator suppliod by Angus Fire Armour Ltd.
and wvas found to have an cxpansion ratio of around 500t1. Rach ohacber was filled
to the required depth by sealing the entrance with polythene sheeting leaving a
ons aetre gap at the bottom, This gap onabled a 1,2 wetre dismeter polythene
dunting from the generator to be introduced disgonmelly through the entrance to the
chasber (Fig.3), As soon as the foum was generated the ducting inflated, sealing
against the polythene sheeting nng preventing the esoape of foum under the plastic
(Meg.3). In both cames about 60m” of foum was required to fill the chamber to a
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depth of 2% metres and this was generated in about 30 seconds. The additional time
required uning foam over that normelly tsken ta set up and detonate the charge was
about 5 minutea,

Every charge fired, irrespective of weight, collapssd the foam Onfiroly, leaving
little foam and puddles of weter, Very litile water and no foam remeined cn the
chanber walls and ceiling,

High expansion Toam has & sufficiently high ei:atrizal resistance to be oconsidered
non-conducting and there was no indiesti~ of the foau shorting ocut the electrical
firing syetems used in the trials. '

In the avent of a niafire it would be necessary ts clear the fomm from the vicinlty
of the charge, It has been demonotrated that 60m” of foam oan be collapsed in
under 10 minutes using 10 litres of & 5% aqueous solution of an antifoam agent such
&8 Mulflioc N7iDS dispensed from & knapsack-mcunted garden spray.

5.  REBSULTS

Impulsive noise lovels were measured with the monitoring equipment at tho poinis
parked X in Mge.1 and 2 for charges detonated in air and under foam. The data are
piotted in Pige.4 and 5, Comparison of the 2 ourves in Mig.4 shows that firing
charges under 2,5 metres of foam reduced noise lovels by at least 20 dB over the
full range of charge weights examined, Fig.5 shows & similar reduction fox the
larger chanber using 2.5 m of foam, .

A cloar pioture of the reduction in sound pressure achieved can be seen in Figs.6

and 7, whore this parameter has been plotted for varying charge weights with and
without fosm. In both cases, the sound pressure increased much more slowly with
oharge veight when the charge ias covered with foam, It is particularly interesting
to couwpare the sound preussure fron 500 gas of eiplosive detonated under foem with

that from 25 gus of explosive deionated in the open air in the smaller chamber., The
churge overlaid with foam gives a 2ound pressure cnly 1/%th of that from the wmuffled
charge aven though the charge weight involved is 20 timee higher,

6.  DILSCUISION

fhece results clearly indicate that foam can be used to reduce the acise lavel [{rom
the explosive charge weighte normal'y used in the RARDE boamb chambers. Morsover,
the option is availadble to increar the erplomivo cnarge weight that might be fired
in any teat facility without exces.ing an agreed acceptable noise level. Without
decoupling the charge from the foam wuffler this technique would not, of course, be
suj table for experiments involving high speed photography.

The additional time required to generate wnough foam to oarry out trials muffled in
this way is hardly significant. The bomb chasbor was filled in less than 30 seconds.
Ir most cnmos, tho preparations required to prevent the foes from flowing out of the
sntrance nf the chambor will csuse the major increase in tiwe, This will vary with
the design of tho chamber but the polythene sheeting is largely undamaged by the fouws
muffled explosion and If necessary could be repliced in 2 or % minutes., The total
siditional preparstion time for the firings with foaw detailed in this memorandum
averagod 5 tu 1) minutes, Woot of tho foam disappeared during the firing and very
1little was laft to interfere with later firings.
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The comt of foam gensrating equipment varies according to its mode of operation and
the rate of foam produotion, The Angus fire Armour Turbex generator could be
installed as & fixture; it 1:5poverod sclely by water pressure, A single foan
generator produces about 200m’/min of foam using approximately 300 litreo/min of
water and 5 litres/min of foam compound, The gonerator costs £500 and the foam
compound used about £2,00 for 5 litres.

The most inconvenient characteristic from the opsrators standpoint is the fact that
the wet conditions can lead to inconvenience but even taias can ho minimised by
sui tadble clothing.

There shiould bs no health hasard provided s commerocislly produced fire-fighti
compound is used which meets Home Office Fire Departments' specification JCDD/28,
In fact, in addition to ncise and blast reducticn, the foam seemed o reduce the
level of fumes from the detonation of the charges, After an explosion most of the
solids comprising the mmoke from the chargo, eg carbon, were trapped in the waier
layer under tha lov expansion foam left on the chamber floor.

