


New York S. [ - " Envi._____2ntal Cor ion
50 Wolf Road, Albany, New York 12233

bl
May 9, 1991 -
Thomas C. Jorling
Commissioner
Mr. Joseph Deschenes
Acting Chief, Environmental Mgt. Office
Dept. of the Army, U. S. Military Academy
west Point, New York 10996

Dear Mr. Deschenes:

RE: Closure of RCRA Storage Areas at West Point
EPA Identification Numper: N¥8210020915
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cer is to confirm the raceﬂo" £ ownar/operator and
rofessional =ngineer's certificaticn datad January
RCRA clcsure for this facility. We ncw ccnsider
officially closed. Your auth Yy Lo cperata as a
rage, and Disposal racility ) i1s terminatead
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Please ne advised that the United States Znvironmental
ctaction Agency has detarmined that the corrective ac:ion
ov1 sicns cof the Hazardous and Solid Wasts Amendments (HSW
cticn 3008(h), apply to all TSDF's which have accuired int
atus.
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The New York S;“;e Department of zZnvircnmental Ccnservatic
nas 2stablished a przgram to avaluate the corrective acticon
measuras necassary at closed and clesing facilitlies within the
Stata. Once the corrective action provisicns of HSWA have been
met bv the facility or determined not tc be necessary at the
facility, the faclility can have their interim status tarminatad.

IZ you have any gquestions recarding vcur clecsurs or
*c711=+nV~ status, n1a=¢c contast My Mavyir Aal~mar a+- (:1Q\
regulatory z2tus, pleace contact Mx. Cary Z2elcher a< [(31g)
137-5361.

Sincerely,
- ° L~ '
AN P e S

)

Salvatore J. Carlcmagme, 2.=.
Chief, Regional Permit Secticn
Bureau of Haz. Waste Facility Compliance

oy —T L.
Divisicon of Haz. Substances Recgulation

cc: J. Gorman
J. Desal
M. O'Neil
M. Dominguez - Region 2
G. Belcher
SJC:scy |
(deschene.gb)
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REPLY TO
ATTENTION QOF

SUBJECT: EPA ID No. NVY8210020915; United Statass Military
Academy, West Point, New York, RCRA Subpart X Permit
Application

Mr, Jonn L. Middlekoop, P.E.
Director, Bureau of Hazardous Waste Compliance
New York State Department of
Envirconmental Conservation
S0 Wolf Road
Albany, New York 122323-7252

Dear Mr. Middlekoop:

Pursuant £o my telephone conversation with Ms. Zllen
Parr-Doering on July 21, 1992, this letter 1s submitted zo
respend to (1) the Notice of Detficiency (NCD) received bv
“he United States Military Academy (USMA) from the United
States EZnvironmental Protection Agency (USEPA), Region II,
with respect to the Resource Conservation and Recovery AcCT
(RCRA) Subpart X permit application previously submitted bv
USMA; and {(2), the letter receive Dby USMA from USEPA Region
I, dated Sune 4, 1992, with raspecT o the RCRA Subvart X
oermit (che June letter). This letter is also rteing
addressed to Mr. Andrew 3ellina of the USEPA. USMA 2ell
shat none of the activities identified in the NOD and the
June lettaer requira a RCRA Subpart X permitT; acwever, USMA
supmits with this letter a zartial closure plan Zcr the Oven
Detonation Area. USMA's reasoning Zor this belief is
wpd Dy a

eliaves
ot

summarized in the Zxecutive Summary, which is Zoilo
more detailed explanat‘on of =ach activity and USMA
rsasoning with respect tc each activioy.

USMA pelieves that this letter may resolve all open
issues regarding the RCRA Subpart I permit except the open
nurning of =xcess propellant. Therefore, USMA Dproposas that
appropriate representatives of USEPA Region II, the New York
State Department of Environmental Conservation (NYSDEC),
USMA, and any other appropriate parties meet at a mutually
agreeable time and place to discuss fthe ZIssue of open
burning. TIf a meeting is not possible, a conference call
could be an alternative althcugh face-to-Zace discussions
would be more effective.

H
Enc’
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Executive Summary

The following chart summarizes the activities
identified bv USEPA Region II as requiring a RCRA Subpart X
vermit and USMA's position regarding the activity:

Activity USMA POSITION

1 Open burning (OB) of RCRA Subpart X permit not

axcess propeilant. required, based on training
exception. ~Further
discussions with USEPA
Region II and NYSDEC

requested.
2. Open detonation (OD) otf RCRA Subpart X permit not
unexploded ordnance, required. In place
nyreotechnics, etc. detonations are not subject

to permit requirements.
Collecticon and OD of

unexploded ordnance nas been

discontinued.
3. OB and OD of explosives RCRA Subpart X permit not
confiscated hy civilian law required. This practice naas
anforcement agenclies. been discontinued.
1. ZImergencv 0D operations. RCRA Subpar<t i permit not
required at this time. NO
U.S. Army ZOD unit =
assigned to USMA. £ the

need arises, emergency

-
)

permits will he requested as
Ju: i by applic 2le USEPA

regulations.

Par+ial closure and A vartial closure plan is
inal closure of CD area. enclosed. Final closure 1is

Py U

not practical as the OD area

is within the impact area.

Open 3urning of =xcess 2rcpellant

USMA believes that the open burning of excess
propellant is an integral part of training that does not
constitute treatment/disposal of solid or hazardous waste
-and, therefore, is not subject to RCRA Subpart X pe: it

requirements. USMA understands that its position on this



matter is consistent with the position of the Department ot
the Army. USMA racognizes that it may not naave clearly
articulated it's reasoning with respect to this matter in
previous correspondence and that modification to current
open burning practices may be required. Since this matter
is somewhat complex and is an important concern to USMA, we
sropose that further discussions be held, as described in
the conclusion of this letter, prior to exchanging any
additional written correspondence regarding this issue.

~men Detonation

USMA has ceased all activities in the Open Detonation Area
which mav require a RCRA Subpart X permit. The limited open
detonation activities which will continue at USMA do not
require a RC2A Subpart X permic pased on the policy set
for=h in the June letter.

USEZPA Region II stated the following ragulatory
intarpretation on page 2 of the June letter:

"current Environmental P2rotection Agency (EPA)
policy helds that ordnances used during training does not
~onstitute treatment/disvosal of solid or nazardous
waste.... This would also extend to the unexploded ordnance
-wat falls -o the ground during training 2xerclses.”

-

USEPA 2egion II further stated in the June letter:

ngince not all ordnances detonatecd when dropped, any
unexploded ordnances are within the normal use pattern of
LI O ‘ 1ibsegquent ir >l detonation not subje -
2CRA. ... On =he other hand, if at any point unexploded
ordnances are collected and brougnht to a ce other than
the training range to be burned or detona , then that open
burning/open detonation activity 1s subje to the £full
permitting requirements of RCRA."

O 'y

USEPA Region II also stated in the June letter:

"Range waste, such as cdud rounds, unexploded small
arms ammunition, excess propellants and trip IZlares 1is
commonly generated from military training. These types ot
waste were previously open detonated or open burned at the
Open Detonation Unit or the QOpen 3urning uUnit and it appears
that this activitvy is continuing."



The conclusion that the dud rounds ars a waste 1is
inconsistent with USEPA Region II's policy described above,
which considers unexploded ordnance to be within the normal
use pattern of training with subsequent in-place detonation
not subject to RCRA. Since "duds" are defined as rounds
which do not explode upon impact, USMA believes, based on
USEPA Region II's policy, that the detonation of duds within
the impact range is not subject to RCRA Subpart X permit
regulrements.

USEPA states a belierf that tie activiiy at the Cpen
Detonation area is continuing. This is not the case. All
activirr at the Npen Detrr=2Tion area "~~ ceased. The EOD
Unit wn.ch concucted activiiies at the uvu Zacility is no
ionger present at USMA on a regular basis. An EOD unit will
pe detailed to USMA during artillervy training and wlill Dbe

assigned to detcnating duds in place on the range. Military
items that were previously treated by the ZIOD unit are heing
-~aturned to stores or shipped to other Zacllities. The only

remaining detonation activity will be in-place detonation of
duds resulting from training activities, exempt from RCRA.

mherefore, USMA believes that the 0D area is not

subject to RCRA Subpart ¥ permit regqulrements, since the
activity cited as ragquiring the permic is not taking »2lace,
and the onlv detcnation activity taking »2lace Is not supjecct

7o RCRA.

5

OB/CD of Confiecataed Zxninsives

USMA no longer conducts, and wWill not ¢
surr 19 or open detonation of explosives ccn
civ-iian Llaw enforcement agencies. Ther=for
Subpart % permit is not raguired.

onduc?t, open
fiscated by
a, a RCRA

Tmergency OD Operations

As stated above under "Opven Detonaticn" all activity at
the OD area has ceased. An 20D unit will no longer Dbe
assigned to USMA, but will be temporarily detailed zo USMA
dAuring training to detonate duds In-place on the range.
3ased on the June letter, this activity does not require a
RCRA Subpart X permit. If circumstances arise which may
require an emergency bpermit, USMA would request an emergency
T mit. -



Closure otf the OD Area

The June letter requires that a closure plan be
submitted if the Open Detonation ar=a will no longer be used
to manage hazardous waste. Since the Open Detonation area
is no longer being used, USMA's closure plan for the OD unit
is included in Enclosure 2 as Section I.

USEPA Region IT has acknowledged that the location of
the OD area within the impact area makes it impractical to
nerform 2ither "clean" or "landfill closur=." Therafore,
USMA is submitting a partial closure plan which would
consist of detonation of any unexploded ordnances identifiad
in the OD area. Final closure activities are not described
at this time. The OD area is only a small portion of the
impact zone and in terms of any contaminants is
indistinguishable from the rest of the impact zZone. It
would be impractical to devise any closures activity Ior the
OD area independent of any activities Zor the impact zone
which would take place iZ USMA were to de closed and the
impact zone no longer used.

Response to NOD

Resconses to certain of the items 1isted In the NCD ancd
~5 certain of “he items normally associated with a RCRA
subvart { permit application are anclosed is Enclosures !
and 2, resvectively. These responses have been provided to
facilitate an sxXchange of information. Responses to the NOD
which are related to drocedures dictated by open Dburning
cermit —eguirements have 1ot been provided, since USMA
roo ; that =his issue will be discussed in %the near

b4
atura and USMA helieves that this activity Is not subject
o RCRA Subpars X permit reguirements.

Based on my telephone conversation wWith Ms. ?Parc-
Doering, USMA understands that USEPA Region II believes that
IJSMA is proceeding in good faith with Cespect To thils matter
and will not terminate its interim status 1f a decision
ragarding its RCRA Subpart X permit has not been Zinalized
ny November 3, 1992. USMA requests that USEPA Region II

inform USMA if this understanding is incorrecc.




