
REPLY TO 
ATTENTION OF 

DEPARTMENT OF THE ARMY 

UNITED STATES MILITARY ACADEMY 
WEST POINT. NEW YORK 10996 

June 21, 1999 

Directorate of Housing and Public Works 

SUBJECT: Resource Conservation Recovery Act - Subpart X Permit, Part B, Interim Status 
Resolution 

Ms. Michelle Cheng 
New York State Department of 

Environmental Conservation 
50 Wolf Road - Room 448 
Albany, New York 12233-7251 

Dear Mrs. Cheng: 

As discussed during our conference telephone call on June 7, 1999, we are forwarding herein, 
a copy of our letter with enclosures dated July 30, 1992 . We sent this to Mr. John Middlekoop, 
P.E. of your office, and to Mr. Andrew Bellina, P.E. of the US Environmental Protection Agency 
to resolve our Subpart X permit issue. The enclosed material includes a closure plan for the 
detonation area located inside our impact area. (Section I). Based on our October 28, 1992 
meeting with the New York State Department of Environmental Conservation in Albany, and our 
subsequent submittal on December 11 , 1992 of information requested at the meeting, we 
understand that this issue was resolved. 

The United States Military Academy originally submitted a Resource Conservation and 
Recovery Act Part B permit application for its hazardous waste operations in November 1988. 
The original permit application covered container st0rage and open burning/open detonation. On 
January 28, 1991, we closed our container storage area and restricted storage of our hazardous 
waste operations to keeping hazardous waste on post for no more than 90 days. A copy of the 
New York State Department of Environmental Conservation's letter recognizing this, is at 
Enclosure 2. Use of our detonation area was discontinued in the winter of 1991-92, when the 
Explosive Ordnance Detachment assigned to the United States Military Academy relocated to 
Fort Monmouth, New Jersey. Since then, no routine detonations for the purpose of ordnance 
disposal have taken place at West Point. With the closure of our container storage and the 
cessation of open detonation, there was no longer a requirement for a permit to cover our 
hazardous waste operations. We began to communicate this to the US Environmental Protection 
Agency, Region II , and the New York State Department of Environmental Conservation through 
briefings and written correspondence in the spring of 1992. 
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New York State Department of Environmental Conservation 
50 Wolf Road. Albany, New York 12233 

May 9, 1991 

Mr. Joseph Deschenes 
Acting Chief, Environmental Mgt. Office 
Dept. of the ~rmy, U. S. Military Academy 
West Point, New York 10996 

Dear Mr. Deschenes: 

~E: Closure of RCRA Storage Areas at West Point 
EPA Identification Number: NY8210020915 

Thomas C. Jorling 
C.:immlssioner 

This letter is to confirm the receipt of owner/ opera-car and 
independent professional engineer's certification dated January 
23, 1991, of ~CRA closure for this facility. We new consider 
this facility officially closed. Your authority to operate as a 
Treat:nent, Storage, and Disposal ?acility (TSDF) is terminated 
and you are ~eleased from the financial sec~rity requirenents of 
Sec~ions 373-2.3 and 373-3.3. 

?lease be advised tha~ the United States Environmental 
?rotection Agency has determined that the correctiv e ac~ion 
provisions of the Hazardous and Solid ;'laste Amendments (HSWA), 
Section 3008 (h), apply to all TSDF's which have ac01ired interi:n 
status. 

The New York State Depart:nent of Environmen;:al Conservation 
has established a program to evaluate the correc-cive ac~icn 
~easures necessary at closed and closing facilities Nithin the 
State. Once the corrective action provisions of HSWA have been 
met by the facility or determined not to be necessary a;: the 
facility, the facility can have their interim status te:r-:;iinated. 

r: you have any questions regarding your closure or 
regulatory status, please cont~ct Mr. Gary 3elcher at 
457-9361. 

cc: J. Gar.nan 
J. Desai 
M. O'Neil 
H. Dominguez 
G. Belcher 

SJC:scy. 
(deschene.gb) 

-

Sincerely, 

' ' 
-~ =::.~ )-=:_·.--:-:;;-: : _;7:1.;"~:-,..>..J---; ·--~ · 

Salvatore J. Carloma~o, ?.E. 
Chief, Regional ?e:r-:;iit Sec~ion 
Bureau of rtaz. Waste :acility Comoliance 
Division of ~ubstances Regulation 

~egion 3 
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DEPARTMENT OF THE ARMY 

UNITED STATES MILITARY ACADEMY 

WEST POINT. NEW YORK 10996 

30 JUL 92 

SUBJECT: EPA ID No. NY8210020915; United States Military 
Academy, West Point, New York, RCRA subpart: X Permit 
Appli.cat:ion 

Mr. John L. Middlekoop, P.E . 
Director, Bureau of Hazardous Waste Compliance 
New York State Department of 

Environment:al Conservation 
SO Wolf Road 
Al~any, New York 12233-7252 

Dear Mr. Middlekoop: 

?ursuant to my telephone conversation with Ms. ~llen 
?arr-Doering on July 21, 1992, this lett:er is submitted ~o 
respond to ( 1) the Notice of Deficiency ( NOD) received by 
the United States Military Academy ( USMA ) from the United 
Stat:es Environmental ?rot:ection Agency ( USEPA), Region:~ , 

with respect to the Resource Conservat:ion and Recovery Act 
( ~CRA) Subpart X permit application previously submitted by 
USMA; and (2), the letter received by USHA from USEPA Region 
::, dated June 4, 1992, with respec~ t:o t:he RCRA subpart X 
per~it (t:he June letter). This 1et:ter is a l so being 
addressed t o Mr. Andrew 3ellina of the USE?A . USHA believes 
chat none of the activities identified in the NOD and the 
-7une let:ter ::-equire a RCRA Subpar~ :c ?ermi t:; however, USHA 
submits with this letter a ?artial c!osure plan for the Open 
Detonation Area. USMA's reasoning =or this belief is 
summarized in the Executive summary, ~hich i s followed by a . 
more detailed explanation of each act i vity and USMA ' s 
reasoning with respect to each activit7 . 

USHA believes that this letter may resolve all open 
issues regarding the RCRA Subpart X ;>ermit i:xcept-the ope!1 
burning of ~xcess propellant. Therefore , USHA proposes ~hat: 

appropriate representatives of USEPA ~egion II, the New York 
State Depar~rnent of Environmental Conservation (NYSDEC), 
USHA, and any other appropriat:e parties meet at a mutually 
agreeable time and place to discuss the issue of open 
bu=~ing. r: a ~eeting is not possib l e, a confere!1ce ~all 
could be an alternat:ive although face-to-face discussions 
would be more effective. 
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Executive summary 

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

.n..ctivity 

l. Open burning (OB) of 
excess propellant. 

2. open detonat!on (OD) of 
unexploded ordnance, 
?Yrotechnics, etc. 

3. OB and OD of explosives 
con~iscated DY civil!an law 
enforcement agencies. 

-L Zrnergency OD oper~tions. 

S. ?artial closure and 
:inal closure of OD area. 

USMA POSITION 

RCRA Subpart X permit not 
required, based on training 
exception. ;urther 
discussions with USEPA 
Region II and NYSDEC 
requested. 

RCRA subpart X permit not 
required. In place 
detonations are not subject 
to permit ~equirements. 
Collection and OD of 
unexploded ordnance has been 
discontinued. 

RCRA subpart X permit not 
required. This practice has 
been discontinued. 

RCRA Subpar<: :c per:ni t :10 t 
~equired at this time. No 
U.S. Army EOD unit is 
assigned to USMA. If the 
need arises, emergency 
permits will be requested as 
required by applicable USEPA 
regulations. 

A partial closur~ plan is 
enclosed. Final closure is 
not practical as the OD area 
is within the impact area. 

Open 3ur:iinq of Excess ?ronellant 

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 permit 
requirements. USMA understands that its position on this 
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matter is consistent with the position of the Department of 
t~e Army. USHA recognizes that it may nae have clearly 
articulated it's reasoning with respect to this matter in 
previous correspondence and that modif icacion to current 
open burning practices may be required. Since this matter 
is somewhat complex and is an important concern to USMA, we 
propose that further discussions be held, as described in 
the conclusion of this letter, prior to exchanging any 
additional written correspondence regarding this issue. 

Open Detonat2.on 

USMA has ceased all activities in the Open Detonacion Area 
which may require a RCRA subpar<:: X permit. The limited open 
detonation activities which will continue at USMA do not 
require a RC?..A subpart :{ permit based on the policy set 
forth in the June letter. 