The Home 0ffice epecification also precludes the use of sny material in British
foam compounds other than those which are completely biocdegradesble, The diluted
foam compound can, thersfors, be adequately broken down in a avrmal sewage treatment
works and does not prussnt a pollution problsa,

7. HER USiEg OF AN FOR NOLSE AND BLAD EBUCTIO)

Nuffling an explosion by means of squeous foeam aesus to have little cr no effect on
the porformance of & charge in ocontact vith a target, This suggesta that foam
wmffling say have vider applications, Many more of the teshuiques for using
wIplosives for outting, boring and welding etc could be used ocloser to public places
if their noise and extraneous blast effects could be reduced. Hovever, it is
important to repomber that fosm has no effect on deureasing the velooity of fragments
from an explosion,

8.  CONCLUSIONS

High sxpansion aguecus foam produced by commercially available fire-fighting gene-
rators has beed shown to reduce the noise levels from exploaive charges fired in
bowd chamber test facilities by 20 4B over & range of charge weights up to 2.5 Kg,
This represents an spproximate 10~fold reduotion in sound pressure. The initiel
oapi tal ovst of equipment is asbout £500, tut the additionsl cost for each foam
covered firing from expendable items is only about £2. After the firing most of the
:u: 1::’ evaporated apart from a thin layer of lov expansion foam on the floor of the
ag .
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FIG.1 PLAN OF SMALL FIRING CHAMBER AND MICROPHONE
FOSITION FOR SOUND LEVEL MEASUREMENTS

104




NSWC/WOL/TR 77-38

o Y T T T "

84 0 H ‘ ) ] 10

Jv

MICROPHONE HEIGHT ABOVE
FLOOAR OF CHAMBER = | metre
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’ CURVE (a) WITHOUT FOAM
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CURVE (a) WITHOUT FOAM
CURVE (b) UNDER FOAM
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NOISE ABATHMENT FOR DEMOLITION OPERATIONS

C¥T KDWARD J. 87FLICA; U.5, ARMY
LETTRRKENNY ARMY DEPCT
OHAMBERSBURG, PENNSYLVANIA 17201

ABSTRACT

- [ ]

Project Desoription: Detonstion of sxplosives is performed under
the auspices of LEAD's demilitarigation mission, Under established
procedures explosives are placed at ground level and covered with a
five fnot mound of lovse earth. Shock waves propegeting from & 25
pound explosive charge detonated in this menner are sufficient in
magnitude to create s nuisance noise in surrounding communities,
Utilisation of an earth muger to bore holes, up to 12 feet deep, permits
the detonation of individuanl charges up to 380 pounds with no undesirable
effecte on the environment. This method of operstion provides for a
productivity incresse in excees of €00%, eliminated 955 of clesnup

afforts after detonation, and shows an estinmated snnual net savings of
$1,Lk2,338,02,

The procedure has beesh approved for demilitarizetion operations by
the Jolnt Conventional Ammunition Program, Demil end Disposal Task Group,
the US Army Materiel ond Readipess Commond Safety Office, and the
Department of Defense Explosives Saf'ety Board.
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ENVIRONMENTAL ASSESSMENT OF EXPLOSIVE DEMOLITION DISPOSAL
. OPERATIONS AT FORT PICKETT, VIRGINIA
; By

M. M. Swisdak, Jr.
and
G. A, Young

In early 1974, the Naval Weapons Station, Yorktown, Wirginia,
asked the Naval Surface Weapons Center, White Oak Laboratory,
to conduct a study of the environmental effecte produced by the
explosive demolition of unserviceable muriitions at the then Camp
Pickett, Virginia. This talk presents the results of that study.

During the period from 1961 to 1969, NWS, Yorktowh, occasionally

used the impact area facilitieeg at Camp Pickett for the disposal
of Naval munitiona. From 1970 to 1972, there was a gradual increase
in the disposal operations, witg the following weights detonated:
1970 - 68 metric tons, 1971 -~ 372 tons, and 1972 - 803 tons., During
the period from 8 January to 31 March 1973, munitions with a
shipping waight of 2700 tons, including 1630 tons previously

g prepared for deep sea disposal, were disposed of by detonation

| at Camp Pickett by NWS personnel. Digposal operations were

i discontinued in April 1973.

On 30 January 1974, it was determined that 2.25 million
kilograms (shipping weight) of unserviceable ammunition was await-
ing disposal at Yorktown. This included 401,087 kg of explosive.
The rate of accumulation at NWS, Yorktown, was estimated to be
91,000 kilograms shipping wéight per month.

Current items. on hand at RWS requiring disposal by detonation
or burning include amall arms, bombs and warheads, boosters, mine
cases, grenades, depth charges, propalliing charges, fuzes and
primers, gun c¢artridges, projectiles, cartridge actuated devices,
igniters, exploders, fittings, rockets, rocket motore, signals,
flares, pyrotechnics, and demolition material.

,%F Fort Pickett is located in southern Virginia, approximately
‘ 70 kilometers southweat of Richmond.

The mission of Fort Pickett is to provide trxaining in acmor
and artillery for reserve components and active forces of the
armed services. The totdal land area is about 18,200 hectarns.