Conclusion

USMA greatly apvreciates the cooperation of USEPA
Region II with respect to this matter. USMA proposes that a
meeting be held at a mutually convenient time and place to
discuss the open burning of excess propellant. If USEPA
Region II desires to discuss any other issues, USMA requests
that you notify us of the need Zor such discussions.

Sincer=ly,

e
Ronald 7. Massey </
Colonel, U.S. Army <¢
Garrison Commander

[

nclosures
Certain NOD Responses
Additional Iaformation

0o



SECTIO B

FACILITY LOCATION




Dat N7/9&7a09

SECTIO B

This section provides information on the locaticn, operation, and
administration of the open burning (OB} unit at the United States
Military Academy (USMA). It provides the information resquired by
40 CFR 270.14(b)(1),(10),(11), and (19), andé the corresponding
New York State regulations at Title 6, NYCRR 373-1.4(a), 373-
1.5(a){(2) (1),(x),(xi), and (x21ix).

B-1 GENERAL DESCRIPTION [NYCRR 373-1.5(a)(2)(1)]

The USMA at West Point, New York, is located in the soutiheastarn
part of Orange County along the west banX of the Hudson River,
approximately 80 km (30 mi.} north of New York City and 22 xm (
m1.) south of Newburgn. Refer to Figurs 3-1 for details. The
installation ccnsists of nearly 6,480 ha (15,000 acres), which
s
-

’4
18

~acludes the academy's campu ea or Main 2ost c¢I 1,020 aa
{2.320 acres). The ramalning 260 ha (13,x80 acres) comprise
the Military Resevrition, which is a largelvy undeveloped trac:t
consisting of Zir_..3 ranges and DivoOuUac areas Open burning
overations are conducted in a hilly part oI the Military
Reservation approximately 4.8 km (3 miles) westT southwest of the
Main Post {see Figure B-2).

The primarws mission of USMA, since 1fs inception in 1802, has
ne=n the training ancd e2ducacticn o oiZIicers seeking caresers in
zhe Unxtaed States Army. Amnong the activities znvoived wn
rrailning are artillery Ii-iag 2¥2Icises AT ranges i the Military
RLsServartion. Most Ziring 2:Xerclses generata 2wCcess dags oI
provellant sowders which zre removed Irom 19S-mm howitzZer shells
and 50, 31, and 103-mm morTar snells zo limxt tThe distances
projectiles 3re aurrad. These =2xcess Hags <annot He returned »r
otherwise recvciad, 30 thev are sturned under carefully controlled
conditior

A concrete nad nas 2se2n ceonstrucTed TO Support a steel Durn pan
containinc twe remcvanhle secntions 1n which propellants are
burned. All rasidues ramaining arftar 2ach Zurn ars ratained in
the pan until cool, and ars then tTransfarred o 55-gallon drums
for proper disposal Refar 7o Section ¢ Zor additional detail

on the characteristics of =he mater:ials being burned. Details of
the OB process itsel? are providad in 3ection 2.



- ite:

A ¢ rie of photc _raphs with accor, inying legends has been
provided as Appendix B to aid in developing an understanding of
the OB area and its physical characteristics. Refer to Appendix
B for views of the entrance gate into the OB area, the layout of
the area itself from a number of different anglas. The concrete
pad and steel burn pan placement, and other features oI the site
and surrounding area.
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Because of the need for different map scales,
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rigure B-3 1is provided
he OB area, and to locate
rface water bodies.

OB site, fed by springs at the base of the high
e southern edge of the Zacilizy. These Fflows
ach Highland Brook near the accaess -oad to the site.
so indicates the appvrox:-mats -Soundaries of the OB
e which serves as access control, z2nd the Jocation
and burn pan within the ¢3 ar2a. rFigure B-4 3hows
rmat‘on, but the map scale 2335 Zeen changed so zhat
mere cleariv visibie for zhe -mmediats area around
v of the USMA is verv irregular, for zhe Hudson
med a gorge 0.4 o 0.3 Xm (2.23 2 2.5 mi) wide in
oz the USMA. The Land ris2s sTeaply from an
51 meters (200 £t) on the Main 20st near the river
(1,420 ZtT) at the highest pcint on zhe Militarv
Approximately one-thircd of the Military Reservart:ion
cpes of 20% or greater. The reservation is heavilvy
deciduous trees and shrub, and dotzad with numerous
marsnes, and Iresh water pends.
¢ rnformation related to the zopographic maps 1is
RR 372-2.5 (a){(2)!xix):

0 sh

CcWw tThe terrain in the

the OB pacd with respect to
An ephemeral stream crosses the









Map scale and date: Scales are indicated on each
topographic map provided for this application. The date is
not shown on the figures, but all maps reflect present
conditions as of July, 19392.

100-vear floodplain area: The OB unit is not located within
the 100-vear Ziocodplain. The :100-v=2ar rfloodplain elevations
nearest to the OB area reach as high as 144 meter (472 ft)
above MSL, according to Tlocd Insurance Administration maps
for the Town of Highiands, of which much of the reservation
is a vartT. As can be seen in Figure B-4, most 2L the OB
site lies above the 22 750 £t) 2ievat:ion, and all of it
is apove 227 meters {744 y.  This means zhat the OB
operations take place at ast 383 meters (272 ft) above the
100-year flcodplain. S:in the OB unit Is 1immune from
flooding, no floodproofing or £lood protec=ion measures such
as these descraibed in NYCRR 373-1.5{(aj{2){zi)(b) ar=

raguired.
surface watars including intarmitIent streams: This
information is »mrovided »n Tigures 2-2, 3, and 4

Surrounding land uses (resicdential, commercial,
agricultural, <Tecreation): Land usas in the area
surrounding <he USMA ar2 stronglv infliuenced bv the rugged
Terrain which pilaces severa Limlis ol commercrzl and
agriculzural cdevelovment. As a result most o :tle
surrounding land 1s Zora2st, most suitabls Zor recrsational
DUrpos=s. 1 T2 Zhe USMA's soutiern bcundarvy 1s th=2

Intaerstate Park system, inciuding Bear

exXtensive 23l:
the Anthony Wavne Recreation Area. To tna

=]
Mountain ancd
=1

north of the USMA l:ies another section o the Palisades
Interstate 2ark wnich includes Storm Xiang Mountain. The

Hu ~ 1 River Zorms tii2 eastern boundary o2 USMA, ar
Constitution Isiand il:es directly opnposite tTie Maln 20StT
area. The western edge »:I the USMA abuts Zhe Woodbury Creax
valley where some residential communities and agriculcural
activities coexist. The towns of Central Valley, Cornwall,
Highlands, =Zighland Falls, Highland ™ills, Newburch, New
Windsor, and Woodbury ares located near the USMA, and have a

total population of about 120,000 »eople. Several light
industries are based in some of these centers of population
(particularly in Newburgh) but repor=edly there are no heavv
industrial activities anywnera pnear the vicinity of the
USMA.






Dat

that has not occurred as yet) disposal would take place at
an aperoved ofif-site rfacility contracted to handle such
materials. No storage of hazardous wastes is involved
pecause all waste propellants are treated and disposed of on
the same day that they become excess. There are no sanitary
facilities at the OB site, and no sewerace or water

[PERB S Vi

distribution systems.



Date: nN7/98/92

it d v} ¢ L_ate It 293, a _ave oty -l vay with
speed limits in the 35 to 50 MPH range. This roadway is more
heavily traveled during morning and evening rush hours, as it
connects West Point wilith US Route 6 and the New York State
T 1way at Central Valley. Trucks carrying excess propellant
would not ¥ using this road during rush hours. Moreover, the
total travel distances on NY 293 would never exceed 5 km (3 mi.),
so there is limited risk to trucks while traveling this road.
Again, trucks coming from NY 293 would exXit onto wWest Grove Road
to reach the 0B site, but thelr travel distance along West Grove

would be lass than 300 meters (1,000 Z%).
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SECTION C

PROPELLANT CHARACTERISTICS
40 CFR 270.14(b)(2), 264.13(a), and
NYCRR 373-1.5(a)(ii), 373-1.5(a)(iii)



&

Date: 7/°R7a2

SECTION C

C. PROPELLANT CHARACTERISTICS {40 CFR 270.14(b)(2), 264.13(a),
and NYCRR 373-1.5(a)(ii) and 373-1.5(a)(iii)]

The physical and chemical characteristics of materials treated at
the Open Burning (OB) ar=a are described in this section of the
permit application. All materials handled at the OB facility
have the hazarcous characterrst.c oI r=activity (D003) ancd are

potentially toxic. Reactilve mater:als Irom ordnance can be
classed as propellants, exp.osives, Or pvrotechnics (PEP). Cnlv
propelilants ar=2 treatad at tle OB ar=za. The general chemical and

physical characteristics oI the PE? arzs descriped 1in Section C-1
Section C-2 contains a wWwaste analysis plan that addresses

procedures for sampling, testing, and =2valuating the residue
generated :Irom OB ac:;v;u‘es. The inZormat.on submitted has been
an-lope% in accordance with the reguirements of NYCRR 373~
1.5¢a) (1) and 373-2.3{a){~i1".

C-1 CHEMICAL AND PHYSICAL ANALYSES [40 CFR 270.14(b)
264.13(a) and NYCRR 373-1.5(a)(ii), 373-2.2(e)(1)

(2),

)]

C-la Containerized Waste [40 CFR 270.15 and NYCRR 373-1.5(b)]
USMA does ot store container>zad Wwast=2.

C-1b Waste in Tank Systems [40 CFR 270.16 and NYCRR 373-1.5(c)]
U3MA does not usSe Tanis ©o 5-0re O Tr2at hazardous wasta.

C-1c Waste in Piles [40 CFR 270.18 and NYCRR 373-1.5(e)]
USMA does nntT tise wasT2 D125 To sTore or tI2at hactardous waste.
- 1 Wi ces [40 'R 270, L © NI R -1. ]

USMA does not <dispose oI hazardous waste Ln landIiil

C-le Wastes Incinerated and Wastes Used in Performance Tests {40
CFR 270.19 and NYCRR 373-1.5(f)]

USMA dces not incinerate nazardous waste.
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Mixed nitrate esters are a propellant composition developed

to replace the triple-base comp
nitroguanidine shortages.

composition contains nitrocellul
TEGDN
(diethylene glycol dinitrate).
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A

ed at USMA are shipped with
lon cartridge, and a primer.