USE?A Region II stated the following regulatory 
interpretation on page 2 of the June letter: 

"Cur:-ent Environmental ?rotection .:\gency (EPA) 
policy holds that ordnances used during t:-aining does not 
~onstitu<::e ~reatment/disposal of solid or hazardous 
·,.;asc:e. . . . ':'~is ·,·muld also extend to ::he unexploded orC.nance 
t!"lat fal:s -:o -che ground during t:::-aining -:xercises." 

USEPA Region II further stated in the June letter: 

"Since not all ordnances detonated when dropped, any 
unexploded ordnances are within the norma_ use pattern of 
t:::-aining; subsequent in-place detonation is not subject to 
RCRA .... on :he other hand, if at any poinc unexploded 
ordnances are collected and brought to a place other than 
the training range to be burned or detonated, then that open 
burning/open detonation activity is subject to the full 
permitting requirements of RCRA." 

USEPA Region II also stated in the June letter: 

"Range waste, such as dud :-ounds, unexploded small 
ar~s ammunit:on, excess propellants and t:-ip flares is 
commonly generated from military training. These types of 
waste were previously open detonated or open burned at :he 
Open Detonation Unit or the Open Burning Unit and it appears 
that this activity is continuing." 
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The conclusion that the dud rounds are a waste is 
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, USHA believes, based on 
USEPA Region !I's policy, that the detonation of duds within 
the impact range is not subject to ~CRA subpart X permit 
requirements. 

USEPA states a belief tjat the ac:ivi:y at the Open 
Detonation area is continuing. This is not the case. All 
activity at the Open Detonation area has ceased. The EOD 
unit which conducted activities at the OD ~acility is no 
longer present at USHA on a regular basis. An EOD unit will 
be detailed to USHA during artillery training and will be 
assigned to detonating duds in place on the =ange. Military 
items that were previously treated by the EOD ~nit are being 
returned to stores or shipped to other fac:lities. The only 
remaining detonation activity will be in-place detonation of 
duds resulting from training activities, exempt from ~CRA. 

Therefore, USMA believes that the OD area is not 
subject to RCRA subpart X permit requirements, since the 
activi:y cited as requi=:ng the permit is ~ot taking ~lace, 
and the only detonation act:vity taking ?lace is not subject 
::o ~CRA. 

OB/ OD of Confiscated ~xplosives 

USMA no longer conducts, and will not conduct. open 
burning or open detonation of explosives confiscated by 
civilian law enforcement agencies. 'I'herefore, a ~C?..A 
subpart X per~it is not required. 

~mergency OD Operations 

As stated above under "Open Detonation" all activity at 
the OD area has ceased. An EOD unit will no longer be 
assigned to USMA, but will be temporarily detailed :o USHA 
during training to detonate duds :n-place on the =anqe. 
3ased on the June letter, this activit1 does not require a 
:tCRA Subpart X perrni t. If circurnst:ances arise winch may 
require an emergency permit, USHA would request an emergency 
permit. 
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Closure of the OD Area 

The June letter requires that a closure plan be 
submitted if the Open Detonation area 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 II has acknowledged that the location of 
the OD area within the impact area makes it impractical to 
perfor:n eithe::- "clean" or "landfill closure." The!'efore, 
USMA is submitting a partial closure plan ~hich would 
consist of detonation of any unexploded ordnances identified 
in the OD area. Final closure activities are not described 
at this time. The OD area is only a small portion of the 
impact =one and in terms of any contaminants is 
indistinguishable from the rest of the impac~ zone. It 
would be imprac~ical to devise any closure activity for the 
OD area independent of any activities for :he impact zone 
·.vhich '.··i'Ould take place if USMA were to je c l osed and the 
impact zone no longer used. 

~esponse to :-l'OD 

Responses ~o certain of the items lis::ed in the NOD and 
tJ cer~ain of the items nor:nally associated wit~ a RC~ 
subpart: :{ ?e!':nit application are enclosed as Enclosures l 
and 2, respectively. These responses have been provided to 
:acilita~e an exchange of information. Responses to the NOD 
~hich ~re related to procedures dictated by open burning 
permit =equirements have not been provided, since USMA 
unders~ands that t~is issue will ~e discussed in the near 
::'..lture and ;JSHA jelieves that this act! '1i-c.y is not subj ec~ 
to ~c~ subpar:: X permit requi.:-ements. 

:nterim status 

Based on my telephone conversation with Ms. Parr
Doering, USMA understands that USEPA Region II believes that 
USHA is proceeding in good faith with respec~ to this matter 
and will not terminate its interim status i~ a decision 
regarding its ~CRA subpart X perm i t has not been finalized 
by November 3, 1992. USHA requests that USEPA Region II 
inform USHA if this understanding is incor=ect. 
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conclusion 

USMA greatly appreciates the cooperation of USEPA 
Region II with respect to this matter. USMA proposes that a 
meetin~ 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 for such discussions. 

:::nc.l.osures 
l. certain NOD Responses 

Addit~onal I~formation 

Sincerely, 

\-- -. 
\~~c.>-.~~_.. 
Ronald F. Massey ~ 
Colonel , U.S . Army ~ 
Gar=~son Commander 



SECTION B 

FACILITY LOCATION 
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SECTION B 

This section provides information on the location, operation, and 
administration of the open burning (OB) unit at the United States 
Military Academy (USHA). It provides the information required by 
40 CFR 270.14(b)(l),(10), (11), and (19 ) , and the corresponding 
New York state regulations at Title 6, NYCRR 373-l.4(a) , 373-
1. 5 (a) ( 2) ( i) , ( x) , (xi) , and (xix) . 

B-1 GENERAL DESCRIPTION (NYCRR 373-1.S(a) (2) (i)] 

The USMA at West Point, New Yor]<., is l•:>cateS. in the sou:::ieastern 
part of orange county along the west bank of ~he Hudson River, 
approximately 80 km ( 50 mi. ) non:h of New Yor}\. City and 2 3 k,11 ( 14: 
mi.) south of Newburgh. Refer to Figure B-1 for details. The 
installation consists of nearly 6,480 ~a (:6,000 acres ), whic:1 
:ncludes the academy's campus area or Main ?ost o: 1,020 ~a 
(2 , 320 acres ) . The rema~ning 5 , 460 ha ( 13,~80 acres ) comprise 
che Military Reservation, which is a largely undeveloped tract 
consisting of :iring ranges and bivouac areas. Open burning 
operations are conducted :n a hilly part o~ ::he ~ilitary 
Reservation approximat:ely .:b.8 km (3 miles) wes:: southwest of the 
Main Post ( see Figure B-2). 

~he primar7 mission of USMA. s:~ce :.ts inception :n 1802, has 
been the training and education of of:icers seeking careers in 
the Uni !:ed States Army. ~.i'!1onq -:::ie activities :nvol ved :n 
cra:ning are art i :~ery :ir:nq exercises at ranges :n ~he Military 
~eservat:on. ~os~ ~iri~~ e~erc:ses qenera~e ~xcess ~ags of 
propellant ?Owders wh:ch are removed ~ram :as-mm howitzer shells 
and 60 , 31, 3nd !05-~m mor~ar s~ells ~o l:m:~ ~he distances 
projectiles 3re hurled. ~hese ~xcess ~ags canno~ be returned or 
ocherwise recycled . 30 c~ey are burn2d under ~arefully controlled 
condicions. 

A concrece pad has jeen ccns~r~c~ed ~o suppor~ a steel burn pan 
containin~ two remova~le sec~:ons in which propellancs are 
burned. All residues remaining afcer eac~ jurn are re~a1ned in 
the pan until cool, and are then cransferrec co SS-qallon drums 
for proper disposal. ~efer to Seccion c :or additional details 
on the characteristics or che ~acerials bei~g burned. Details of 
the OB process itsel: are ?rov1ded in Seccion D. 
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A series of photographs with accompanying legends has been 
p~ovided 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 angles , the concrete 
pad and steel burn pan placement, and other features of the site 
and surrounding area. 
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B-2 TOPOGRAPHIC MAP (NYCRR 373-1.S(a)(2)(xix)] 

Because of the need for different map scales , several topographic 
maps are necessary to provide all the information required by the 
regulations. Figure B-3 is provided to s how che terrain in the 
vicinity of the OB area, and to locate the OB pad with respect to 
the nearby surface water bodies . An ephemeral stream crosses the 
corner of the OB site, fed by springs at the base of the high 
wall along the southern edge of t h e fac i ~ity. These flows 
eventually reach Highland Brook near che access =oad to the site. 
Figure B-3 also indicates the approx:mate ~oundar:es of the OB 
area, the gate which serves as access c on~rol , and the location 
oi the OB pad and burn pan wi~hin tie 0 3 area. 2igure B-4 shows 
t h e same informat!on , but ~he map s cale ~~s jeen changed so that 
c ontours are more clear l y v isib l e for : he :mmediate area around 
th e 03 sit2. 