Of this, about 7,300 hectares are uged as tank and artillery
firing ranges during training exerclses. The disposal gite is

in Impact Ared 3, which is about 1400 hectares in size. Although
the boundaries cannot be precisely defined, the area of the land
used previously for disposal is about 8 hectares.

AS un integral part of this assessmant, alternative methods
to the proposed action of sxplosive demolition at Fort Pickett

o !
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were also evaluated. These included: (1) open burning, (2)
incineration, (3) washout--water or steam, (4) Qe*onation at

NWS, Yorktown, (5) detonation at locations other than Fort Pickett,
and (6) deep water dumping. The problems associated with each

of these methods are discussed below.

(1) Open Burning

Mosat of the items requiring disposal can be burned in the open.
However, open burning produces gases such as carbon monoxide,
oxides of nitrogen, and other pollutants, some of which are
possibly unknown. Because of state and federai laws, this
method has been greatly reduced in recent years, &and it can be
used to handle only small gquantities of munitions. It will most
likely be phased out when other methods become operational.

{2) Incineration

Controlled incineration is confined to small arms, primers,
detonators, fuzes, illuminating signals, and other amall items.
The potential products of combustion and reaction of these include
nitrogen oxides, sulfur oxides, phosgene gas, ozone, lead vapor,
cadmium vapor, mercury vapor, ammonia, hydrochloric acid, sulfuric
acid, hydrogen sulfide, carbon monoxide and particles containing
magnesium, aluminum, lead, copper, phosphates, potassium, barium,
strontium and antimony. It is, therefore, essential that scrubbers
and precipitators be developed to remove the effluent gases and
particulate matter. Bome devices have been tested, but evaluation
is continuing and the system is not vet operational with the
pcllution control equipment installed. In any case, it could
not handle the backlog of large items of unservicesable ordnance.

Incineration at sea on a specially designed ship is also
feasikle, but no such ships have been built as yet for munition
disposai.

(3) Washout - Water or Steam

The explosives in mines and projectiles can sometimes be
removed by the use of hot water or steam jets. After washout,
the material can be aold or reworked for use in new Navy weapons.
A pilot production plant is being built at Yorktown to establiah
criteria for proposed production plants. However, many of the
items in the NWE, Yorktown, inventory are unsafe for washout
in the pilot plant or are in small quantities which cannot be
handled on an economic basis.

(4) Detcnation at NWS, Yorktown

Some disposal of munitions takea place at NWS, Yorktown,
at the present time. However, only 22 Kg of exploaive can be
detonated at cone time in the existing demolition pit. A new
disposal area, that will have 45 detonating holes, has been
proposed. This will have an allowable limit of 70 Kg per hole.
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If this is completed during FY 1976, it will help to dispose
of incoming ordnance. However, it will not be ready in time
to handle the existing backlog.

(5) Detonation at Locations other than Fort Pickett

Other locations for possible detonation of unserviceable
munitions include the Naval Ammunition Depots at Crane, Indiana,
and Hawthorne, Nevada. However, shipment to Camp Pichkett is
by truck and is relatively inexpensive. 8hipment to Crane or
Hawthorne would require careful loading in freight cars and would
cost more for shipping and would involve additional handling
costg. A cost analysis prepared at NWS, Yorktown, in January
1974 shows an estimated saving of $622,505 by using Camp Pickett
instead of Crane.

(6) Deep Water Dumping

The deep water dump procedure involves the loading of
unsaerviceable and obsolete munitions on a surplus cargo ship,
which is then towed to a deep ocean disposal site and either
scuttled or detonated. The latter procedure imx preferred for
safety considerations and because the detonation products are
less hazardoua than the components of the ordnance. Deep water
disposal was halted in 1970 and is against current policy. Never-
theless, it has been shown that the past Deep Water Dumps did
not have any permanent, irreversible effucts on the environment,
and it is concejvable that thip method could be reinatated.
Houvaver, it would 'tequire posuibly two years to follow the adminis-
trative procedures leading to the acyuisition of a permit from
the EPA and to then prepare a ship. This method could not solve
ghekgurrent problem of dlsposing of the existing, and growing,

acklog.

The items vwhich were given the largest consideration in
this study were: (1) air quality, (2) water quality, (3) sound
contiol, and (4) land ume. Each of these will be discussed in
more detail.

(1) Alr Quality

The effects of surface and buried explosions on the quality
of the air include the formution of a cloud of dust and the ejec-
tion of explosion products to the air. Metal fragments and clods
of moil may also be blown into the alr, but this iz considered
to affect the surrounding land, not the gquality of the air.

The magnitude of these effects depend on the nature of the
soil, the depth of burial, and the weight of explosive.

From available data, it is ovident that burial is highly
effective in reducing the ejectsd dust. :
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When a non-homogeneous mixture of munitions is buried, the
ejection of explosion products is less than from a surface burst,
Solid explosion products will probably be retained in the soil
while the gases will doubtless escape rapidly, unless the explo-
sion is at camouflet depth. 1In this case, the gases will probably
slowly filter to the surface.