The propelling charge Zs contained in increments {(Xnown as
charges) in bags. iring rtables are used to detarmine the
correct number o2I bags or charges to he used Zor fir:zng. The
number of charges used dscends upon the distance f£rcm the firang
point to Thle Lmpact point. Zaarqges noc eedec ars excess and
must be burned. In combat and Iraining Zuations these charges
are burned in the field. At USMA the cartrlages incliude seven
bags of propellan:z. ©Onlv Iwo dags are usad. The remalning
excess bags ars surned in the »urn pans

Explosives

USMA does not treat a24plosives or Dvrotecinics bv 0. However, 2
discussion of expiosives and Qyrotachnics follows because this
information is relevant to the closure of zhe OD unit that is

discussed in Section I

-
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Date: n7/72/a»

extensively for the ignition of propellant. Stab
detonators are used to directly initiate secondary
explosives. Electrical primers are used to ignite
the charge which may zZ.:2n underco a deflagration
TOo detonation transfer. There are several types
of electrical primers, these iaclude: exploding
bridge wire, hot wira bridge, f£i ori

conductive mixture, and spark ¢

The second =lement in the axplosive tra:i
which contains a larger guantitv of lass sensitive bur more
powerZul material called 3 secondarv nigh 2xpiosive. The

ocoster 1s used either as an intermediate 5Tage to detonate

material that 1s too insensitive to be detonatad by the

relatively weak initiator, or to ensurs compleze

deterioration of the main charge. The main caarge also a

secondary explosive. It is tha nsitive ma ial but
ot n

i
comprises the bulk of the explosiv

®
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O fu 14 1y W

2xplosives differ from primary explosives 11 Tiree

O
ry

7

2 ; B
wavys: 1) small uncombined charges cf secondarv 21plosives,
even though ignited, do not transfer 2asily from a buraing

or deflagration reaction to a detonation; 2) ignition by
electrostatic spark is difficult, except in the case orf dust
clouds; 3) the shock required for ignition is much greater
for a secondary explosive. Secondary explosives can be
divided into several classes that are less saensi-ive thnan
primarv explosives. These consist of =he folliowing:

Aliphatzic nitrate esters
- There are several common compounds in =his

category. These compounds are prepared by
attaciing an oxvgen a:tom o the compounds neing

nitrated.

* 1,2,4-8utanetriol Trinitrata (RTN! 1s 13 Jood
gelatinizer Zor n1trocellulose and can be
us2d 3Is a supstitute for niTroglycerzn in
doublie-basec propellancs.

* Diethyleneglvcol Dinitrate (DEGN) can be used
as an explosive and can be used in
propellants as a colloiding agent Zor
nizrocellulose

Propellants based on DEGN
o)






























Post~-Burn Activities

After each burn,

concrete pad unit is inspected (see Sec

the immediate area surr

Dat

the burn »2an and
Anvy unburned

ounding
tion F).

propellant would be collected and held at USMA until the next

scheduled burn.

not in use to prevent precipitation from ent ering

Prohibhited Items

The OB unit containment pans ara covered when

~he burn pans.

Certain items are prohibited from OB by Armvy regulation (AR-200-
1)}. These include military chemical warfar= agents or related
compounds, or materials contaminated with these agents. Tvpical
military chemical warfare agents and related compounds include,
put are not limited to, the following classes of agents:

choking agents

nerve agents

blood agents

bilister agents

incapacitating agents

vomiting compounds

herbicides
A second ¢roup of items are prohibited from rourine =r-zatment bHu-
mav se tr=2ated under emergency conditions.

smokxes

Titanium tetrachloride (FM)

Sulfur zrioxide - chlorosulfonic acid (Ts)

Hexachlioroethane (HI) mixture (6.58% grained aluminum,

45.56% zinc oxide, and 46.66% hexachloroethane)

Wwhiot Dhosphc >us (WP)

Bulx red ohosphorous (RP)

?lastzcized white pnosphorous (2WP)

01l smoke .

Colored smokes (red, vellow, green, violet, whita,

2TC. )
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Incendiaries

Zutectic white phosphorous (ZIWP)

Napalm B (50% polystyrene, 25% benzene, and 25%
gasoline by weight)

Thermite mixtures (i.e. TH3 which contains 63.7%
thermite, 29.0% barium nitratcte, 2.0% sulfur, and 9.3%
21l as a binder)

Tear producing compounds

In some cases, ~reatment will De allowed witil special item-
speclfic restTtrictions as necessary TO mesT tThe standards.
restrictions would include identificaticn Of tle approvr:iate

t technology and OB quantityvy limits per event or over a

. time. As determined on an iz2m-bv-item basis, ordnance
meeting tie anvironmental performance standards established
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n Secticn T will also be prokribited IZIrom trzatment Dy OB.
inaliy, OB ot any material that is not reactive (D003} 1s
rohibized.
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SECTION D

D. PROCESS INFORMATION

This section provides information on the facilities, equipment,
and management practices pertaining to the burn unit at the USMA

facilitvy. The bDurn unit consists of the Oren Burn (0B) unit on
Range 2. Secticn D-8 provides details c¢n the OB uaniz.
D-1 CONTAINERS [40 CFR 270.15 and NYCRR 373-1.5(b)]

USMA does notT stora2 hazardous waste 1in contalners.
D=2 TANK SYSTEMS [40 CFR 270.16 and NYCRR 373-1.5(c) ]

nct manage hazardeus waste in tank svstems.

(@
147]
4
=
(@]
o)
D
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D-3 WASTE PILES ({40 CFR 270.18 and NYCRR 373-1.5(e)]
USMA does not manage hazardous waste In wasta Dilaes.

D~-4 SURFACE IMPOUNDMENTS (40 CFRrR 270.17 and NYCRR 373-
1.5(4d)]

USMA dces not manage pazardcus waste 1n surZace impoundments.
D-5 INCINERATORS (40 CFR 270.19 and NYCRR 373-1.5(f)]

1C11erators.,

P

USMA does not manage 1a-irdous wWaste 1n L

3

D-6 LANDFILLS {40 CFR 270.21 and NYCRR 373-1.5{(h)]

-

USMA does not manage razarZous wasze 1n landi-lls.
D=7 LAND TREATMENT (40 CFR 270.20 and NYCRR 373-1.5(g)]
USMA does not manage nhazardous waste -n land treatment units.
D-8 MISCELLANEOQOUS UNITS: OPEN BURNING (OB) [40 CFrR 270.23
and NYCRR 373-1.5(3)]

D-8a Description of Miscellaneous Units [40 CFR 270.23 and
NYCRR 373-1.5(3))
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p-8a(1) Descriptio~ of B rming Trays (Pans) and Materials
Treated [4u CFR ?7u.c¢3(a) and NvVrPo 373-1.5(j)(1))

UsMA conducts thermal reatment of various propellant wastes
using OB. All propellants tTreatad are reactive materials. OB is
the most effective and safe treatment available. A general
description and historical summary of the OB aresa and operations
are provided in Section B.

OB, as curr=ntly perzZormed, 15 the controlled burning of
propellant materials 1in metal pans located within the designated
OB area of USMA. The Dburn pans ara located inside of metal trays
which serve as secondary contaiamen:z. The pan is placed on top
of a concreta pad to provicde acdditional containment. The OB area
consists of a gravel lot appreoximately 100 feet by 200 feet. The
area 1s approXimately 300 re=t ZIrom Route 293 as shown 1n Figure
B-1. A padlccked metal gate is lccated a3t the roadway entrance
to the s3ite. A sign re=zading "Dancer - 2anges Ar=2a - Authorized
Personne’. Onlv" is posted behind zne gate.

The freguency oI hurn and tThe Juantity of oropellants contained
in, ancd the number c¢f items :tra2ated annually at USMA varies from
year to vear. Future frequencies and quantities will devend on
future DOD activities. The primarvy influenc:ng factor i1s the
lavel of training activities.

The burn pan assembly consists oI an outer containment van with a
cover and an interior oJurn  pan. The contalnment pan was
constructed using 1/4-inch <thick stsel Dboiler plate. The
containment travy 1s 31 simpl:s rectangular box with the dimensions
oI 3-feet, 2-1nches wide bv l2-feet long by l-foot aigh. The
containment pan 1is Zfitted with an aluminum cover, equipped with
handles. The cover <c<an »2e manually lifted over tihe pan and
fitted down over 1ts sides. The 1nterior Durn pan was
constructed using 1/4-inch  thick stee borler nlate. TWO

cal
21 - oan S-inch in height. =2axi 1ding along ti
iengtin of the underside oI =2acn pan, »ravent the 1nterior »Hurn
pan from c¢ontacting the Iloor of the <ocntainment »an. The
interior burn pan i35 lined with 3-inch thick heat resistant fire-
clay anchored to <the :nside of zhe pan wWith stainless steel
anchors. A drawing oZ the burn pan assembly 1is included in
Appendix D-1. The condition of the pan wil> be determined befors
each use. Although highly unl:iXely, becaus2 of the nature of the
burning pan construction, any le2aks o©of materwal ZIZIrom the burning
pan will be detected by visua. inspection.
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inte¢ .ty. Any significant dete (o1 :ion will result in
cessation of burning operations. Double containment is provided
for the burn pan. The burn tray is placed inside a second steel
pan. This pan 1i1s located on tTop OI a concrete pad. If the

primary pan should dZevelop a leaX, It weculd be contained by the
secondary pan.

D-8a(2.3) Deterioration or Malfunction Procedures

The most serious detericration or malfunction during OB would be
+the loss of integrity oI, or the develovment oI a leak in, one of
<

the burn pans. Should an accidental relzase occur, the released
materials will »e collected and 2ither zreated in the next burn
(if reactive) or =Taken tTo a Zispcosal site. All matari1ais treated
are solids, whica can De =2as.lv collectad iI raleased. IZ the
pre-burn inspection shows that the pan integrirt: nas bean
compromisad, 1T will not ke usead. Where most-burn inspections

show that <the pan is deformed or 1its integrity has been
compreomisacd, LT WilLl 2e Taken 2ut of sarvica and renaired.

D-8a(2.4) Prevention of Accumulated Precipitation Within 3urn
Pans

The accumuliation ©OIL DIr2CLPLTATION WiThln

—he Dbura pan could
provide a means Dy which hazardous constituents

in the ash could

ba released ©o the environment. Dampness n the »ans would not
inhibit the burning of =tie propelliant because 0f its extremely
reactive naturs cnce reacTleon  is  initiated. Juring non-

operational Dericds the use ¢ ©Dan covers Will ©pravent
Drecipiltaticn IIom  accumuliating 1 The Zurn vans. Each cover
Will D2 =2cuilpped W 25 TO 31l12W operations personnal to
move 1t e3as: ZZ the 2an. These covers, the
speciiications =IZor which ara iven xn Appendix D=1, ara t:zght
fitting and will ramain n  The Dpans during acn-overational

8]

periods.