The topography o f the USMA is very :rregul ar, for the Hudson 
~i ver has f o rmed a gorge 0.4 to a .a km ( 0 . 25 t o 0 .5 mi ! wide i~ 
t he v:c:ni~y o ~ the USMA. Th e iand r:ses s~eep l y from an 
e l evation o f 6 1 meters (200 ft ) o n the Mai~ ?ost near the ~iver 
~o 435 meters ( l,420 ft) at the highest po:nt on c~e Mi litary 
Reservation . Approximately one-third of tie Military Reservat:on 
c onsists of s l opes of 20 :~ or greater. The reservation is heavily 
forested with deciduous trees and shrub, and dot~ed with numerous 
smal l swamps, marshes , and fresh water pones. 

Other required :nformation related to t he t opographic maps is 
listed in NYCRR 37 3- 1 .5 ( a) (2)( xix ) : 
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a. Map scale and date: Scales are indicated on each 
topographic map provided for this application. The date is 
not shown on the figures, but al l maps reflect present 
conditions as of July, :992. 

b. 100-year floodplain area: The OB unit is not located within 
the 100-year floodplain. Tje ~00-year floodplain elevations 
nearest to the OB area reach as high as 144 meter (472 ft) 
above MSL, according to Flocd Insurance Administration maps 
for the Town of ~i~hlands , of which much of the reservation 
is a par~. As can be seen in Figure B-4 , most of the OB 
site lies above the 229 m (750 f~ ) elevation, and all of it 
is above 22 7 me~ers ( 744 ft ) . This means that the OB 
operations take place at least 83 meters ( 272 ft) above the 
100-year floodplain. S1nce the OB unit is immune from 
flooding, no floodproofing or flood protec~ion measures such 
as those descr1bed in NYCRR 373-1.S ( a) (2 ) ( ~i) (b) are 
required. 

c. surface wat2rs including intermit~ent streams: Th~s 

information is provided on Figures B-2, 3, and 4. 

d. surrounding land uses ( residential, commercial, 
agricultural , recreation ) : Land uses in the area 
surrounding :he USMA are strongly influenced ~Y tje rugged 
terra:n wh1c~ places severe limits on commerc:al and 
agricultural developmen~. As a result most of t~e 

surrounding land is for2st, most suitable :0 r recreational 
purposes. Cont:~uous t~ ~~e USMA's southern boundary is the 
extensive ?alisaees In~2rsta~e ?ark system , including Bear 
Mountain and t~e Anthony Wayne Recreation Area. To the 
north of the USMA lies ~nother section of the Palisades 
Interstate ?ark which incl~des Storm King Mountain. ~he 
Hudson River- ::orms t:he eas..:ern boundary of us~_!\, and 
Constitut~on ~sland l i2s direc~ly opposite ~he Main ?ost 
area. The wester:! edge cif the us~.!\ abuts :he Woodbury Cree~ 
valley where some residential communities and agricultural 
activities coexist. The towns of central Valley, Cornwall, 
Highlands, Eighland ?alls, ~ighland Mills, ~ewburgh, New 
Windsor, and Woodbury are located near the USHA, and have a 
total population of about 130 , 000 people. Several light 
industries are based in some of these centers oi ~ooulation 
(particularly in Newburgh) bu~ repor~edly there are-no heavy 
industrial activities anywhere near tlle vicin1t:1 of the 
USMA. 
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e. A wind rose (i.e., prevailing wind speed and direction): 

I: 
.I.. 

g. 

h. 

; 
J • 

This information is provided in section s where the impact 
of OB operations on regional air quality is discussed. 

Orientation of the map (north arro~): 
this information. 

~ach map provides 

Legal boundaries of the HWH faci l iLY site : The approximate 
boundaries of the OB area are shown on Figures B-3 and 4. 
No official "legal" boundaries :iave been defined :or OB 
activities because the entire OB site represents only a 
small fraction of the USMA reservation, and lies entire~y 
within USHA. 

Access control (fences, gates ) : ~he road leading into t2e 
OB area has a locked gate to contro~ access, and has a 
number of warning signs posted :n each d:r2ct1on of approach 
to notify unauthorize~ persons o f t~e ?Otent1al haz~rds. 

Injection and withdrawal wells bot~ on-si:e and o::-si:e: 
As stated above, the nearest known ~ithdrawa: wells are at 
least 1,590 m (5,200 ft) from the OB s:te. There are no 
injection wells anywhere on or near the reservation. 

Buildings; treatment, storage , or dis?osal operations: or 
other struc:ures: There are no buildings in the viciility of 
che OB site. The remains o f the fo~ntat1ons of :wo 
abandoned buildings in the ~ighl and Brook valley adjacent to 
t ~e OS site have been overgrown with vegetation . and are of 
no archeological interest. Ref~r to ?:gure a-5 f o r a 
genera: arrangement sketc~ showing :te pad and bur~ pan in 
relation to the other structures at :2e site ( a rubble pile, 
a low concrete block wall, t wo sets 0£ ?Ower lines over2ead. 
utility poles, and access ~oads ) . 

~he Has~e residues generated by OB operation and ~rom 
cleaning out the burn pans after a treatment c7cle are 
?laced in containers and handled as hazardous waste unti~ 
sampling and analysis of the ash res:dues proves :hat the 
waste is not hazardous. Any precipita~ion which may have 
accumulated in the bur~ pans during t~e cool down period is 
also collected, sampled and analyzed in the same manner. 
Wastes that are verif ~ed as being nonhazardous are disposed 
of in permitted on-s:te facili~:es. :: the analysis proved 
that the residues were st~l l hazardous wastes (a situation 
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that has not occurred as yet) disposal would take place at 
~n approved off-site facility contracted to handle such 
materials. No storage of hazardous wastes is involved 
because all waste propellants are treated and disposed of on 
the same day t~at ~hey become excess. There are no sanitary 
facilities at the OB site, and no sewera~e or water 
distribution systems. 
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onto New York State Route 293, a paved two-lane roadway 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 with us Route 6 and the New York State 
Thruway at Cen~ral Valley. Trucks carrying excess propellant 
would not be using this road during rush hours. Moreover, t~e 
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 exit onto West Grove Road 
to reach the OB site, but their ~ravel d~stance along West Grove 
would be less than 300 meters (l,000 =~). 



·~ . -

• 

Date: 07/26/92 

With respect to loading/unloading facilities, waste bags of 
~ropellants are brought to the site by truck directly from 
the firing range where they are discarded as excess. The 
bags are transferred manually to the concrete burn pad, cut 
open, and the powder is loaded directly into the burn pan. 
No temporary storage or separate unloading operations are 
involved. Refer to section D for a description of the OB 
process. 

k. Barriers for drainage or flood control: ~un-on/run-off 
controls at the Military Reservation are relatively 
undeveloped because of the rugged nature of the terrain. 
Unimproved roads are served by rudimentary drainage controls 
as necessary, but water from springs and seeps often runs 
down or across such roads. ~lood controls at the OB site 
are non-existent because of its location far above the :oo
year floodplain. 

Locat:on o: operational units within t~e ?.WM sit2: Ref er to 
Fiqur~ 3-5 for details on this issue. 

B-3 LOCATION INFORMATION (40 CFR 264.18 and NYCRR 373-1.5 and 
2 . 2 ] 

B-3 TRAFFIC INFORMATION [NYCRR 373-1.S(a) (2) (x)] 

~raff ic in and out of the OB area is l imite~ ; o the trucks which 
~ring excess propellant bags to :~e site for ther~al treatment. 
~ost 0f : n e materials will origina~e at Range 2 f :r1Lg points 
(3uena Vis:a ) which is connected to the OE site by an un:mproved 
roadway, Wes: Grove Road. Traffic on this portion of the road is 
strictly controlled. and is only present whenever range firing 
activities are scheduled at Range 2. A :rue :~ typically makes no 
more than :wo :rips a day to the OB s::e carr7i~q excess 
?ropellant. A tY!Jical daily schedule f o r ~ange 2 wou l d ~e to 
fire up to 200 rounds in the mor~ing, t~us generating up to 1,000 
excess bags. Those bags would then be ~rought to the OB area for 
burning. The afternoon exercise would fi=e up to another 200 
rounds , yielding an additional 1,000 ba~s for treatment. The 
truck would make a second trip in mid-afternoon. The process 
would be repeated only about 15 to 25 days a year, so the amount 
of traffic generated i~ t~is fashion is minimal. 