The quantity of importance is the concentration reached
in air. At an explosion site, the atmospheric concentrations
for shallow underwater explosions of TNT possibly reach 522 ppm
for carbon monoxide, 42.5 ppm for ammonia, and 5.30 ppm for
hydrogen cyanide. The cloud is carried downwind and is rapidly
diluted by atmospheric turbulence. Very similar effects occur
with underground explosions.

For example, it has been estimated that the concentrations
of carbon monoxide, ammonia, and hydrogen cyanide are reduced
to S prwm, 4 ppm, and 0.5 ppm respectively at a distance of 550
feet irun a 1000-1b underwater explosion. The threshold limit
values (TLV) for these gases are 50 ppm for carbon monoxide,
50 ppm for ammonia, and 10 ppm for hydrogen cyanide. As the
TLV is a condition to which industrial workers may be exposed
daily during an 8-hour day, 40-hour week, without adverse effect,
no hazard can be anticipated from the explosion gases from
explosives weighing 450 kg or less.

For safety, the disposal team would remain at greater distances.
In addition, the effect is transient, not continuous. As the
distance from the disposal site in area 3 to the nearest point
on the boundary of the military reservation is 3.6 kilometers,
no effect on air quality would be visible or detectable tc the
public.

(2) Water Quality

To document the effect of explosive demolition operations
in Impact Area 3 of Fort Pickett on the quality of water in the
surrounding area, water and scil samples were collected from
nearby streams, water standing in craters, and in nearby lakes.
These samples were collected after a series of controlled firings
(to be discussed later) had been completed. These samples were
analyzed for TNT, lead, and mercury. The latter are the metals
of major cencern, as the more common ordnance metals are not
considered to be hazardous, For example, concentrations of iron
up to 0.3 ppm and concentrations of copper up to 0.2 ppm are
permissible in public water supply.

The results of these analyses are presented in Figure 1.

Twelve water samples and eight soil samples were collected
at Camp Pickett on 3-4 September 1974 and were analyzed for TNT
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concentrations at the Naval Minz Enginegring Facility, Yorktown,
Virginia. The water samples showed les:s than 0,1 ppm except

for three readinas of 0.1 ppm in samples obtained from artillerxy
and demolition holes in the impact area. The soil samples had
less than 0.01% TNT except for one taken in a demolition hole

that had been used just prior to the time of sampling. This
sample contained 0.6% of TNT.

The water samples are the most important, as they help to
show 1f dissolved materials are getting into the local water
supply. However, except for one reading of 0.l ppm, those taken
in drainage ditches and the creek show levels less than 0.1 ppm,
and in three cases, show no measurable TNT.

The Army Amnmunition Procurement and Supply (APSA) interim
guideline for the discharge of ordnance compounds from ammunition
plants in waste-water is 0.5 ppm for TNT and other nitrobodies.
The amount of INT entering Birchin Creek iz well below this level.

A total of 24 water samples was collected to be analyzed
for lead and mercury. The first 12 were taken on 26 Novembe:
1974 and the second on 11 December 1974. All of the samples
had lead concentrations less than 0.05 ppm. In the case of mercury,
the highest measured concentration was 0.068 ppm. One sample
had 0.004 ppm, while two showed 0.003 ppm, 17 had 0.002 ppm,

two had 0.001 ppm, and one had no mercury, giving an overall
average of about 0.002 ppm.

As these values are all well below the maximum allowable
limnit of 0.05 ppm for both lead and mercury in public water supply
sources, there is no hazard to the public from these metals that

can be attributed to the disposal operations in area 3 at Camp
Pickett.

(3) Sound Control

It wag felt from the start of this study that this item, sound
control, would be the most difficult to compiete satisfactorily.
Discussions with the residents living around Fort Pickett and
with members of the administrative staff at the base indicated
that many complaints had been registered during previous disposal
operations. The majority of the complaints came from the vicinity
of the town of Rawlings, located about 1l kilometers from the
Eiring site. Additional complaints were said to have been received

from the towns of Alberta, McKenney, Victoria, and Burkeville.
(Figure 2)

A preliminary aerial survey conducted in May indicated that
the geology of the area could be contributing to the problem. .
There are three granite quarries located in the area at: (1)
Rawlings, (2) Fort Pickett, and (3) Burkeville. The quarries
in Rawlings and Burkeville are both active and in production.
Visitas to these sites and discussions with the quarry managers
indicated that a granite ridge did run between Rawlings and

Burkeville. They also indicated that they did extensive blasting
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within the quarries (up to 400 kilograms of explosive per delay,
with several delays being fired in a string), with no complaints
registered from their neighbors. The manager of the quarry at
Burkeville also stated that Hercules Powder Company made routine,
periodic seismic measurements (ground motion) and had never detected
any vibration levels that could cause annoyance or damage to
structures.