In the uni:ikely 2vent <hat water accumulates ia a burning pan and
could inhixit trzatment 27 fectivaness, it Will be removed either
by pumping iato a drum or 1t will bDe scueegeed . into a d&rum,
sampled and analvzed = accordance with procecures outrined in
Section C. and disposed in accordance with appropriate
regulations. Any accumulated precipitation would not be a
reactive waste. £ analvse determine tThat the water 1s

S
contaminated with propeilant ceonstituenzs it will be disposed of
1n accordance with approopr:acsa ‘
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D-8a(1)2.5 Ash/Residue Management

Ash and untreated energetic material 1s potentially generated at
two locations in and around the Dburn pan; within the pan as a
result of the burning process, and surrounding the pan because of
the potential ejection of progellant. Following a burn, the ash
from the burn pan will De collected and placed in a labeled steel
container with secured lids. If any untreated propellant is
kicked out of the »nan during trszatment, -t will be collected and
treated in the next surn.

D-8a(l1)2.6 Fire Hazard Minimization

Tiection Of =2nergetic matarial durlng the burna can result in the
ceposition oI hot =mbers on the ground adjacent to the burn pan.
The Zire nhazard will be minimized durlng open ourning simply by
the fact that the »2an 1is 1in the OB area, .ocated c¢cn top of a
concrete nacd, with the immecdiate adr“ouﬁa,“g area clearesdc of
combustible material. I additien, during a burn cperaticn,

D

fire-fignting personnel and equipment ars on arart andé availiadie.
The fire department wWill wet down tThle area wWiTll watar »rior =o
burning in order to minimize anvy Iire hazaré anéd remain ther=a

with a fire truck during tie burn. 2rocecdures and s2cquipment made
availlable <for ©protect:ion, in the unlikely event <that an
uncontroiled fire starts, 3ire discussed in Section G ‘CZontingency
2lan).

D-8a(l)2 Standard Operating Procedures

After the day's trasning 2xercises. the »hags of preovellant will
e placec into the bDura zan. The oropellant shall be ignitced and
allowed to burn.

OB operations wiil nct 2e conducted Zuring elecIrical storms
or Thunderstoras.

OB operations wWwiil D=2 rTastriczted 2uring veriods of hgh wind

velocity.
No OB operation will e left unattended during the acti
portion of the operat:ion (i.e., <during the actual burn).

OB'operations Wwill not be concduczad during per:ods o:i local
alr qualiity advisories/alerts.
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Dry grass, leaves, and other extraneot combustible material that
has blown in or been brought inadvertently into the burn area
will be removed from the concrete pad and the area adjacent to
the pad. Then the burn van wilil be inspected to ensure that it
is in good condition and has Dpeen properly prepared for burn
operations. In particular,. the inspection will 2nsure that there
is no excessive rust., no excessive buckling or warping of the pan
because of excessive heat, no splitting or holes in the pan, no
deterioration oI welded seams, no =2vidence of metal fatigue, and
that the pan 1s £free of debris, +trash, r2fiuse, unburned or
incompletely burned material or ordnance, oOr any other material
that is not suprosed %<0 DbHe zchere. Z< conditions are not
otherwise sazie, i T
conditzons are rastorad.

De used until safe

-

a the bDHurn »2an wWill 1ot

erators wWilil check to ses
n are those specified,
and that no other mate ire In the rTan. The
contents oI the pan Wi O Zurn until combustiblia
materials are ccnsumed. This will take less than one minute.

‘g

Once the burn pan has been nraparad, o
that the materials placed in =che &
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operatIons r2 conducted in accordance with Deparzment of
nse SCPs as well as Military Service-specific SOPs. The
ric procedure for OB 15 documented in USMA REG 285-11. This
n

4

ce .s periodically reviewed and updactecd.
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D-8b Propellant Characterization (40 CFR 264.601(a)(1),
264.601(b) (1), and 264.601(c)(1)]

The chem:zcal and pnyszcal characteristics of matarzals tvypically
burned i1n the C3 ar2a ar2 presented in Section C of tais permi:
application. The maximum weigit of materxal burned at any one
time in the purazng »an 1s basad on the net evplicsive weight of
the material being Hurnad The net 2xpLosive weilghzt limitact.ons
for cpen burniag ara set Zorth :n Secticn -3

D-8c¢ Burn Effectiveness

The 1initial evaluation oI Huraing =a7fact:iveness- 15 basa2d con
visual inspection. Successiul ouraing ot propellant b
demonstrated by destruction of <the nhvszcal Zorm of the

propellant from a granule or plug to a fxne ash. If the physical
form of propellant has not been changed, th ourn would Doe
considered to be ineffective anc the material would be reburned
in the next burn. After it is determined that =a1e burn 3is

-~






SECTION E-3

AIR PATHWAY
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E-3 AIR PATHWAY

An air pataway analysis was conducted for open burning (OB)
cperations at the United States Military Academy (USMA) located
11 West Point, New York. The USMA is situated on the west bank
oI the Hudson River, approximatelv 50 miles north of New York
Ci:v and 14 miles scuth of the town of Newburgh as shown in

igure T-3-1. TInformation regarding the 2B a-r emissions and the

ccmponents orf the air pathway analysis are described in this
szaction. The information is partitioned 1nto two (2) princ:pal
5udject areas. These areas are:

mnv.renmental 3etting
OB Zmissions

Zach of taese 3reas contain Zormatien addérassing the existing

-

-

»

p]

environment at the USMA, the criterrz used to Zevelcp the
anvironmental perZormance standards, and an issessment of the air
2missions and thelr impacts relative To 2stablishing
2nvironmental veriformance standards for the IJSMA s-zeo.

E-3-1 ENVIRONMENTAL SETTING

E-3-1.1 Facility Description

The USMA installation consists oI approximately 15,974 acres,
winich iIncludes the Main Post or campus area and the Military
Resarvaton Wwnicl 1s a largelwv undeveloped area consisting oI
firing ranges and 2ivouac arsas. Appreximately 12,300 acres (73
percent) of Iie USMA 15 _occatad in the Town of Highlands The

remainder o»f tie USMA property s i1n the Town of Woodbury

(approximately 2,800 acres), zhe Town oI Corawall (approximately
200 acres), and acreoss the Hudscn R1ver 1n Putaum County on
Constitutzon Island (280 acres). The OB unit is locatad within

M T Lt oty 1 osert Iieon porTion of Il Ir zallation at ¥ g 2
which 1is shown in Tigure =-3-2.

The primary m:ssion of the USMA »s the aducation and training ot
undergraduate cadets for careers as c=Ficers :-n the United States
Army. Military training activities _nat are a »nart of the USMA

. education program include range activities wnich involve firing
of various artillery. Nationail Guara units are also trained in
artillery at the USMA. As nart of thesa training sessions,
excess propellant powder 1is removed from the 105-mm shells. The
exgess propellant powder is thermally treated Dy OB 1n the Range
2 burn
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area which 1s equipped with a burn pan. Excess propellant from
mortar rounds fired at Range 6 is also transported to the Range 2
burn area Ior thermal treatment.

E-3-1.2 Topography

The USMA 1s located in the geologic formation Xnown as the Kudson
“ighlands section of the New England physiograph:ic province.
These hills extend in a southwest to northeast direction and
comprise about 14 miles of the river front between Cornwall and
Stony 2o0int, New VYork.

The Topograpny oI the Military Reservation 13 2XTremely
irreqgu-ar. The Hudson River has formed a gorge one-guarter to
one-hali mile wide through the Hudson Highlands. The land rises

snarply from an =levation of 200 feet on the occuprad area of the
Main P2o0st ToO an elevation of 1,420 feOt Wwithin the Miiitary

Reservaction 2T Bull Hill. Approximatelv one-third orf the total
area oI the Military Reservation consists of siopes orf 20 Dercant
grade or staeper. zIxtensive forests, predominantly deciducus
trees and shrubs, cover much of the rugged “errain. Small
swamps, marsn2s, and freash water ponds and lakes are also locaztad
on the Miltary Reservation.

The OB burn ar=a is located within a narrow val
northeast-southwest through the OB site. Terra;j
23S8T, sSoutn and north oI tThe site.

E-3-1.3 Land Use Classification

The USMA 1is located in an area characterized bv rugged
topography, with predominantly resident:al, agrrcultural and
recreational rand uses. <onticuous tTo the southern doundary o7
USMA is the =2xtensive 23l:sades Intarstats Park; =o £h2 nor=h is
the Storm Xing State 2arik; =zhe Hudson River =lows alon g The
eastern boundary: and to zhe 2ast <f Constitution Isiand across
the Hudson River is a 69 acra Darcel marshland owned bv —he
Taconic Stats Paris Commission and adminisceraed py =he National
Audubon Soc:iety.

The towns of Woodbury, New Windsor, Newburch, Corawall, and
Highlands, are located on =he west 3:de of Zhe Hudson River, near
the USMA. The combined population oI these Towns >n 12380 was
102,500 or 38 percent of the total Population »Z Orange County.
Light industries exist 1n these pnoulation centers, sut,



repo: ily, no heavy industrv occurs
installations 1in Orange County.




Date: N7 /nc /0’)l

E-3-1.4 Meteorology/Climat~'ogy

-

The climate o the USMA 1s primarily continental in character,
but is subject to influence by the nearby Atlantic Ocean which
lies approximately 350 milss to the east and south. The
moderating effect on temperatures 1s more pronounced during the
warmer months than 1n tine winter when outbursts of cold air sweep

down from Canada. In the warmer 3seasons, temperatures rise
rapidly in the daytime. However, temperatures a.so Zall rapidiy
fter sunset so that the nigihts ar=s ralatively cool.
Occasicnally ther=s are axtanded 2erzcds of opprassive neat u4p =o
a week or more 1n duration
Wintars ar2 usuarly cold and scmetimes fairlv severa.  Maximum
temperaturas 4uring the colder winters are oiten Selow freezing
and n:ighttime lcw ta2mperaturas ars frequently helow 15 degresas.
Sub-zero tTamperaturas oCcur apout 3 times a year. 3Sncwfall can
De quite varizgkls Throughout the arsa and snow Zlurries arse guiza
freguent during che wintar mentas Pracipiciaticn is avenlv
distributed tarsugiitcut tThe v=2ar and 13 sufiiciant o serva —ie
needs of tTie arsa for MmostT vears and only occasionally do periods
of drought exisc MosT Cci tThe rainrfall in the summer is from
thunderstorms wnil=2 large extratrcopical storms provide
precipitaticn 1n tae Zall and winter mcnths.
The USMA does not maintalll 2n onsite meteorological monitoring
station for the zursose oI r2ccrding local meta20rological
conditions. The closest r2pcrting surrace weatier observation
station 1s at the StewarT Airfield in Newburgh, New York, which
1s located apout 12 milias norzhwest of th2 OB Treatment site.
This site has bsen chosan <o r2prasent tle cl:imatological
variations of wind speed, winé direction and cemperature that
exist at the USMA installat:ion Climat o1og1cal data Zor the 27-
year period 1942 through 1962 ara 2iscussed Helow.