Whenever waste ?ropellants are transferred from other ranges to 
the OB unit for treatment, part Gf the route takes ~he trucks out 
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SECTION C 

C. PROPELLANT CHARACTERISTICS (40 CFR 270.14(b)(2), 264.13{a), 
and NYCRR 373-1.S(a) (ii) and 373-1.S(a)(iii)] 

The physical and chemical characterist:ics of materials treated at 
the open Burning (OB) area are described in this section of the 
permit application. All materials ~andled at t~e OB facility 
have the hazardous character1s~:.c o: reactivity (D003) and are 
potentially toxic. ~eactive mater:ais from ordnance can be 
classed as ?ropellants, exp~osives, or pyrotechnics (PEP). Only 
propellants are creat:ed at: tie OB area. ~he general chemical and 
physical characteristics of the ?E? are described in Section C- i 
section C-2 contains a waste analysis ?lan i:hat addresses 
procedures ~or sampling , testinq, and ~valuatinq the residue 
generated from OB activi~ies. The informat:on submitted has been 
developed in accordance with the requirements of NYCRR 373-
1 . 5 ( a) ( i:.) ar~d 3 7 3 - 1 . S ( a) ( ii: \ . 

C-1 CHEMICAL AND ?HYSICAL ANALYSES (40 CFR 270.14(b)(2), 
264.13(a) and NYCRR 373-1.S(a) (ii), 373-2.2(e)(l)] 

C-la containerized Waste [40 CFR 270.15 and NYCRR 373-1.S(b)] 

USMA does ~ot store containerized waste. 

C-lb Waste in Tank Systems (40 CFR 270.16 and NYCRR 373-1.S(c)] 

US~A does '10t use i:an;<:s to s:.ore or t::-eat: hazardous waste. 

C-lc Waste in Piles [40 CFR 270.18 and NYCRR 373-1.S(e)] 

USMA does ;-iot u se was~e ::nles ~o s-:::ore 0r i:::-eat ha::ardous waste. 

C-ld Landfilled Wastes (40 CFR 270.21 and NYCRR 373-1.S(d)] 

USHA does not d~spose of jazardous waste in landfills. 

C-le Wastes Incinerated and Was~es Used in Performance Tests [40 
CFR 270.19 and · NYCRR 373-1.S(f)] 

USHA does not incinerate hazardous waste. 
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.. :--.~ ·· ·- c-lf wastes to be Land Treated [40 CFR 270.20 and NYCRR 373-
1.S(g)] 

USMA does not use land t::-eatment for hazardous materials. 

c-lg Materials in Miscellaneous Treatment Units [40 CFR 
270.23 and NYCRR 373-1.S(j)] 

Following is a general discussion of the chemical and physical 
properties of propellants, explosives, and ?Yrotechnics. T~is 

general discussion is ?rovided to give general informat:on 0n 
?EP, although only propellants will be burned at the USMA OB 
area. Energet:c materials are chemical compounds or mixtures of 
chemical compounds, and can be divided into three classes 
according to use: 1) propellants, 2) explosives, and 3) 
pyrotechnics (?EP). 3urning of energetic mater:als from ordnance 
is an exothermic chemical reaction. The react:on is self
sustai~ing until completion, after an ini~ial activating energy 
has been SU?pl2ed. Propellants and ex?losives, when ini~iated, 
evolve large quantities of gas in a short time. The difference 
between propellants and explosives is the rate at which the 
reaction proceeds. In explos:ves, a ~ast reaction produces a 
very high pressure shoe~ in the sur::-ounding medium. This process 
is referred to as a detonation and is capable of shatte::-ing 
objects. In propellants a slower reaction ~roduces lower 
pressure over a longer period of time. T~is ?ro~ess is refer~ed 
co as a deflagration and is ~sed to ?rope: objects. 

Classes of Energetic Materials 

?ropellants 

When ignited, :he prope~lant produces large quantit:es of hot. 
gaseous products. Complete combustion or defl~qration oz the 
propellant occurs in milliseconds ~n guns aild t~e pressure 
produced accelerates the projec~i:e down the barrel. ~~ 

propellants, a slower ~eaction ?reduces lower pressure over a 
longer period of ~ime. This lower sustained pressu~e is used to 
propel objec~s or to ?OWe~ auxiliary devices. ?ropellants can ~e 
distinguished from high explosives by the chemical rate of 
reaction. Propellants characteristically react (burn) at a rate 
that is much slower than the reaction rate of explosives. It :s 
difficult to distinguish between propellants and explosives based 
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on chemical composition alone. Propellants are characterized by 
their ability to burn at reproducible, controllable, and 
predetermined rates. When confined ~o the breech and barrel of a 
gun, the evolved gases produce high pressures, which provide the 
propulsion for the projec~ile. Under certain conditions, 
however, propellants can be made to detonate, and conversely, 
explosives that charac~eristically detonate may simply burn if 
the proper condi~ions of confinement, dimensions, degree of 
consolidation, and other fac~ors are chosen. Propellan~s can be 
grouped 2nto five classes. Division into tjese classes is on the 
basis of composition, no~ use. A given propellan~ composition 
may ~e sui~able for use in several applications. 

l. s1nqle-base propellant compositions are used in cannons, 
small arms , 3nd grenades. These compositions sontain the 
propellant n2trocellulose as t~eir chief ingredient. In 
addit~on ~o containing a s~abilizer, they may also contain 
:norgani: nitrates , nit=o-compounds, and nonexplosive 
~aterials such as metallic salts, metals, carbohydra~es, and 
dyes. These are low cost propellants that have a low flame 
temperature and low energy content. 

2. Double-base propellant compositions are used in cannons, 
small arms, mortars, rockets, and jet propulsion units. 
This term generally applies to composi~ions containing both 
~it=ocellulose and nit=oglycerine. They can a:so be defined 
as a propellant contain2nq n2trocellulose and a liquid 
organic n:~=ate which will qelat2nize nitrocellulose. T2e 
presence o f an ac=~ve qelat2n1zer makes double-base 
propellants more energetic than s1ngle-base propellants. 
The ballist:c ?Otent1al is increased correspondingly. The 
flame temperatu=e and =esulting barrel erosion is also 
increased. Additives ~re ~~equentl7 used :n addition to a 
stabilizer. 

3. Triple-base propellant composi~:ons ar~ used in cannon 
units. This ter~ :s applied to propellants containing three 
explosive :~gredients, N:tj n2troguanidine as the major 
ingredient and ~he othe~ ~wo usually consisting of 
nitroglycer1ne and n1t=ocellulose. The nitroguanidine as an 
additional energizer increases the energy content of the 
formulation without raisinc the £:ame ~empera~ure. This 
reduces gun bar-.... e_1 or - . th i-t- . __ os1on w: • no sacr _ :ce in 
performance . 
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Mixed nitrate esters are a propellant composition developed 
to replace the triple-base composition during a time of 
nitroguanidine shortages. As an example, the XM35 
composition contains nitrocellulose, ~XETN (l,1,1-
trimethylolethane trinitrate), TEGDN (triethylene glycol 
dinitrate), and DEGN (diethylene glycol dinitrate). As 
another example, the XM34 composition contains 
nitrocellulose, BT7N (~,2,4-butanetriol trinitrate), TMSTN, 
and TEGDN. The combination of mi:{ed ~itrate ester yields a 
higher gas volume and lower flame temperature s than t~e use 
of nitroglycerine alone. 

4. Composite propellants contain ne1~her ~itrccellulose nor an 
organic nitrate. They are usually a phys1cal mixture of a 
fuel such as metallic aluminum, a binder (which is normally 
a synthetic rubber t~at is also a fuel), and an inorganic 
oxidizing agent such as ammonium perchlorate. composite 
propellants ~r9 used ~r1mari~y i~ roc~et assemblies and 
chemical fuel ~e~ propuls1on un:ts. 