The noise generated by explosive demolition operations at
Fort Pickett was studied in a series of experimental firings.
All of the charges were cylinders with a length to diameter ratio
of 1/1. The charges were either TNT or Composition C-4. One
charge was detonated on the surface, one three meters above the
surface, and the remainder either in open holeg or buried. 1Instru-
mentation consisted of microphones with their associated electronics,
ground motion gages, magnetic tape recorders, and sound pressure
level recorders. Measurements were made at 3 locations {Figure 3).

No explosion noise above ambient background was recorded
in Alberta, McXenney, Victoria, or Burkeville. ‘The background
noise changed with the time of day and local traffic conditions
at each measurement site. Moreover, during wind gusts, the
ambient background jumped even higher. As a result, no abhsolute
nuniber can be given for the background.

At the four close-in stations, the sound levels were below
90 decibels for all charges fired in a tamped hole within a crater,
The maximum recorded level was 109.5 decibels at the closest
station (3700 meters) for a shot in an open hole (Figure 4).

No detectable ground motion was recorded on any of the shots
at any of the recording locations. A3 a check on the ground motion
gensors, a "heel drop" test was performed at each location.

In this test, a person stands near the gage, rises UT on the

balls of his feet and allows his weight to drop on his heels.

The amplitude recorded here was over 5Smm/sec at each station.

Some representative noise and vibration thresholds are presented

in Pigure 5. Thus we can estimate that the ground motion generated
by the explosions was at least a factor of 20 below that which
could cause minor structural damage, auch »= plaster cracking.

(4) Land Use

As long as Camp Pickett remains in existence and retains
its current mission, the entire impact area will be unsuitable
for any other usage. In order to convert it to non-military
use, it would be necessary to conduct a systematic and thorough
inspection and to remove or destroy all dud ¢rdnance. As the
munition disposal ares is within the impact area, there ig no
possibility of using it for any but ordnance-related activities
by ordnance experts. ‘

The direct effects of the explosions on the land include
cratering and the deposit of metal fragments, 2olid explosion
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products, and possibly undetonated explosive. Extensive operations
doubtless lead tco a removal of vegetation and erosion of the
site,

Tn summary, the major effects are the cratering and erosion
of the site. The littering with metal fragments is similar to that
resulting from the use of the area as an impact range. Cratering
is not irreversible, as the land could be leveled with bulldozers
after a removal of dud ammunition. Other debris, such ag packing

‘ containers, can be removed after each disposal operation.

There is no doubt that noise is generated by explosions,
but the smount of distant noise that might be a nuisance to
residents can be reduced by a careful conaideration of atmospheric
conditions and by charge burial.

For example, if air temperature increases with height in
the lowest 1500 meters, the speed of acund will increase with height
and sound rayse will bend over and return to earth at some distance
from the source. This channeling and focusaing effect can cause
excepticnally large noise at a distance of miles. With very
large charges it could lead to window breakage. To avoid this
possibility, tests should be conducted when weather conditions
are good, that is, no low level temperature inversions and no
fog.

In regard to burial, it is known that the air shock wave
is reduced when an explosive charge is detonated at increasing
depths in the ground. For example, if the depth of a 227 kg
charge is increased from .3 meters to 2.4 meters, the peak pressure
in the air is reduced by a factor of 16. The air shock becomes
a sound wave at a distance and created an impulee type of nolse,
The Occupational Safety and Health Act (OSHA) has set an impulse
noise limit of 140 decibels, and a noise level of 90 decibels
is considered to be loud but aot harmful.

It 18 clear that the charge weighlts employed in the tests
can be detonated without creating a nuisance to surrounding
residents by the generation of excessive levels of sound. However,
it is essential that they be at the bottom of a 3-meter pit and
be covered with about 3 meters of soll. The raport includes
an estimated upper limit of 227 kg for detonation in this manner.

Summarys

It is clear that undesirable effects such as noise,
fragmentation, dust, and ground shock can be held to acceptable
levels by limiting explosive weights, buiying ot-exflouivea.
firing when the weather is not conducive to channeling or focussing
of shock or sound waves, and by 2llowing an adeguate time intarval
between detonationa. The evidence indicates that the dhar?¢
weight should not exceed 227 kilograms and that the explosive
lhouldlba bukied about 3 meters beaneath the bottom of a 3~méter
open pit,
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140dB THRESHOLD WINDOW DAMAGE
90dB NOISE 3 METERS FROM SLAM OF A CAR DOOR
70 -80 dB TOWN TRAFFIC
60.8 mm/ne PLASTER CRACKS
3 mm/tec SAFE LIMIT OF VIBRATION FOR BUILDINGS
(NO DAMAGE) :

0.26 mnvsec JUST PERCEPTIBLE — EASILY BEARABLE

FIG.5 NOISE AND VIBRATION THRESHOLDS
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ENERGY PARTITICNING
Ronald R. Rollins
Rock Mechanics and E&plosives Research Center
University of Missouri-Rolla
Rolla, Missouri
Abstract
Concrete blocks containing a known quantity of explosive have been tested

underwater, to prevent secondary fragmentation, and in an explosive chamber -
calorimeter system as part of an energy partitioning study. The portion of the
total energy available that goes into creating new surface area, heating of the
fragments, heating the Feaction chambef$ and the residual heat of the product

gases and air has been determined.'