7 ng Ev :s pE-B can be <haracter:zed 3as 22ing moderace
with the warmest montih bexing Julvy. Wintars are raascnablv coid
with the coldest <emperaturss occurring 1“ 2

Persistent northwesterly “low -n the winter can prcdéuce periods
of severe cold. Dur:ing the cl:imatoliogical zeriod of record the
lowest temperature reportec for the area was -20 uegLees T in
1967. The warmest temperatura -ecorded was 102 egrees F,. which

occurred in 1953. A summary of the mean montn!y anc annual
temperatures are provided in Tabla Z-3-1

-—- -

ol
r
I Thi2 month o Januarv.
a
T
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Ambient concentrc_ior of sulfur dioxic were ¢ Lllected at 1T
Mountain State Park, which 1s located south-southeast of the USMA
OB site in Rockland County. In 1990, 3-hour, 24-hour and annual
concentrations of sulfur dioxide wer= well below the Federal and
state air quaiitv standarcds. The maximum 3-hour sulfur dioxide
concentration was 376 ug/m*, which is 29% of the Federal standard
and 58% of the New York standard. The maximum 24-nour sulfur
dioxide concentraticn was 115 ug/m?, which 1s 32% of the Federal
standard and 44% ot the Vew York standard. The annual average
sulfur dioxide concentTracisn in 1990 was 27 ug/m3, which is 34%
of noth the Frederal and 3tate of New York standards.

The closest menltoring sitTa ©o the USMA OB s.ta <hat
cclliects ambiant 2MiJ cencentraticon data is locatad in
MT. Ninnam which 1s located 15 miles tTo zhe =ast-
northeast n Putnam County The maximum 24-hour
concentratcion reportad In 1990 was 2% ug/m>, wnich is
19% cf the 150 ug/m® Fedaral and state standard. The
1990 annual average ccncentration was 14 ug/m3, which
1s onlv 28% of the Tederal and state standars. '
E-3-1.6 LocA' *"missions Data
Air emissions Irom the USMA OB operations wi_l inciude various

i
products of completa and incomplete combustion. Some of these
same OB 2mission contamlnants may bDe emitted bv other sources in
the local area.

In order To assess Tlle DOTantial contribution from other sources
Wwithin the lccal 3srea. emission inventory data was reguested from
the NYSDEC Zcor all scurces _ocatad within two (2) n_‘_s oz the
USMA OB s5ite Zmissions data f£or other sources of criteria and
volatile organic compounds within two miles of “he USMA OB site
as of June, 1992 ars shown in Tabla Z-3-3.

T "le £-3-3 inc =~ 3 2m13:¢ >n Sa: in ibs/vr “or 12 I the
criteria pollu:a 1Ts 30., NC,, CC. »particulats mattar, and
volatile organxc compounds Tha only other sources iaventor:=d
by the NYSDEC N**nln 3 2 mzl2 racius 2f the OB site. ara located
at the USMA. These sourcas inciude build up boilers, a »ackage
boiler, paint spray bootls, a sand blasting unit, ztumbi= dryers
and a sterilization upnit.

A majority of the emissions Srcm these sources iare Ior =he
volatile organic group wnich totals 134,105.1 lbhs/year All of

these
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9 propellants, the chemical or energetic constituent of each
propellant., and the approximate weight percent composition of
each constituenzt. This air pathway analysis used the POLU-11
combustion products model to calculatz2 the emission products for
the USMA OB propellants given in Table Z-3-3.
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E-3-2.2 Combustion Products Model

The POLU-11 model was developed by the U. 5. Navv to estimate air
emissions from OB operations where energetic marerials are
treated (Barcody and Tomznack, 1987}!. The model also has th
capability of estimating air emissions fo- open detonation
treatment. The POLU-!! model includes a file of haaz capacity
coefficients and enthalpy/entropy constants f£or numerous
potential combustion »roducts. Currently, there are over 1,400
chemical species in the filae.

The POLU-11 model 1s designed to operate Wit up TO nine (92)
chemical constituents. plus a*r, »er run. Tha mocel chooses the
compounds To <cnsicer in tha COompbustion calcula-icons Dased on the
elemental composition of the energetic mater:xal hHura=d ZZ the
eﬂerqetﬁc materzal Hurned contains the slsaments cars=on, Avdrogen
Xygen or nitrocgen, The »rogram considers the alemen=s possihla
comnus;lon Jreducts. The total number of combustion products and
products oI inccmplete combustion considerad Zo- faci caliculat:on
1s iisted in the output data. Thls combusction zrocduct librarv
contains most 2I the speciss formed from 2nergstic materials that
ars used bv the Armv
3ecause tlhe 2x¢act material/air —atio where complete ox‘da::on
occurs 1s nOot Xnown Zor a given energetic material, tThe PCLU-11
program pradicts producti AF combustion at various material-to-
air ratios and alaylays these resulcts in the output Zvaluation
Oof these output Zata raveal the trend in ComMPOSItioan of the
compusticn o:od"c:s a5 tThe materlal-to-alr ratios varv. For mosc
énergetic matarzals, complata oxidation occurs at 69 -o 70% air
intake (Z.2. material-to-alr ratios of 40:50 and 30:70). This
conclusion was razcned hased on a Preliminary onsica evaluar:-on
of the POLU-1l oragram at the dugway Proving Grounds, 1n Utan, on
May 22, 1386. Th:s compustion oroduct evaluatisn was sased on
burn:ng waste Navy =2xplosives in 5,000- and 2,350-.5 sections. A
he11cop er, Dassing zarc :h :E 2cus clcuds Zorn i from =
burns, sampla2d =wo mazor 1ndlcator gasas, carson monoxidae and
hAydrogen chlor:de. The measured cardon monoxide concentration
fell between the 20LU-11 pradicted values Zor the 40:6C and 30:70
material air rat:ios. Tor che Jurpose oI Tals analvsis, 1t has
been assumed that =-he POLU-11 model outputl contalned in =he 40:50
and 30:70 material-to-air ratios is mosct T2presentcative of the 0B

treatment Processes.
Additional technical information on the FCLU-1. model :1s
presented in Appendix =z-3-A.
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-4.4 S¢ s

The soils found on USMA are classified as the Hollis-Rock Qutcrop
Association and are characterized by sloping to moderately steep,
well-drained, medium rtexture soils that overlie crystaliine
bedrock. Areas of soil dev2lopment are limited to the valley
areas and flat-lving upland areas. The Hollis soils are gravel
loams, with varving amounts of fine sand loam and sand loam.

i 1ty 11 this soil is Zfa:rly high, w-oth values ranging

i 2T per dav. Figura I-4-7 3hows tAaree typical

E-4.5 Hydrogeology

T2 data, Iiere 13ve een aAc malcr ayérogecicgy studiss neriormed
at the OB uniz, Inus the Ziscussicn prasented nera 15 hHased or
cimitad site-speciiic and more facilitv-wide informaticn This
inizsrmation inciudes the ESE (1984) and tha AZHA {1988} studies,
Sroundwater underlving USMA i3 found i3 an unconsol-cda-zd aquiiar
oI alluvial deposits and a consolidatzd bedrock agulier. The
aquiler systams are connected and both have iow well v>21ds and
iimited extent and are, therafors, incapabie of large municipal

supply.

Jnconsolidated Aguifer

Stratified sand and gravel cepcsits are tie most TroliIiic sources
0Z groundwater at the insztallat:rcn The deposits ars r2iatively
zhin and are capable of decmest:z suPrly Decause of Zairlv small
Ww2ll yields averaging 40 sallons Der minut2 {gpm; WaTar L the
unconsolidated aguirfer usually occurs under water Tanlia
conditions. Rechard2 =o this iquifar i3 prmari.v ceczause oI
local precipitaticn, aizlouch some upward seepage from hHedrock
does occur in The lowiand araas Glacilal i1l deposits aunibi-
200r sorTing and 3 11gn clay contant That sasult3 tn Low TOrosityv
and Dermead:il making the unstrat:ified Zill a poor 2quizer
3vysTan W2l 712lds are low, WLT2 in avarage o 2 Zom
Jonsclicated Aguifar

Conscolidated rocks underlie all of USMA and conrain recovaerable
SUantiTias OL Watar in zhe UprPer weathered and “racrturaed
porticns.  Wells cpen to the consciidatad sedrock have sur<icient
712.C¢ for domestic and other smal. demands. Grouncdwatar 1s found
1 zh2 jointed, ZIractured, and weatherad zorTion 2:Z the nedreock














































SECTION I

CLOSURE PLAN
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Al bry

There is a growing need to predict the pollution products at open burn
sites. Under the sponsorship of the Ordnance Environmental Support 0ffice,
Naval Ordnance Station, Indian Head, a2 computer program has been developed to
- predict the combustion products when explosives or like materials are openly
burned or detonated. This report explains the theory, assumptions,
problem/solution applications of the computer program written for this purpose.

The computer model was challenged using produttion wastes., The actual
data closely followed the predicted data proving the validity of the
predictive model.






--—JRY A.. ASSUMPTIONS FOR O._.. BURKR/OL_.. DETONATICN CALCTLATISNS

The computer pr--—~— calculates the polluzion combustionr produccs der
10 diffe;y condiz! .

1. Open Burn (0B) - under these conditiocns the material is mixed
vizh zir and they burn together to form ths pollution products.

2. Open Detonation {0D) - under these conditions the material is
detonated. first, after vhich air is mixed with the detonation products that
react to form the pollution produets. ‘

Open Burm

The necessary thermodynamic data for the material's ingredients and airz,
the veight ratios of material/air and the two pressure values of 1000 and 14.7
psi are read into the computer as input data. The flame temperature,
combustion products, moles of gas, entropy, and other pertinent data are
calculated for the material/air mixrures under a pressure of 1000 psi. The
volume of the combustion products are then expanded to 14.7 psi which causes a
temperature drop in the products. At this lower temperature, the products
bave a2 different composition from tHat ac 1000 psi. The computer procedure
goes through a similar routine it did at 1000 psi to recalculate the
combustion products, flame temperature and other variables that changed
because of expansion. The produets calculated at 14.7 Psi are reporced as the
pollution products in the cutput data. ‘

Even though the calculations are conducted at 1000 and 14.7 psi, the
material does not have to be disposed of under these conditicns to predics the
pollution products. The calculations are conducted in this manmer for the
following reasons:

1. It simulates the drop in temperaturs as the gases cool to ambient
conditions.

2. The combustion products ."freeze” in coxtosition before they reach
o D erature.

3. The combustiocr products of explosives and propellants forzed in the
- combustion czlorimeter are in good agreement with the products
calculated by the computerS.

4. The heats of explosion calculi:ad from the PE? computer program
‘closely approximates the actual values determined from calorimecric
data®, ) . .






Riali

e

-u@ ¢ ! input data {3 used for bothk che 0} b1 1 jen "tomat:
( ilatir=-, ~ opem bu.., & material and the air are zixed and durmed
together at 1000 psi and then the combuscion products of this mixture are
expanded to 14.7 psi. In detonation burms, the following conditions are
assumed:

—

1. The naitrixl explodes firse, forming combustion products that do not
inizially react with- the surrounding air.

2. During the explesion, the hot gasaes expand, shock vaves are created,
etc., causing an energy loss of the combustion produces.