5. Ball propellants are used for small arms. The main 
ingredients are nitrocellulose and n1~roglycerin. 

Ammunition cartridges and mortars used at USMA are shipped with a 
complete propelling charge, an ignition cartr1dge, and a primer. 
The ?ropelling charge is contained in increments (known as 
charges) in bags. ?iring tables are used to determine the 
correct number a~ bags or cjarges to be used ~or firing. The 
number of cjarges used depends upon the distance frcm ~he f ir~n~ 
point c:o the impact point. Cjarqes noL. needed are excess and 
must be burned. In combat and :raining si~ua~1ons these charges 
are burned in the field. At TJSMA the cartridges include seven 
bags of propellan:. Only L.~o bags are used. The remaining 
excess bags are jurned in the bur~ pans. 

Explosives 

USHA does not trea~ e~plosives or pyro~ec~nics by OE. ~owever , ~ 
discussion of explosives and ~yrotechnics fol:ows because this 
information is relevan~ ~o the ·::losure of c:he OD unit t!1at :.s 
discussed in section I. 
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Explosives are substances or mixtures capable by chemical 
reaction, of producing gas at high temperature and pressure. 
Explosives can include high explosives, low explosives, 
propellants, igniters, primers, initiating, and pyrotechnic 
compositions. For explosives, a fast react:on ?rotuces a very 
high pressure shock in the surroundi~g medium capable of causing 
significant disrup~ion or damage to the surrounding medium. 

The variation :n the properties o: explosives is ?Ut to practical 
use in armaments by an arrangement referred :o as an explosive 
train. An explosive train consists of elemen:s arranged 
according to decreasing sens1tiv:ty and increasin~ potency. 
Normally , :he :allowing are the major energetic components of 
explosive ordnance. 

The first e!ement, the ini:iator or pr:mary e~?los:ve, consists 
of a smal! quantity of highly sensitive mater:al . 

1. ?r:mary e~plosives are often ~sed in ordnance ::ems i~ small 
quantities to init:ate an explosive reaction. ?rimary 
explosives are very sensitive and relatively easy to 
detonate by heat, impact, or friction. In l arge quantities 
these materials are extremely hazardous because of their 
great sensitivity. Primary explosives can be used in 
combination with fuels and oxidizers in ordnance. Other 
:ngredients are used to increase the sensit:vit7 of the 
~ixture to the desired property such as percussion or heat. 
These primary explosives are: 

Lead az1de is a sal: ~= hydrazoic acid, 
is white, sol:d, and has a molecular we:ght of 
291. 26. The pure compound has ~HO c~ystal forms: 
or~hor~ombic and monoclinic. The ~r~horhombic 
for~ is very sensitive and tje =ormation of this 
crystal dur~ng manufacturing mus~ be avoided. 
T~ere are several =arms o: ~ead a=~~e used for 
~ilitary purposes. These include : dextr:nated 
lead azide. service lead azide, colloidal lead 
aziae, polyvinyl alcohol lead azide, ~D- 333 lead 
az~de , and dextr:nated colloidal lead az de. 

Mercury fu lm1na~a Hg ( ONC)~ 
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Mercury fulminate is a salt of fulminic or 
paracyanic acid. The acid undergoes 
polymerization very rapidly in both aqueous and 
ethereal solutions, and so cannot be isolated, 
thus the structure is undecermined. Mercury 
fulminate is no longer used by the United States 
military because of poor stab~lity. The usual 
stability tests are not applicable to mercury 
fulminate, due to explosion in a =elatively short 
time at temperatures above 35°c. The products of 
deterioration are nonexplosive solids rather than 
gases . 

DDNP ( diazodini~rophenol) 

This explosive is also ~nown as 4,5 -
d:nitrobenzene -2-diazo- l-oxide. dinol, diazol, and 
DADN?. ~~= compounc is a ~reeni3h-ye :2.ow to jrown 
solid with tabular crystals and a molecu:a= ~eigh: 
of 210.108. DDNP is used as an ingred1en~ in 
priming compositions and in commerc:al blasting 
caps. Tests indicate that DDNP is less sensitive 
to impact than lead azide or mersury fulminate. 

Lead styphna<:e 

Two ::orms of :ead StY";)hnate are 11sed as ?r:mary 
expiosives: bas:c and normal. Basic 2.ead st~!Phnat-:: has a 
molecular we:~ht of 705.53 and has two crys<:al forms: 
yellow needles with a density of 3.878 grams ?er cubic 
centimeter and red ~risms w:th a density of 4.059 grams per 
cubic centimeter. Norma: lead styphnate has a molecular 
weight of 468.38 a~d is yellow-orange or reaaisn-brown , 
rhombic, needle-like cr'ls~als. with a densi~y of 3.02 grams 
per cubic cen~ime~e~ a~ 30°C. Normal lead styphna~e is 
slightly less sens:::ve to impact :han mercury fulm~na~e or 
DDNP, ju~ is more sensi~ive <:han lead az~de. 

~.:·~· · .. 
... ~~-:.· "-

Tetl.·acene 

Tetrace~e is also known as 
guanyldi3zoquanyltetrazene and 4-quanyl-1 -
(nitrosoaminoguanyl ) - 1-tetr3zene and is a 
colorless ~o pale yellow, flu~~Y ma:erial ~ith 
needle-li~e crystals. Tetracene can je used in 
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detonators when initiated by another primary 
explosive. In such cases, the te~racene functions 
as an intermediate booster or as a sensitizer to 
flame or heat. In some cases, tetracene is used 
in primers where as little as two percent 
tetracene in the composition results in uniformity 
of percussion sensitivity. Tetracene is of the 
same order of sensitivity as mercur7 fulminate and 
DDNP. 

KDNBF (?Otassium d:nitrobenzof~roxane) 

~DNBF is a red crystalline solid wi~h a molecular 
weight of 264.20. KDNBF is used i~ primary 
compositions. The sensi~ivi:y is ~etween that of 
mercury fulminate and lead azide. 

~MNR ( lead mononitroresorcinate } 

LMNR has a molecular weight of 260.30 a~d forms 
microscopic reddish-brown crystals. The compound 
is used in electric detonators with dextrinated 
lead a2ide as the spot charge to initiate a 
pentaerythritol tetranitrate (PETN) base charge, 
as an upper charge, and as an ingredien~ in 
?r:mary compositions. 

?=:mary compositions 

?=imary compos:t:ons are mixtures of p~imary 
explos:ves , fuels, oxidizers, and other 
ingredients used to initiate detonation in high 
2x~los:~e charges or to ignite prope:lants and 
?Yrotec~nics . ~uels commonly used in priming 
com~os:::ons are lead thiocyanate, antimony 
3Ulfide . aud ca:cium silicide. The last ~wo also 
serve :o sens:tize the composition ~o ~=1ction or 
?ercussion. ox:di=ing agents i~clude ?Otassium 
chlorate and barium n!trate. Several other 
ingredients may include primary explosives and 
~inders. The major determining factor in 
ingred:ent select:on is t~e momentum which is 
needed to detonate the priming composition. The 
t:rpes or :mpetus commonly ~lsed are ?ercussion and 
electr!cal. ?ercussion type ?rimers are used 



Date: 07/26/92 

extensively fo= the ignition of propellant. Stab 
detonators are used to directly initiate secondary 
explosives. Electrical ?rimers are used to ignite 
the charge which may ~~~n undergo a deflagration 
to detonation transfer. There are several types 
of electrical primers, these i~clude: exploding 
br:dge wi=e, hot wire bridge, film bridge, 
conductive mixture, and spark ~ap. 

2. The second element in the explosive train is the booster, 
which contains a larger quantity of less sensitive but more 
powerfu l material called 3 secondar7 high explosive. The 
bcoster is used either as a~ inter~ediate stage to detonate 
material that is too insensitive to be detonated by the 
relatively weak initiator, or to ensure complete 
deterioration of the main charge. The main charge is also a 
secondary explosive. It is the least sensi~:ve material but 
comprises the bulk of the explosive charge. Secondary 
explosives differ from primary explos:ves :n t~ree major 
ways: 1) small uncombined charges of secondar7 e~plosives, 
even though ignited, do not transfer easily from a burning 
or deflagration reaction to a detonation; 2) ignition by 
electrostatic spark is difficult, except in the case of dust 
clouds; 3) the shock required for ignition is muc~ greater 
for a secondary explosive. Secondary ex?losives can be 
divided into several classes that are less sensi~ive than 
primary explosives. These consist of the fol_owing : 

Alipha~ic nitrate esters 

~here are several common compounds in ~his 
category. These compounds are prepared ~Y 
a~taching an oxygen atom ~o the compoucds being 
ni~rated. 