Introduction

While explosives have been employed for blasting for ovar centuries, only
1imited theory has been developed and 1ittle experimental work performed to evaluate
the partitioning of explosivas energy in blasting processes. Three theories have
been smployed to evaluate the crushing energy: The Rittinger thaory states that the

energy is proportional'to the new surface area formed and may he expressed as

e
E = Kr(}' pet, (174,) - 100/d0)) .

The Kick theory s;qtés'thatlthe anergy of crushing is proportional to the

particle size redubi19n and 1f'e§prQSsed as

RSN E::_-,- Kk(’i .'Pct-{ jog. ;'_(I,,/_d'i) .+ IQO 1ogd°).
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Bond's third theory is & compromise between these two and is given by
| E =K, % pety (1/7d,®) - (100/d,%) | .

Inlthese formulas E is energy, the K's are constant, di is particle size diam-
eter of & given screen fraction, and d° is the diameter of unbroken material. Bond's
theory applies wefl to commercial crushing and grinding but does not take into ac-
count the energy raquired'for creating very fine particles. Rittinger's (surface
energy) theory is be119vad to be more nearly corract and was used in this study.

The available wnrk from an explosive is given by:

where p3 is the prassuré of the “explosion state" and Py is the final pressure,
usually atmospheric. This 13 often approximated closaly by the haat of explosion
in the explosion state, 1.e., considering the explosion products to be at a density
equal to that of the wxplosive and the chemical equilibria calculated accordingly.
Either value can be datarmined'by computer program.
The total enargy of an explosive detonated under the above test conditions can
be czassified_gs fo1loqs;n '
a. Surface energy of broken materfals = H,
b. Residual heat of gases-and atr = K,
c. Regidual heat, of hqugn_matorla]l ] Hc_
d. Resfdual heat of box ey
- a.I.Complction of speciman “ _
¥.'”51ustic dtformut1on of sﬂecinnn
7 ,:§,,”51azt1c dqformntion of box.
. 125
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h. Ex;ernql shock\and sound

i. Formation of secondary chemical products

Cf these categorias items a thru d can be measured. Items e thru g will be
included in the first four. The last two are considered negligible for the purposes
of ‘this study.

A heat balahce may be set up as follows:

"y ' I"

Q:A= Ha + Hb + Hc + Hd
where A is the total available chemical energy from the explosive.

Experimental

Cylinders of very fine aggregate concrete (neet cemeni) were prepared con-
taining small quantities of a permissible explosive and were cured under saturated
lime water until they odtained their meximum stvength. These test specimens (Fig. 1)
were then suspended in an explosion chamber {Fig. 2) fitted with & quick release
port by which the broken fragments could be dropped into a calorimeter (Fig. 3).
Addit!qnal sapples were lnchored.in a steel box filled with water for underwater
fragmentation tests (Fig. 4).

Regults

" Experiments were performed in the reaction chamber on specimens containing From
3 g to 40 g of explosive. The air temperature increase in the chamber and water
temperature increase in the calorimeter ranged from 2.40 to 11.62 deg C and from
0.88 to 4.31 deg C, respectivaly, dapending on the quantity of explosive used.
The fragments wers scresnad, the particle size distribution determined, and com-
parisons made with drop hammer results. Tests were condusted using the concrete
cylinders containing 1, 2, 3, and 4 g of explosiva, undirwater. utilizing a frag-

ment catcher to eliminate secondary breakage against tha walls, Thé cumulative'
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logarithmic diagram of screen analysis on the 5.3 m hefght drop hammer tests
correiates with the results obtained from the 1 g, underwater tests (Fig. 5). The
energy 1s essantially the same and the particle size distribution is similar, A
computer program was utilized to calculate the energy.

Explosion product gases were analyzed on an A-700P Varian Gas Chromatograph.
Two chambers were fabricated for confining the explosive effects and the product
gases. One was 20.3 cm in diameter, 13.7 ¢m long, 2.5 cm wall thickness, and wes
designed for 3 g of explosive. The second chamber was 10.2 ¢m in diameter, 18.3 em
Tong, 1.3 cm wall thickness, and was designed for 1 ¢ of explosive. The chambers
were evacuated prior to initiation of the explosive and sampled by a hypudermic
needle inserted through a septum. Connections were threaded in the end plates
and had needle valves and a vacuun gage.

A theoretical computation was made based on the explosive composition and loau-
ing density to determine the detonation and explosion state temperature, pressure,
heat of explosion, reaction products, gnd the detonation velocity. The theovcticaf

gaseous concentrations compare with the rasults obtainéd from the Gas Chromatograph.