3. The .combustion products at the reduced energy are :henv:enc:ed with
the surrownding air to form the pollution produces.

Yatezdals EXplode ¥irst

In'thc open burn calculations, the air is mirved vith the air inicially -
at 1000 psi and alloved to react together. Iz open detonations the material
explodes, forming combustion products without mixing with air.

Loss of Fnergy

When an explosive detonates, shock vaves and cher processes occur that
cause 2 loss of energy and a drop in temperature. The progran zssumes that
this energy is lost before the combustion products react with air at the buzn
site.

Cogbuation Producty at Reduced Pperze

The calculated energy loss is subtracted from the total energy of the
explosive before the combustion products are reacted with air. The
calculations then follow the open burn procedure discussed above. That is,

. combustion products at a reduced energy leveal are mixed with air ac
1000 psi and allowed to expand to 14.7 psi. This is the major difference

between open burn and open detonation calculazions.



NS Lo comd/le s waad (0B/0D) CAlvaces Cue

Mater . t4

A major problem in calculating pollutien products is the materiazl/air
weight ratio that burns at the site. The weather, quantity of material to
dispose of, wind speed, location, etc., are factors that greatly influence t!
material/air weight ratios.

.To circumvent this uncontrollable variable, a series of material/air
welght ratios from 100/0 to 10/90 in increments of ~10/10 were calculated.
The output data shows the trend in the composition of the pollution produc:s
as the ratios vary. Even though the approximate ratio isn't known, the
. calculations show the extremes expected of the products' compositions for
disposal of materials by burning.

Torzation of Carbon Dioxide and Water

How much carbon goes to carbon dioxide and hydrogen to vater would
depend upon 2 number of factors. Two main factors would dbe the presence of
other elements and the freeze temperature. For example, boron carbide, HC1,
and HF would form if boron, chlorine and fluorine were present, Some '
hydrocarbons would likely form in many cases. Above the freeze temperature,
most of the residual carbon and hydrogen would form carbon dioxide and water
1f enough oxygen were present. The ideal conditions would be for this to
oczur in 0B/0D burms.

If analyses of future 0B/0D burns could verify that this does occur,
then the material/air weight ratiog could be varied wntil all of the residuzl
carbon and hydrogen went to those two products. That particular naterial/ai-
weight ratio would then be used to predict the combustion products formed.

Even if not verified, the material/air weight ratios should be varied
until all the residual carbon and hydrogen are burned to carbon dioxide and
water. It would predict what combustion products are formed under ideal
cont ~ :ii 1 ”'0D burns.

Calculating Texperature Change

As discussed above, the temperature change is simulated by calculating
the material durning at 1000 psi and allowing the combustion products to
expand to 14,7 psi, These two pressure values chosen vere based on
experimental data determined at this laboratory. As mentioned, the
theoretical combustion products and heats of explosion calculated under these
conditions were in good agreemen: with the experimental calorimetric data for






Since the objective {s to predict pollution products at ambient conditic ,

these gases l nc be of . As the ¢ ‘wusti prodi :s decra; i
pressure,  :ir behavior is assumed to obey the ideal equations of state for
gases.

Logs of Inerzy

The detonation of the explosives sets up shock waves, does work agains:
the environment that expends »nergy. Since energy is a major factor in
determining what products are formed, the calculations assume a loss of ener;
by the combustion products before they react with air. The loss for each

material is at best an estimation. The energy consumed in shock waves is
" reported by Pricel0 and Dysonll to be 20% to 25% of the total energy of an
explosive. The computer program estimates the energy loss to be 25%, plus o:
minus 5%, depending on the explosive. This percentage can be modified later
{f and vhen better experimental datz becomes available. As discussed under
detonation burn, the combustion products are then calculated at a reduced
energy level by the same procedures used in open burn czlculations.

DESCRIPTIOK AND OPERATIOF OF THE POLLUTION COMPUTER PROGRAM

Modifications of Propellant Evsluation Progras

The Propellant Evaluation Program (PEP) was designed for rocket
calculations and could not be used in its present form. Since many of PEP's
subroutines were compatible for pollution calculations, it was easier to
modify this program than to srart from scratch., The following major changes
vere made: :

1. IRPUT DATA FORMAT - A different format was used for the special type
of calculations for pollution work. This format is described below.

2. OUTPUT FORMAT - The PEP output wvas designed for datz important to
rocket designs. An example of the output fo: .t " dar -
pollution data is described below,

3. REACTION WITH AIR - The OB/OD burms are mixed with air. the program
is designed to automatically mix the materials with air and calculac:
the results.

4. EZNERGY LOSS IN DETORATIONS - The OD burns are assumed to lose energy
before they react with air. A modification of several subroutines
was made to account for this loss,

5. OB/0D CALCULATIORS - To facilitate the use of the program, it was
designed to do either an 0B or OD caleulation using the same inpuc
data. As descrided below, only one variable must be changed to
accomplish this.



-d d

Tae 21" co _iter program, POLUI0, has ) a i., programs o handle
the necessary input data for its operaticn. The threes programs are described

as follows: .

L.

POLULO - This is the sources file for the main program. It is writcen .
in the FORTRAX IV language. An explanation of the input data and
format is included below. The program vas purposely vritten in
FORTRAN IV to facilitate its transfer to other types of computers
vith the least amount of troubdls.

. PEPADX - This is the auxiliary sourcs ff{le program that manages the

thernodynamic data for the combustiocn species. The JARRAF
Thermochemical TableslZ iz the source for most of this data. Heat
capacity equations, entropy and enthalpy constants are stored in this
program for over 1400 combustion species. Gases, liquids-¢n¢ solids
are included. Thus, the program can predict solids and liquids as
wvell as gaseous pollution products. When this program is ron, a

;binary file of the data is compiled that POLUL0 czlls in and searches

for the appropriate combustion species. The compiled form of the
date must be asgigned to TAPE 12 vhen rmmning POLULO. :

INGDATA - This is the auxiliary source file program that manages ths
ingredients that compese the propellants, explosives or other
zaterials that are dispesed of by burning. The names, heats of
formation, densities, and the elemental compositions of the
ingredients are included as part of the data handled by this
program. The ingredients are selected from nmnbers by the main
program. This eliminates reading in the necessary datz for the
iIngredients every time they are used. Twvo data files ars generated
by this program:

1. File on TAPE 11 - This file has the ing-edients data arTanged
in the format used by the main program. the dara from this
file must be assigned to TAPE 11 before POLUl0 is rm.

2. Flle on TAPE 6 = —  IN— —° 1 g! { ) prints the
ingredients data on TAPE 6. a copy of this file is obtained
for refarence by the users of the pellution program. It liscs
the ingredients by numbers. When a particular ingredient is
used in the calculations, this number is entered as inpuc
datz. The data for that ingredient vill them be called in by
POLUL0.



1

The data must be entered in the following sequence:

20

29-30

1-10

Line 1
Deascxiption of Dats

This is alvays 0. It controls the specie:
date coming from PEPAUX.

1l or 0. When set to 1, the pressure is
entered as lb/sq. in (p;i). When set to
0, the pressure is entered in atmospheres

1l or 0. When set to 1, all of the
ingredients are read from TAPZ 11 by
pumbers. When set to 0, some or all of
the ingredients are read in direcely.
This is explained in Line 4.

0,1,2,3 or 4. This controls vhat decimal
place the concentrations of the combustio:
products are printed in the output da:a.
Three is recommended.

setting decizal place
0 1xE-5*
1 1xE-10
2 1xE-17
3 1xE-4
4 1xE-2S

*E = the exponential of 10

This i{s the number of ingredients in the
propellant or explosive, plus 1 for air.
For example, if an explosive has 3
ingredients, this value must be 4 (right
adjusted). Ten ingredients is the limic.
If more than 10, two or more of the
ingredients must be combined into one.



. 3 0 1-10 T "t is the n__y . of calculatio or
ey to be made. The output £c it limirg thig
R number to 10 (right adjusced). '

4647 - 20 When all of the ingredients are read in by.
numbers, this is set to 20. If &y of the
ingredients are not read in by numbers,
this number (right adjusted) must equal

- the number of ingredients not read in by
numbers., '

48-50 1,2 When set to 1 (right adjusted), the
computer does open detonation
calculations. When set to 2, the computer
does open burn calculations. They both
use the same input data and formac.

51-53 1,2 When set to 1, the output data for the
pollution products are given in grams
products/100 g material. When set to 2,
_the products are also given (both wmits)
in grs products/liter of gases formed at
STP (273.1%5 degrees Xelvin and 1 ‘
atmosphere pressure).

Line 2
This line is for naming of the material burned and other identisying
informazion.

Line 3

In a sequence of calculations, the weight percent of air is changed.
This line is for the different weights of air that changes with each
calculation. As many as ten different veights of air can be entered.

Starting at columm 1, each weight has 2 field of 6 col » We' " .1 go
i colums 1 - 6; weight 2, into columns 7 - 12, eczec.
Line 4

: The INGDATA file contains data for many of the ingredients that are used
in propellants and explosives. If this file does not have the ingredients
needed for the calculations, the data for these ingredients can be read in.

In Line 1, columm 9 must have a value of 0 and columns 46 - 47 must have the
aumber of ingredients (right adjusted) that are read in under the format below.



.'\ .

Wi__ adding new ° <redients to the IRGDATA data file, this same forma:

is 1+ :d. The INGDATA data can |so be entered __{er the - . adopced by
Cruise at ..ina I =~ = ..e postion of t} data unc * Crui: 0 it Lok
in the datz file.
Cgllmug A , e »ipne £
1-20 Name of the ingredient
21 - 27 -Heat of formation of the ingredient in cal/g.
28 - 32 Density of ingredient in 1b/cubic inzh.
33 - 38 Rumber of atoms of the first.element in zhe
ingredients.
39 - 40 Symbol of the first element (left adjusted).
41 - 46 Rumber of atoms of the second element in the
ingredients,
47 - 48 Symbol of the second element (left adjusted).
This sequence continues for a limit of six
elements, '
49 - 54 Atoms of third element.
55 - $6 Symbol of third element.
57 - 62 Atoms of fourth element.
63 - 64 Symbol of fourth element.
65 - 70 Atoms of fifth element.
71 - 72 Symbol of fif:th element.
73 - 78 Atoms of sixth element.
79 - 80 Symbol of sixth element.
Line 5

The numbers assigned to the ingredients by the IRGDATA file are entered
here. Starting at column 1, each field has 5 columns. The number for the
first ingredient goes into columns 1 - 5, the second ingredient into columns
6 - 10, ete. For example, 1f 23 is assigned to aluminum by the INGDATA file,
23 should go in colums l -5 (right adjsuted), Aluminum is the firse
ingredient in the material. It is imperative that the ingredient number for
alr always be the last number in this line. If it is desired to burn the
materials in pure oxygen, then the ingredient number for oxygen is used
instead of air. :

11



Cadromen Wa

1 -6

7 ~-12
13 - 18
73 - 80
l-6

14.7

1000.