~,2 ,4 -outanetriol Trinitrat: ( BTNl is a good 
gelatinizer for ~itrocellu!ose and can be 
used 3s a substitu~e for n:t=oglycer:n in 
double-basec propellants. 

Diethylene;lyco! Jini~rate ( VEGNJ can be usee 
as an explosive and can be used in 
propel_an~s as a colloiding agen~ fo~ 
nitroce!l~lose . Propellants based on DEGN 
and nitrocellulose develop relatively low 
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temperatures and cause relatively little 
erosion of guns, but are unduly volatile. 

Nitrocel:ulose (NC ) is a mixture of nitrates 
obtained by nitr~ting cellulose. There are 
five recognized and used grades of 
nitrocellulose that include pyroxylin, 
pyrocellulose, guncotton , high nitrogen 
nitrocellulose, and blended nitrocellulose. 

Nitroglycer:n (NG ) is a clear , colorless, 
odorless. oily liqu:d w:~h a sweet , burning 
taste and a molec ular weight of 227.:. 
Nitroglycerin is used extens:vely in 
propellant compos:tions ~s a gelatin:=ing 
agent £or nitrocellulose as well as in 
dynam:tes and for ::~e shoot:ng 0£ oil wells. 

Nitrostarch (NS) is a rn:x:ure of nitrates 
obtained by nitrati~g starch. The structure 
of nitrostarch is the same as for 
nitrocellulose, with the exception ~hat the 
?Clymer chains are spi=al rather than 
straight. Nitrostarch has a wide variety of 
gelatinizing agents and :s used rather than 
~itrocellulose in explosive composi:ions 
chiefly as a substitute for nitroglyceri~. 
These compositions have tne ~ajar advantage 
of being nonfreezing and not subjec:: to :~e 
desensit:zation that accompanies :he ~=eez:ng 
o i:. nitroglycerin e:{plos l ves. :H ::;:ost:arch 
~~plosives have been used as successfully in 
t~e Antarctic and Arc~:c re~ions as ~n 
temperate climates. 

?entaerythritol ~etrani~rate ( ?S~N) is a 
white solid with a molecular weight of 316.2. 
PSTN is used in ~~e ~xplosive c~re oi 
indust=ial detonating fuses, :n ~he charge of 
commercial ~lasting caps, and ~s the entire 
explosive charge :n exp:oding bridge wire 
detonators. PSTN is also used :n cer~ain 
plastic bound explos:.ves and ::..n ~ mi:{ture 
with 2 , 4,6-trinit~otoluene ( ~~~) called 
pentol:te. 
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Triechylene Glycoldinitrate (TEGN) is a light 
yellow, oily liquid with a molecular weight 
of 240.20. TEGN is used as a gelatinizing 
agent for nitrocellulose in propel!ants or as 
a component in a liquid explosive, a 
plasticizer in the fabrication of f :exible 
explosive sheets, and as a ?lasticizer in 
?Yrotechnic flares. 

2,1,-Trimechylolethane Trinitrate (TMETN) is 
a sl:ghcly turb:d, v1scous ail w:th a 
molecular weight of 255.15. TMETN can be 
used as a flash and erosion reduc1ng addi~ive 
in propellants and an inqredienc of 
commercial explosives. 

Compounds in this class include: 
Cy clotetramethylenetetranitramine (EMX), 
Cyclotrimethylenetrinitramine (RDX), Zthylenediamine 
Dinitrace (~DDN), Ethylenedinitramine (~aleite), 

Ni~roguanidine (NQ), and 2,4,6-
~=initrophenylmetjylnitrarnine (Tetryl ) . 

compounds in this class :nclude: Ammonium 
?icrace, :,J-D1arnino-2,4,6-Trinitrobenzene (DATE) , 
2,2' ,4,4' ,5 , 5'-Hexanitroazobenzene (~NAB), 

Hexan:crostilbene (HNS), l,3,S-Triamino-2,4,6-
~=:n:~robenzene (TAT3), and ~~T. 

Ammonium n:trate 

Ammonium n:~rate is in the crys~al ~arm wit~ a 
molecular we:ght of 80.05. 

Compositions 

Cornposicions are explosives in which cwo or more 
explosive compounds are mi~ed ~o produce an explosive 
with suitable characteristics for a part:cu~ar 
applicat:on. Normally the character1stics of the 



Date: 07 /26/92 

compositions are an intermediate between the 
characteristics of the individual explosive 
ingredients. Composit:ons can include binary mixtures, 
ternary mixtures, and ~uaternary mi~tures. 

• Binary Mix~ures 

Amatols are mixtures of ammonium nitrate and TNT. 
Composition A consists of a series of formulations 
of RDX and a desensit:zer. Composition 3 consists 
of mixtures of ~DX and TNT. composition c is a 
~last:c demolitlon explosive that was used by the 
British and could be shaped by hand. Composition 
c con~a:ns abou~ 88.3 percent ~DX and 11.7 percent 
of a none~plos~ve oily plast:c:zer. Composition 
C~6 is an explosive mix~ure containing ~DX, 
calcium stearate, graphite, and polyisobutylene. 
composition C~6 is primar:ly ~sed for ~oosters 3nd 
leads. Ednatols are ~i~~ures of ~aleite and T~T. 
~dnatols are used for t~e satisfactory jursting of 
charges in ammunition. 

Octols are m:xtures of HMX and TNT. Octals are 
used as an oil we:: formation agent and in 
:ragmentation and shaped charges. 

?entol:tes are castable explosive mixtures 
containing ?STN and TNT. 

?:crate: :s a mi~ture ci ammonium picrate and TNT. 

Tetrytols are mi~tures o: TNT and tetryl. The 
United Sta~es no longer uses tetrytols, iowever 
these mlx~ur~s are still ~sed jy ot~er nat:ons. 
7~~=y~ols ~re ~as~ into ~un~tions. 

~r:tonai :s a m:x~ure of TN~ and flaked aluminum. 
Tritcn~l is used as ~ fi:ler :P- bombs and shells. 

Ternary Mixtures 

Amatex 20 consists of xDX, TNT, and 
ammonium nitrate .ind is used as filler in 
ammunition items. Ammonals are mixtures 
containing as pr1~cip l e inqred1ent3, ammonium 
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nitrate and powdered aluminum incorporated with 
high explosives such as TNT, DNT, and RDX. The 
major use of this composition is as a projectile 
filler. 

High blast explosives have three 
compositions HBX-1, HBX-3, and H-6. HBX-l and 
HBX-3 consist of RDX, TNT, alu~inum, wax and 
lecithin. The formulation o: H-6 is the same 
except for the deletion of T~T. 

HMX, TNT. and ~lumi~um mixture 3 
(HTA-3) is cast as a muni~ion. 

Minol-2 consists of T~T. ammonium 
nitrate, and aluminum and is used in four types of 
ord~ance: underwa~er deptj ~ombs, block buster 
bombs, concrete :~agmentat:on ~omns, and qener~l 
pur?ose bombs. 

Torpex consists of RDX, ~NT, 

aluminum powder, and wax and is cast into 
munitions. 

Quaternary Mixtures 

The depth bomb explos:ve (DB~) is 
~he only explosive covered unter ~his satego~y an~ 
consists of TNT, RDX. ammoni~m n:t=a:a, 3nd 
al ~.tminum. 

Plast~c bonded explosives (PBX) 

PBX is the term applied to the ~=cup o : ex?losive 
mix~ures which ~ave high mechanical 3t=engt~. ;cod 
explosive properties, e~cellent chemical stabili~7, 
relative :nsens1~:vi:y to handling and shock , ~nd high 
thermal input sensitivity. 

Industrial explosives 

Dynamites are comrnerc:al blasting explosives which have 
a composition of nitroglycerin and ~ieselguhr. 
Kieselguhr is a chemically inert, but 9orous, ~ater:a:. 
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Ammonium nitrate fuel oil explosives (AN?O) require a 
high explosive booster containing pentolite, 
composition B, or another similar high explosive. 

water gel and slurry explosives consist of ammonium 
nitrate with or without other oxidizing aqents, 
explosive or nonexplos:ve sensi~i=ers, fuels, and 
gelatin forming compounds in an aqueous medium. Sl~rry 

explosives contain the same ingredients with additional 
compounds that ~ond the solid par:icles and prevent 
water ~rom defusing in and out of tje slu~ry. 