Sumary

The heaf of explosion (03) was calculated by use of the thermohydrodynamic
detonation theory from known physical properties of the explosive; A is approximately
equal to 03; H. was datirmined trom calibrated drop hammer tests by comparison with

the 1nput enargy to produce aquivalent breakage and particle size distribution and

~from the underwater shotsz-Hb was found directly from reaction chamber measuremants

and cal¢ulatedlindep§nd9ht1y fron: gas chromatography results of the explosive gases,
tha two rqsu1ts being'in agroamént; Hc was mmasura& experimentally in a calorimeter;

and Hd was3fdund by differance and approxipated by two experimental values.
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Qz or A H H H H
(cal/g) a b ¢ d
896 652.2 64.8 n7 62

100% 72.8% ' 7.2% 13.1% 6.9%

For the above completely confined exp}psive charge at least 72.8 percent of

the explosive energy was transmitted to the confining solid (concrete) and con-

verted to breakage energy. For surface energy determinations the concrete cylin-

der was free on ali surfaces, suspended inside a plastic container underwater to
prevent the fragments from impacting against the chamber walls causing further
breakage.

This experiment illustrates dramatically why'confined explosives are so ef-

fective in rock breakage.
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ABSTRACT

A field portable system for the dissolution of main charge explosives
is boing developed, Card gap tests showed that the dissolution pro-
cess resulted in a desensitization of the high explosives., Detonations
of saturated solvent containing excess explosive demonatrated that
there was no solvent contribution to the detonation overpressure,

The feasibility of dissolving just the explosive gurrounding the beoster
and utilizing attenuating materials to prevent sympathetic detonation
of the main charge as a result of booster detonation was demonstrated.

Discussion

Two approaches to explosive neutralization were luitially consid.
ered: nautralization through chemical reactinns and solvent disaoclution,

Picatinny Arsenal psrformed a ''state-of-the-art' paper study
looking into the feasibility of using chemical neutralization reactions
in a portable system, The study concluded that all neutralization
reactions were too exothermic to be used on such a large scale and
recommended that the dissolution approach be followed.

The dissolution technique has been selacted for the present system
dosign. The system consists of a storage tank, purnping unit(s), an
injection unit, and a suitable solvent, The solvent impinges on the
explosive surface through a hole in the ordnance case, is collected,
and recycled until it becomes saturated with explosive. A diasgram
of the anticipated system layout is given in Figure 1, A filtering
mechanism is roquired to remove particles of aluminum or undis- 4
solved explosive from the main stream in order to prevent damags ‘
to proceas pumps.

Work initially complated at the Naval Surface Weapons Conter,
(NAVSURFWPNCEN), White Oak included a study to select a suitable
overall solvent for explosives. Factors considered in choosing o
solvent were explosive solubility, cost, availability, conveniencs,
melting point, boiling point, and the toxiclty. Solubilities of standard
military explosive (HMX, RDX, TNT, HNS, and DATB) werc dater-
inined in various solvents from 25YC to 98°C, The solvents used
were from various classes of compounds (acide, amides, amines, :
esters, katones, nitrilss, nitro compounds, etc.). Dimethylformam-
ide (DMF') appeured to bo the bust cholce for a generul explosive sol-
vent (reference 1), Tauble | reviews various properties including
solubilities of gome typloal solvents, ‘
© The seénsitizing or desensitizing uffect of DMF on exploaive in
solution and slurry form were of concern to aystem development, A
studv was conducted by NAVSURFWPNCEN, White Oak to observe
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SECONDARY PUMP ﬂ

SOLVENT YANK AND FILTER

wnron )

RELIEF LINE INJECTION UNIT

.
J

MAIN SYSTEM PUMP

FiG. 1 FLOW DIAGRAM

of the sensitivities of several slurries of explosives and solvents,

The large scale gap test is a donor/acceptor explosive train pro-
pagation tast with the components saparated by any nurnber of stand-
ard thickness plastic cards, Card values rofer to the distance between
the donor and acceptor charges where ene card corresponds to 0,01
inch separation. Higher card vaiues describe more scusitive samples,
A slurry of TNT and DMF containing a 50 porcent excess of TNT

over the amouunt required to give a saturated solution in DMF at 25°C
(68 percent TNT bty weight) failed to give a positive test (high order

‘detonation perforating the witness plate) at 50 carda, whereus

TNT at 65 percent theoretical maximum deunsity {TMD} has & value of

282 cards, Similary, a mixture of RDX and DMF containing a 50 per-
cant excess of RDX over the amount requlred to give a saturated sol-

ution in DMF at 26%C (35 percent RDX by weight) did not give a pos-

itive teot at 50 cards. RDX at 85 and 91 percent TMD ylelds values
of 336 and 323 cards, respectively, It was concluded that by dis-
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golving a sensitive high explosive in DMTF a desonsitzed solution is
produced