Yl -

: t 8 4

This is zhe pressure of the ctamber
in which the material is inicially
burned. 7This value is normally
1000 psi for pollution
calculations. Atmospheres can be
used (see explanation in Lipe D).
The data in this line is for che
first caleunlation.

‘ This is the pressure that the

19

combustion produc:zs expand to ia the
calculations. The value 14,7 psi is
normally used here. It can also be

expressed iz atmospheres.

This i3 the veight of the fi=-st
ingredienz. The field for each
successive ingredient is 6 columms
long. For the second ingredient,
columns 19 - 24; the third, coluzms
25 - 30, etc. The tenth and last
ingredient is in colums 67 - 72.

The weights of the ingredients are
entered with air as the last
ingredient. Air is normally set a:
Zero veight percent. Under some
circumstances, the initial veight of
oxygen is not zero. This is
discussed later. The wveight of air
is automatically increased and the
material weights decreased by the

L | | increm :s in Line 3.

This is optional. Additional
information can be entered here to
help identify the outpur data. Such
information i3 normally entered ia
Line 2. '

Lines 7 - 15

The data is the samﬁ as ia colummgs
l -6 in Line §.



— 14,7 --e data {s the same as in columns
7 - 12 in Line 5. It isn't
necessa _ to enter the weights of
R the material or air again. The
progran automatically adjuscs these
) weights with the data in Line 3.

‘ . The number of these lines is always
one less than the total number of
calculations made. If 10
calculations are to be computed,
enter 9 of these lines with just
these two values on each line.

** All numerical data must have 2 decimal point.

13
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12.

IT7II"""TIOR OF ....BZRS OK B OF Ceaeva DI

Identifies the type of calculation. This is either open burmn or
open detonation.

Rame of the material burned is identified here.
Rame of the ingredients in the material,

Symbol for the elements in the ingredients. Also, the numbes of
atoms for that element divided by 1000. This number is often in
decimal form when the elements are expressed irn gram-atoms.

Weight of the ingredient in the material.
Heat of formation of the ingredient in cal/gr.
Density of the ingredient in 1bs/cu in.

Symbol for the elements that compose the material. Also, the
elemental composition of the elements that compose the material,
If the atomic wt. of the element is multiplied by the elemencal
composition, the total mass of the element in the material can be .
calculated (example: 112.01 x 3.081786 = 37.01 grs of carbon).

Weights of the material and air used in the calculations.

For open burn calculations: This is the initial flame temperature
of the material/air burned before the gases star: to cool. The
enthalpy of the combustion products is given in keal/gtv (gfv =
gram formula weight). The temperature is expressed in both Kelvin
and Fahrenheit degrees.

For open detonation calculations: This is the temperature of the
combustion products after there is 2 loss of ene: due to
detonation. The detonation products cool to this temperature
before they react with air.

The temperature of the combustion products (for both OD/OB burns)
after they have expanded from 1000 to 14.7 psi. This is also the
"frozen" temperature of the products.

The computer can calculate the veights of the combustion products
to 1.00E-17. For this work the concentration is rounded off to
the value shown. )

14
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LIMITATIORS

Thermod .Data for Cogbuyussion Product

The program contains an auxiliary datz file (PEPAUX) for the combustion
products. Heat capacity coefficients, enthalpy and entropy constants are
stored for each of the combustion produczs. Most of the data in this file is
from the JANNAF Thermochemical TablesliZ2, Currently, there are over 1400
species in this file. It contains compounds in the gaseous, liquid and solid
states. The program chooses the compounds to consider in the calculazions
from the elemental composition of the material burned. If the material
contains the elements C, H, O, K, the program searches the library for all
species containing these elements and considers them as possible pollution
products. The total number of combustion products considered for each
calculation is listed in the output data. Obviously, any products formed at
the burn site and not in this file cannot appear in the calculations. This
library contains most of the species that are formed from explosives and
propeliants used by the armed services.

The file does not contain a large number of species for the metallic
additives that are used in military explosives. .There will probably be some
products formed from metals that are not in the file. Since aluminum {s used
extensively, there i{s an adequate amownt of speclies for this metal under mosc
circumstances. '

Most of the species in the thermodynamic file consist of solids and
gases. The liquids and solids are identified by asterisks and dollar signs,
Tespectively, in the output data. The PEP program i{s designed to calculace
combustion products at high texperstures. The file does not include organic
solvents or other organic compounds that cannot survive high temperatures.

ﬁmm;m

Some of the species formed only exist at high temperatures. These
species would disappear as ambient temperature i1s approached. For example,
ions would be in this catagory. These species normally disappear in the
calculations as more air is added. In evaluating the pollution products,
these species are assumed to disappear. For most explosives and propellants
these high temperarure speclies comprise only a small percentage of the tozal.

Iesperatyre Limitaziona
If the materials burned do not obtain a flame temperature above 300 K,

the coxzputer will issue a warning. TFor example, if a hydrocarbon withou:
oXygen is attempted there will be no reacczion above 300 K. This can occur
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vith & mixture of material and air {f there i{s not sufficient amount of oxygen
or fuel to properly react. In Such cases several tria] funs can be made by
changing the matarisl/air ratios unzil the program : .,

MiZipg Alr With Materials

In most calculations, the firs: material/air weight racios start with
100/0. The computer will accept this ratio as long as the material contains
the elements oxygen and nitrogen, 1If a material, such as a hydrocarbon is
burned with zero weight percent of air, the program cannot run. With air as
an ingredient, the computer will select those species from the PEPAUX library
composed of these two elements. The concentrations of these species cannot be
calculated as the elemental composition of oxygen and nitrogen will be zero.
When burning hydrocarbons and similar materials, the percent of air canno: be

The first material/air weight ratios in ¢ series of detonation
.calculations must be 100 § naterial/0 g air, or the material burned alone.
The program must use the data from this firse calculation to determine the
enersgy loss from the detonation. Since most explosives and Propellants .
contain nitrogen and oxygen, the problem discussed in the pPaZagraph above doegs
not apply. Some materials, (tetrazoles, azides, etc.) do not contain oxygen-
or nitrogen. For detonation calculations, a small amount of air must be
included in the first calculazion. The air would be considered as part of the
explosive's composition in the first Calculation. A minimm percent of air
should be used that can be determined by trial and error.

CO - Dy Pe

The thermodynamic data covers 2 vide temperature range. In some species
(notably solid carbon and gluminmm oxide), the data is stored as two hear
capacity equations to properly cover the temperature range. ‘Therefore, some
species appear twice in the output data. When this occurs, one or the other
of the symbols representing that species i3 zero. This does not affect the
resulcs, A
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DISPOSAL OF NAVY WASTZ

On 22 May 1986, approximately 7500 lbs of Ravy wvaste propellants vers
disposed of by openly burning the propellants at Dugway, Utah. The polluzion
products vere investigated by two methods, evaluation by, computer calculazign:
and on-site evaluation. ‘

Co v - v

The composition of the Navy waste that vas disposed of at Dugway is
given in Table I. Combined, this waste consisted of eight elements. The
percentage and total weight of each element is listed in Table II. For
example, 2.97% or 222.7 1b of the combined waste consisted of the hydrogen
element., Metals are usually a concern a: wvaste disposal sites. The amounts
of Al, Zn and Pb in 'the waste material are also listed. Tables III and IV
contain the computer output datz for the Navy waste burned in air. The
combined composition is read into the computer as Ravy waste 1, Ravy wvaste 2,
zinc and lead. Since the waste/air weight ratioc burned at the site was not
known, a series of ten waste/air veight ratios were calculated. The output
data lists the pollution products formed and their changes in-concentrations
for the various waste/air ratios. The fate of the elements is discussed below

&. HIDROGEN - Mosz of the hydrogen goes to the formation of H20, H2, and
HCl. As the percentage of air increases, the percentage of wvater
increases at the expense of H2. The HC1 ctoncentration remains fairly
constant until 30X vaste/70% air is reached.

b. CARBON - CO and CO2 are formed with carbon. As the percentage of air
increases, the percentage of CO2 increases at the expense of CO.

¢. KITROGEN - the predominate product is K2. Some traces of K02 may
exist in the 20% waste/30% air racio.

d. OXYGER - Oxygen combines vith all of the elements except zine.

e. "7 {UM - From the first to the last calculation, all of the
Aluminum goes to Al203$ ($ stands for solid). In most propellants
oXygen reacts with aluminum firse to completely oxidize it. The
Al2038 concentration is constant throughout the series. Note that
Al203% is shown twice in the output data (the 5th and 27th
products). This compound has its thermodynamic data stored in two
heat capacity equations. Which equation is used depends upon the
temperature,

20



£. CELORI.. - HCl d the chlorides of zinc and lead are fi ed, ycy -
the most prominent of the chlorine producss formed. HCI wil) '
'~~ediately be absorbed in any moisture presen: to fr hydroshlozri-

at 1.

8. ZIRC - Most of the zinc metal will form its chlorides. The chlorides
increase with increase in the air veight and at the expense of HC1.
The zine products will be mostly solids. ‘

h. LEAD - Lead reacts similarly to zine and will form chlorides.

-~ At the end of the output data is a list of the total combustion species
considered by the computer. There are 155 (some species listed twice) shown
that the computer considered as possible combustion produc:s. Those whose
concenzrations equzled or were greater than 0.0001 are listed above.

On-Site Evaluation at Pugvav. Ucah, 22 Mav 1986

The waste was burned in 5000- and 2500-1b sections. The gaseous . e
formed from these burns were sampled by a helicopter passing through :he
clouds, : .

The interscan instruments used to detect the gaseous emissions in the
plume were not specific for each individual gas. As a result, some
instruments suffered from interferences and would give indications of the
presence of a measured gas when it actually vas Tesponding to an interferent
gas. This was the case for the apparent detection of SO2 and H2S when there
were no sulfur compounds in the Ravy waste that vas burned. The responses on
these instruments were due o the presence of HC1l which produces a positive
reponse on these two instruments. Since the chemical reactions of the
detector cells in the instrument are either oxidative or reduczive, depending
on the instruments, i: s possible for an interferem: to produce a negacive
interferent gas. It is likely that the negative values recorded by the C12
instrument resulted from a negative interferent gas. Based on the theory thatc
there should be no RO, the response was probably also due to an interferent.
(Explanation of the data in Table V is based upon a letter and private
commmication by Mark Zaugg, Director for Ammunition Equipe 'y Tot & my
Depot, Tooele, Utah.) .