Pyrotechnics 

Pyrotechnics is :he technology of utilizing e:{othermic c~emical 
reactions that, generally speaking, are non-explosive, relative:y 
slow, sub-susta~ni~g, and self-contained. All ?Yrotechn:c 
compositions c8ntain oxidizers and fuels. Add:~:ona: inqredients 
pr~sent in most compositions may incl~de binding agen~s , 

re:ardants, and waterproofing agents. Some compositions may also 
include smoke dyes and color intensifiers. 

Pyrotechnics evolve large amounts of heat, noise, smoke , light, 
or infrared radia~ion but much less pressure than propellants or 
explosives. 

Determination of Chemical Compositions 

Routine Ma:eri~ls 

Table c-:, General Chemical Composition of Propellants Burned at 
the United states ~ilitary Academy, gives ~2e general :hemica_ 
composition of t7pica~ 9ropellants. The specific chemical 
composition of energetic propellant materials cu=rently burned by 
OB are given ir. Appendix C-1, Chemical Composition of P~opellants 
currently 3urne~ at the Uni:e~ States Military Academy. 

The propellants ~equiring t=eat~ent by 03 are not usual_y samp_ed 
and analyzed because of the la~ge amount of information availabl~ 
concerning their physical and chemical characteristics. sampling 
and analysis is not required to gather sufficient chemical and 
physical data to treat the propellants. This information comes 
from historical data, mili~ary specifications, and ordnance 
publications. 
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The propellants treated are contained in bags. Each round of 
artillery or mortar contains 3 - 7 bags of propellants known as 
charges. When used in training exercises at USMA only 2 bags are 
needed. ~he remaining bags of propellant must be burned. one 
bag of propellant burned for each round contains a lead foil 
weighing up to 3.4 ounces. This, lead-foil-lined bag is burned 
along with the propellant from that round. 

... • • • - · ... • - -: l • . . .- -~ ._ ..... ...,,. 
- ,..", --"'~ -~~-~ .. &. 
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TABLE C-1 
GENERAL CHEMICAL COMPOSITION OF PROPELLANTS 

BURNED AT THE 
UNITED STATES MILITARY ACADEMY 

Propellants 

Name Chemical Formula 

Nitrocellulose 

Nitroglycerine 

Nitroguanidine 

07/26/92 

These three primary constituents can be used alone or in various 
combinations along with metals, metallic salts, and organic polymer 
binders. 

Source: Military Explosives, Department of the Army, Technical Manual, TM9-1300-
214, September 1984 

c-13--
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Unidentifiable Materials 

All materials treated at USMA are identifiable. Therefore, it is 
not necessary to address a procedure to identify unknown 
materials. Unidentified materials will not be treated. 

Unusual cases/Emergencies 

In the event that a determination is made that an energetic
containing item could cause substantial endangerment ~o human 
health and/or the environment, immediate treatment by OB or Open 
Detonation may be required. When treatment of an energetic
containing item is required, a request will be made to the 
Director for a temporary emergency permit to allow treatment of 
items not covered by the permit. This request will be oral (by 
phone) and wil~ be followed by a written notification of the 
emergency activity. If the emergency event occurs during a time 
when the Direc~or is unavailable (e.g., during off-hours, 
weekends and holidays), the Director will be informed by phone 
during normal hours followed by a written notification. 

New Propellants Requiring 3urning 

Items not included in Appendix C-1 must be shown to meet the 
environmental performance standards described in section s. ~~is 
process wi:i consist of the fol l owing steps: 

1. ~he chemical composi~ion of the energetic materials in 
t h e item wi:: be determined. ~eferences used may 
include , but not be limited to, his~orical data, 
military specifications and ordnance publications. The 
new i~em wi l l ~e cjarac~erized according ~o energetic 
constituents and ~~eir weight ?ercents as in Appendi:: 
c- ~ 

") .... Ccmpar~ ~~e c~emical composition of the new item wit~ 
~he items in Appendi~ C-1. If ~he new i~em contains 
i~entical energetic constituents and weight percents as 
an existing item then the new item may be treated in 
quantities which comply with the allowable quantities 
established for that item. 
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If the new item is not identical to an existing item a 
POLU modelling run must be completed for ~he new it2m . 
Ref er to Section E-3 for POLU modeling description and 
output analysis. The POLU output must be analyzed by 
comparing the combustion products to the table for air 
criteria in Section E-3. Combustion products and 
energetics other than those in Table E-3-:7 must be 
reviewed to determine if Federal or state ambient air 
standards or guidelines exist for these compounds. If 
standards or guidelines are found they must be added to 
the Table of Air Criteria. Emission factors for all 
combustion products and energetics with air cr:teria 
will then be developed from the ?010 output or by 
calculating emission factors for energetics using a 
99.99% DRE. 

~llowable treatment quantities will be ca:c~lated for 
eaci contaminant and its correspondin; exposure periods 
using the following equation: 

'tfhere: 

~ = allowable treatment quantity ( :bs of 
propellant) per exposure period specified by 
y 

v = air cr::eria from Table E-3-17 (ug/m~ for 
each exposure period) 

x" = dispersion factor :ram Table E-3-16 for 
exposure period correspondin~ to y 

7 1 = emission factor lb. pol:utant/lb. propellant 

5. Construct a table similar to Table E-3-19-, ~eview the 
treat~ent quantities for each contaminant and exposure 
period and calculate which are the most restrictive 
quantities. These quantities wil_ allow treatment of 
the propellant while complying with all ambient air 
standards and guidelines. Add the new item and its 
most restrictive short term ~reatment quantities to 
Table E-3-20. 
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Post-Burn Activities 

After each burn, the immediate area su=rounding ~he burn ?an and 
concrete pad unit is inspected (see section F ) . Any unburned 
propellant would be collected and held at USMA until the next 
scheduled burn. The OB unit containmen~ pans are covered when 
not in use to prevent precipitation from en~ering ~he burn pans. 

Prohibited Items 

Certain items are prohibited from OB by Army =egulation ( ~R-200-

1 ) . These include military chemical warfare agents or related 
compounds, or materials contaminated with these agents. ~ypical 
mili~ary chemical warfare agents and related compounds i:~clude, 
but are not limited to, the following classes of agen~s: 

c~oking agents 
nerve agents 
blood agents 
blister agents 
incapacitating agents 
vomit~ng compounds 
herbicides 

A second group of items are prohibited from rout1ne t=eatment bu~ 
may 0e ~rea~ed under emergency conditions. 

3mokes 

Titani~m tetrachloride (FM) 
su:fur ~=ioxide - chlorosulfonic acid (:s) 
Hexach l oroethane (HE ) mixture (6.68% gra1ned aluminum , 

4 6.6 6% zinc oxide, and 46.66% hexachloroethane ) 
Wh~te phosphorous (WP) 
3ul~ red ?hosphorous (RP) 
?las~~cized white phosphorous ( ?WP ) 
oil smoke 
Colored smokes ( red, yellow, green , v iolet, wh1te, 
etc.) 
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Incendiaries 

3utectic whi~e phosphorous (SWP) 
Napalm B (50% polystyrene, 25% benzene, and 25% 
gasoline by weight) 

07/26/92 

Thermite mixtures (i.e. TH3 which contains 68.7% 
thermite, 29.0% barium nitrate, 2.0% sulfur, and 0.3% 
oi: as a binder) 

Tear producing compounds 

In some c3ses, :reatment will ~e allowed wit~ special item
speci=ic ~est~ict~ons as necessary to meet the stancards. Such 
restrict:ons would include ident1£icat1on oi ::1e appropriate 
treatment technology and OB quantity limits per event or over a 
period of time. As determined on an i:em-by-item basis, ordnance 
not meeting :~e environmental performance standards established 
in section S will also be prohibited ~rom tr~atment by OE. 
Finally, OB 0£ any ~aterial that is not react:ve (D003) is 
prohibited. 
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SECTION D 

PROCESS INFORMATION 
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SECTION D 

D. PROCESS INFORMATION 

This section provides information on t:he faciii ties, equipment, 
and management practices per-caining to the burn unit at the USMA 
facility. '!'he burn unit consists of the Open Burn (OB) unit on 
Range 2. Sec~ien D-8 provides details en the OB unit. 

D-1 CONTAINERS (40 CFR 270.15 and NYCRR 373-1.5(b) J 

USMA does not: store hazardous waste in containers. 

D-2 TANK SYSTEMS [40 CFR 270.16 and NYCRR 373-l.5(c)] 

UStA~ll,, does nee: manage hazardous waste in ::2nk systems. 

D-3 WASTE PILES (40 CFR 270.18 and NYCRR 373-l.5(e)] 

USMA does not manage hazardous waste :n wast:e piles. 