Table I

Solubilities of Explosives (g/100g) at 25°C after five minutes

o Pyt Melting T Ammonium
SOLVENT| paint*c | RDX HMX TNT HNS DATR li Picrate
D hylsulf- i ,
mi;not Loy ) 1R 41 57 128 1.4 2,2 T%
N-Metgyl Py-
rolidone(NMP} -21 40 Solvate 118 2.4 4,5 62
Dimethylfor- _
r;:‘mid:LDMF =60 iz Solvata | 1.5 rAN:1 90
3313 ogxi.go =30 41 Solvate 12e 2,3 46, 70
71, T%DME ' .
28, ;gchMSO ~30 39 Solvate 142 1.7 2.9 95
B lact-
o::vro °e .42 4 12 - 0.4 0. 8 -
Aceione -94 8.2 2,8 e 0.1 0.4 o
Cyclohexan-
one =47 7.7 1,0 - 1,1 -—

Lven though the solutions were lees sensitive than the explosives
themselves, the question arose whether the solvent would contribule
to the explosive blast cutput, This information was needed for ssa-
easing possible damagma resulting if an accidental explosion cccuxy-
ed during removal of high exploaives from munitions with the DME
solvent or during the transportation and disposal of the contamirvated
solvent, The Llast outputs frown saturated solutions of TNT and DMF
were measured and comparad with overpressures from opherical
charges of TNT. Two saturated DMF/TNT liquid chargas wors
fired and free alr blast outputs were recorded at varying distances,

The first test was a 4480 gram saturated solution of DMTI'/TNT hooste -

ered with a 200 gram pentolite cylinder. A second test consistud of
two plastic one gallon containera of saturated DIAF/TNT solution

taped topether and boosteresd by a 500 gram pentolite cylinder. Results

indicate that the saturated DMF/TNT sciutions did mot detonate high
order; the blast output was approxiinately equivalent to that of the
booster alone. . , :

Three liquid charges cotitaining saturated DMF /M. 6 uolution plus
excess undissolved H-6 were fired,
ed in one gallon plastic cartons with 35 perceat and 65 percent excess
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undissolved RIDX by welght, The third with a 35 percent 2xcess un-
dissuived H-6 was contained in a two gallon polyethylene bag, In
these three tests all charges were boostered by 579 gram pentolite
cylinders, The air blast output of the DMF/H-6 was approximately !
equivalent o the air blast of an equal amount of H~6, In rione of the
tests was there evidence that the DMF coatributed to the detonation.
Two approaches for explosive washout are the cornplete and the
partial discolution of the main charge. Due to the greater tinie and
solvent requirements of the compleie washout method the partial main
charge rermoval technique appeared more attractive, A test program
has been yun to determine the amount of explosive which must be re-
moved from around the booster cup of a borb in ozrder to interrupt
tke exploaive train, Mk 81 and 82 bomb sections have been mocified
and loaded with H~f explnsive to within varying distances of the
booster, Figure 2 shows the tast set-up, Two, three, four and
five inch gaps wore left between the bnoster cups and the main charges.,
50/50 pantolite baosters of approximately 230 grams, drilled for in-
sertion of blasting caps, were used to initiate the mections. The
gaps in these initisl tests were filled with various materials for blast
and fragment atteamation. A length of det cord was inserted through
a previously machined hole in the welded metal plates and placed
across a lead witness block fur evaluation after the test. The tent
involved inserting the blasting cap into the booster, firing the cap
remntealy, and cbseyriug whether a detonation occurred, Table 2
surimarises the tests performed. In no case was a high crder detun-
ation oberrved, as evidanced by the lead plates being unscarred.

Table 2. Partial Washoui Feanlbility Teats

Bomb /Section Booster/Main Charge  Explosive Attennuating
Gap (in.) Weight (Ibs.) Matorial
Mk 82/T 5 25 Sand
Mk 81/N 5 15 Ay : .
Mk B1/N 4 17 o Afy :
Mk 81/N 3 19 ' Alr
Mk 82/T 2 35 , . Sand.’
Mk B1/T . 2 37 . Dl
Mk 82/T 2 35 s ‘ Alr
Mk 81/T ] 28 T Al : o . .
Mk Glll‘.‘ 2 26 . AMph N . L

No detbmtlonl wern. ubnrved uling 230 gf:ml 50/ 50 pontolite booltcu.
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The pe:utolite boosters wero sufficient in each test to fracture the
bomb casing, leaving large fragments spread over the test arca within
100 yards of the initiation site.

Conclusion

The dissolution proc¢sea hau heen shown to be effective ugainst
all non-PBX type high exploaives, reducing them to a desenaitized
sclution of explosive and DMF, Tha DMF has deronstrated no ¢con-
tribution to explosive hlast output when detonatied in the solvated form.

| . A partisl main charge removal technique has Leen shown to be feasible,
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