Only a limited amownt of the on-site data collected, Table V, wvas useful
for evaluation. The helicopter sampled the two major indicator geses as
enissions from the Navy vaste:

l. Carbomn Monoxide - In Table V, the concentration of CO is 0.07 and .06
1b CG8/100 1b Ravy wvaste for the 5000 and 2500 1lbs respectively. This
concentration of CO falls betveen the computer values of 40/60 and
30/70 Navy wvaste/air veight ratios (Tables III and Iv).
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2. Hydrogen Chloride - In Table V, the concentration of HCl is 1.16_a:
1 . 1b L 1/100 1b Navy wvaste for 5000 and 2500 lbs respectively.
This concentration of HCl falls between the mputer values of 20/30

} _..'90 N , waste/air weight ratios (Tables III and IV).

Based on the above data, the climatic condizicns experienced and the
burn pan configuration at the Dugway site allowed for sufficient oxyger to
completely oxidize the Ravy manufacturing waste. The composition/
concentrations remained constant above the 60-70% air intake. It is atr this
poinz where all of the residual cacbon and hydrogen acoms are oxidized to
carbon dioxide and water. It is expected that most of the PEP "mixes" of Navy
manufacturing waste will be completely oxidized to these two products. For
most of the individual Navy propellants, the calculations below show complete
oxidation at the 60-70X air intake. Some, like the AA2 and the HEN-12, are
completely oxidized with 50-60% air intake. The percentage of air consumed
depends upon the initial oxygen conten: of the material.

In the predictive mode, the metals that are present are considered teo be
completely oxidized early in the burmn, and the remaining oxygen is used to
oxidize the residual carbon and hydrogen.

In the interest of a2 proof continium, a2 comparative analyses predicted

vs actual emission should be made of future burns/detonazions of both Army and
Ravy PEP waste. :

22



A 810 P L NA., PRU, JLLANT VES
.88 from 1ch ° lividual propellan: and . .08ive v . ecaleulares
in a manner similar to those in Table III. These calculations predict the

pollution emissions of the individual material. They were done for open bu:ﬁ
and open detonation.conditions. A lis: of these calculations is given below.

TABLE I

NAVY WASTE BURNED

Propellant Weizhs (Iba) —Welghs X
NOWIE-80-1 (MK 23) 70 2.8
X256 (MK 12) 1200 48,0
R-60 (Sm&kzy Sam) 20 0.8
5-50 (5" G.P.) 100 4.0
AA2 (MK 90) "410 16.4
AA6 (ZUNI) , _ . 240 5.6
K-5 (ASROC and MK 22) 190 7.6
BX-180/BX 185 (MK 18) 5 0.2
BX-180 E (CKU-5/A) 18 0.6
TPE-5001 (CKU-7/A) 30 1.2
PBXN-106 (MK 115) 40 1.6
PEXW-109 (MK £3) 20 0.8
NOSIHE 9 BC-10) (MQM~107) 40 ' 1.6
XM39 (LOVA) 70 2.8
PBXN-103 50 2.0
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Al

Cl

-

Pb

II

Elemental Composition of Ravry Waste

2.97

23.28

13.45

52.88

.83

2.25

0.32

l.02
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W%, Element in 7500 Lbs

222.7
1746.0
1008.8
3966.0

287.2

168.8

24.0

76.5



OFEN BURN---RATERIAL DOES NO! DE)ONATE BEFOHE KEACTINO WITH AIK---
RATERIAL= NAVY RANUFALTURERS VASTE(OPENLY BUKNED MAY 22.1984) .

H c L] 0 M CL  IN

$AVY BASIE § -801 .00) .900 .BOI .000 ..OOI..‘00.0090.8.00.0IDI.'BOI.GGO
YAVY WASIE 2 -002 001 .000 .002 000 ~0008.0000.0000.0000.0000.0000.008
(INC 0.0000.0000.0020.0000.0009.000 -0010.0000.0000.0000.0000.000
.EAD l.'.l’{.ﬂl’..l.l.'ﬂl..l'l..llll.ll. +0018.0000.0608.0000.800
AlR ~(0 8.0000.000 .00 .Dﬂl..l.ﬂ...‘ﬂl.llﬂl.ll"...OI.IOOI.IDO0.0l‘
iRAR AI1ON ANOUNTS FOR MATERIAL WEIGHT OF 100.008 .
(H) (c) (N) (0 ) (AL) {(cL) (IN) (PB) i |
2.949434 1.938428 <957393  3.305837 141947 043549 094925 004988
1. RATERIAL 180.009 78.000 00.000 70.088 49.080 Je8.000 490.0880
n. Alk 8.000 10.000 20.000 3.0 40.000 S50.000 40.000
*--CONRUSTION CONDITIONS: TIlE MATERIAL AND AIR ARE BURNED TOGETHER AT 1000.80 PS)---
LARE 1EAP. T(K) 3348.384  3323.983 3295.411 3241.034 32)5.%64 3147.747 3823.982
LARE 1EAP. T(F) S547.491 3523.749 3472.499 5418.441 5320.417 5204.5¢4 4903.424
NIHALPY KCAL/GFW ~20.372  -10.335  -14.298 -14.240 -12,223 -10.104 -8.149 .

---CORMUSTION COND{T10NS! THE CONBUSTION PRODUCIS FROM ﬂAl[ﬂlAL

LABE TERP. T(K) 16481.308  1484.449 14501.255 1635.946 1421.140

LANE TEAP. T(F) 2547.893  2540,245 2512.959 2405.339 2458.444

HIKALFY KCAL/GFY ~102.137  -97.153  -92.177 -@7.211 -92.233

V0L .0ASES--L 1 TERS 07.972  94.880 105.437  114.933 131.947

GASEG AT §1P) _

OMUSI 10N PRODUCTS ROUNGED OFF 10°  |.98E-04

~-==-0RANS PRODUCTS/18H NRANS (08/0)MATERIAL BRUKNED---—- !

. co 41.9856  39.8389  37.0072  33.1385  27.i104
co2 19.3338  22.7259  27.1750  33.2334 41,9391
N2 13.4391 22,2002  33.1517  47.2321 .44.p9%¢
H20 12,8389 14,1242 13.4085  17.3747  19.4892
AL203Y 7.2345 -0000 0008 -0000 .0009
neL 2.2410  2.23570  2.2528'  2.245¢  2.2344
H2 1.4713  1.3299 1.1438 7844 .7303
PB .7733 .7602 L7441 L7239 .492s
IN L3113 .3ev0 .39878 .1848 .2998

(4

1608.439
2433.709
~77.272

133.012.

19.2344
53.0943
72.2074
22.8418
.0088
2.2127
4454
.43y
.2078

TABLF 111

AND AIR AFTER EXFANDING FROM

16046.435
2432.182
-72.034
104.543

$.4997
74.4799
131.7144
23. 10913
.0800
2.1222
1845
.4441
.2438

41.890
S56.771
-322
1.817
8.000

Jo.eno
70.e80

2731.983
4438.025
-6.112

1292.028
1064.234
-48.390
244.532

.0800
85.3209
197.3985
26,1722
.0080
1.4818
.0bee
.8048
.8uBe

1809.89 PSI YO

Q
"
-283. 8556
-208. ‘8574
8. .235008
0. ~.4883
8. B804
1.0000
28.0v0 18.4808
60.808 70.068
2131.039 3300.448
3376.471  19401.552
~4.0724 -2.93?
14.70 FSI-~-
0480.042 4462.484
1183.07¢4 373.434
-44.080  -25.415
374.50¢ 744.244
.8u09 .H800
85.3218 085.3210
328.0398 723.0911
26.1082 26,4908
.H000 .8000
1.5713 .2019
.0000 .8800
.uee8 901y I
.eeae .dude












Gaseous "~'1sir  Detected _ Eelicopter from 5000 Lbs of

TABLE V

6

Vi

1b gas/100 1b
Navy Wastex=
M

22.12
-24.49
69.25
20.73
11.92
6.00

0.00

Ro., | ‘al W BiL__»d 22 May 1986*%
Emissions froz 5000 Lbs Open Burp
Pass Fo, 1 2 - 4 5
GAS ~=———1b gas /5000 lb Ravy Waste
502 31.19 24.85 17.48 9.65 10.92
Cl2 ~8.63 -10.65 -8.30 -2.67 0.00
HC1 e—e 76.65 61.84 46.770 43,50
NO 23.80 22.53 12.87 6.78 10.23
NG2 1.35 5.18 4,48 6.93 13.07
E2S 7.01 2,98 3.32 0.00 0.00
co 3.88 2.45 4.37 0.00 . 0.00
£ vy W
S62 3.07 23.59 17.64 | 4,52 2.22
c12 -4,15 -20.12 -13.02 -2.50 0.00
HC1 8.44 38;08 65.26 26.98 11.40
NO 2.88 9.96 5.51 1.06 1.56
NO2 0.37 1.94 3.582 4,05 | 0.00
H2S 0.45 2.06 1.04 0.60 0.00
co —_— — 1.29 _— 1.95

* The open burning of the PEP military wastes, collection of pollution

products and cloud sampling was conducted under the direction of

Mark M. Zaugg, Ammmiton Equipment Directorate (AED), Tocele Army Depot,

- Tooele, Utah.

the Navy waste was burned.

** The average of total ru=s.

~
0.

(99 ]

0.

(=)

0.0:

0.0¢

This table (Table V) is from the reduetion of the helipcopter
data by the program SUMMARIZ developed by AED. The columns represent the
analyses of six passes made by the helico

pter through the cloud plume after
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Chezmistry R epartment, U.S. Naval urdnance Lab , Wh
Oak, Silver Spring Maryland, RAVORD Report 6829, 8 March 1960.

E. Swifr and J. C. Decius, Measurement of Bubble Pulse Phenomenia

Radius and Period Studies. Underwater Researach laboratory,Woods
Oceanographic Institution, 11 Sept 1947,

D. R. Stull, H. Prophet, Project Directors, JANNAT Thermochemigal
Tables. Office of Standard Reference Data, Rational Bureau of

Standards, Washington, D.C., HSZDS-NBS 37.
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APPENDIX E-3-B

POLU-11 MODEL OUTPUT FOR OB TREATMENT
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APPENDIX C-2
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Westpoint. NY 10996 DATERECEWVED | 11/04/91
PWS 1D I Co~*—act # DAAGB@-91-M-7362
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AETROD 8270 i
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i
1,4-Dichlorocbenzene ¥D<0.08 ag/l §
o0-Cresol 80¢0.1 g/l :
2.0-Cresol §0¢0.1 g/l |
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For guestions regarding this report. please call and ask for Linda Shoemaker.
Manager. Customer/Technical Services.
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MNOTES:
I. RATERIAL, ALLMIMUM BAR PER 6061-16 OR EOQUAL
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CLIENT CONTRACT
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681 ANDERSEN DRIVE JULY 8' 1992 SHEET 5 OF 6 COVER HANDLE
PITTISBURGH, PA 15220 ACFILE NAME ) REV,
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