D-4 SURFACE IMPOUNDMENTS 
1.5{d}] 

[40 CFR 270.17 and NYCRR 373-

USMA does no-c manage hazardous waste i::i sur:ace impoundments. 

D-5 INCINERATORS [40 CFR 270.19 and NYCRR 373-1.S(f)] 

USMA does no-c manage hazardous was-ce :n i:1c::1erators. 

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

USMA does no-c manage :!azardous was-:e :n landfil.is. 

D-7 LAND TREATMENT (40 CFR 270.20 and NYCRR 373-1.5(g)] 

USMA does not manage l:.azardous '.<1aste in land :::-eat;:nen-c i.:.ni ts. 
D-8 MISCELLANEOUS UNI'!'S: OPEN BURNING (OB} [40 CFR 270.23 

and NYCRR 373-1.5(j}] 

D-8a Description of ~iscellaneous Units (40 CFR 270.23 and 
NYCRR 373-1.S(j)] 
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Description of Burning Trays (Pans) and Materials 
Treated [40 CFR 270.23(a) and NYCRR 373-1.S(j)(l)) 

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

OB, as currently per~ormed. is ~he cont:rolled burning of 
propellant materials in meta l pans located w~thin the designated 
OB area of USMA. ~he burn pans are located inside of metal trays 
which serve as secondary corn:a::.nmerr::. The pan is p l aced on top 
of a concrete pad to provide additional containment. ~he OB area 
consists of a grave l lot approximate ly 100 feet: by 200 feet. The 
area is approximately 300 feet: :rom ~out:e 293 as shown in Figure 
B-1. A padlocked metal gat:e i s l c cat:ed at the roadway ent:rance 
to t::i.e site. A s i c;n reading ":Janc;e:- - ~a!lc;e .i\rea - Authorized 
Personnel On l y" is posted beh i nd ::h e gat:e. 

The frequency of burn and t:he quant:ity of propellants contained 
in, and the number c f items treated annually at USMA varies from 
year to year. ::uture frequencies and qua!i.ti ties wil l depend on 
future DOD activities. The pr i mary i nfluencing fact:or is the 
level of training activities. 

The burn pan assembly consists o r an outer containment pan with a 
cover and an interior nurn pan. The cont:ainment pan was 
c onstructed using 1/ 4- i nch t h ick steel boiler plate. The 
containment t=ay is a simp l ~ rectangular ~ox with the dimensions 
o f 3-feet, 2-ir..ches wide by 12-fee-c l ong by 1-foo-c ~1igh. The 
cont~inment pan is ~itted with an aluminum cover, equipped with 
handles . '!'he cover can ~e manually lifted over t :1e pan and 
fitted down over ~ts s:des. '!'he inter i or bur~ pan was 
constructed using 1/4-i:1ch ~h~ck steel boi~e:- 9late. Two 
parallel stee l ::ieams , S-inc h in height, ex-cending along the 
length of the underside o: eacl1 pan , ?r2ven-c the i:-i-cerior bur:i 
pan from contac=ing the : l oor of the ~ontainment ~an. The 
interior burn pan ~s lined wich 3-inch -chick heai: resistant fire
clay anchored to ':he l.nside of the pan with st:ai!1less stee l 
anchors. A dr-awing o: -che burn pan assembly is included in 
Appendix D-1. The condition of the pan wil l be determined before 
each use. Although highly unlikely , because of the nature of the 
burning pan construc:.ion, any l eaks of mater~a l :rom i:he burning 
pan will be detected b y visua: inspec t ion. 
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A brief descript:ion of this OB 

·:- · ~ ~.-··- -:...rfter the day's training exercises, ::he excess bags ·of propellant: 
will be placed int:o the burn pan. The propellant will be ignited 
and allowed to burn. The bur~ will last irom 5 to 20 seconds. 

After the propellants are burned and the pans have cooled. 
ooerators will collect any remaining ash i::-om the "9an with a 
b~ush or whisk broom. shovels and a dust pan. The pan covers 
will be placed back on the ?ans and remain in ~lace unt::..l t!1e 
next use of Lhe pans. Ash from each individual ~ltrn "Nil: De 
visually evalu e.-:ed io:- any phys1ce.l characterls-c:.cs :.!lC:.icat:i:::c; 
that the propellan-: was not: success:ully trea-c2d. :;:ems woul~ be 
present as a ?lug or ~ granule of propellant:. Treated ?ropellant 
is present as an ash. The non-react l ve bur:: ~an ash wi:.:.. be 
emptied at least once per week during the active use of the burn 
s:.te ( summer ~on::js ) . ~CLP analysis performed on she ash ::-es:.due 
indicat:es ;:his :na-:e!'ia2. :..s tox:..c due to it's ::..ead con-cen-c. ':'::e 
ash resiC.ue Wl.!...i.. be coni:ainerized into a st:eel ccn-:airier ar:c 
plainly marl<.ed "~azardous Was-:e". ':'h:..s drum w:..J..L be ret:a:.ned at: 
the OB ground. I-:: will have a secure lid which wi l l be kept: 
c2.osed unless c.sh is being added, removed, o:- sampled. .il.£t2:!:" 
training the drum ·r1ill be shipped to a permi t:-:ed RCRA facili ~-i 
of £site for treat~ent and disposal according to the Land Disposal 
Res tr::..ctions in 6 NYCRR ?art: 3 7 6. :. f the ash does not exh:..bi t 
::ie characterist:ic of -:oxicity, it: wiil be d::.sposed o: in a 
5Uitable solid waste ~ispos~- ~acilit:y. The hc.ndl1nq of the asn 
:-es:.due is d:.scussed ::..n more detai2. in sect::..on D-3a ( l ) 2.S and 
s-=ction :: . 
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Documentation of Protection of Human Heal th and the 
Environment (40 CFR 270.23(c) and NYCRR 373-l.5(j)(3)] 

The operating provisions that will be employed to protect human 
health and the environment: during OB operations are described 
below. The analyses to b<:: unC.ertaken to demonstrate that these 
provisions are adequate to protect human health and the 
environment are com:aineG. i;i Sec-:.icn :: of this permi:: 
applicac: .. on. 

D-8a(2.1) Control of Ejected Material During 3urning 

This section aC.dresses t he ?<Jss:.bi l :. -cy t:z:ac: asi"les. embers, or 
othe!:' so2.:.C. :nat:er:.a.:.. d er:. ',·ed d u r:.r;.q :: l:.e jurni::.g of -propellant 
will be ejecte~ from the bur~ pan onto ::h e ground during burning 
operations. T~is ~ auld ?Ot2nt::a l ly star-c an uncontro:lable fire 
and/or cause env:ronmenc:.=.l contamJ..nat1on ·..r:..a t:he so:.l, surface
wate!:' , a~d groundwater pat~ways. T~:s ?Ocent:.a l 9rob l em w:.11 be 
m:.n:.m:.zed jy several ?re ventive ~easures. 'I':ie l -foo-c depi:h 0: 
i:he pans 15 3 Uif ic:.ent to p~event ~OSt: Stray part:.cles from doin~ 
anyt:h:ng more t h an bouncing o±::: the J..nsi de wall s of t:he pans. 
The par..s are p l aced on top oi a concrete pad. This makes t:he 
de-cec-:ion and co 2.lection of any ejec-ced propellan~ much eas:.er to 
accomplish. ?er:. od:.c c leanir:q of the pans :ol lowinq burninc; 
operations and t he use of lids i n bet:ween burns will reduce t:he 
pot:entJ..al : o:- :-el ease ')I -:!.S h . Pre-:aurn :.nspectJ..ons w:.11 be 
conC.uc-ceC!. of -::: ~12 burn p ans -:: o ensure t:iat -:hey have !"ecainec 
-:heir s-:r ~1c-:u ::-al :...:Eegr1-cy . ~inal2.y , pos-:-.burn 1ns"?ections of 
c: he ar=a sur:-oundinq th<: pan wil l revea l the :;Jresence of t:he 
:aroer 3:..zed e J ec -:ed ma-:er:..als . These mater:a l s NJ..ll be 
co l lecc:e~ from the burn area and re~urned -- necessar7, or 
managed as ha=ardo~s waste un-:il tes-:ing c an ~e done to dee.ermine 
the nacure 0: che was-ce. 

It is 'lnsafe ".:o api;iroach -:: ::.e bl!rn pans for 3.Sh r<emoval and 
inspect:..on un ~ :.. l a 3uf~~cient period 0 f time h as passed, al ! owing 
a l : materJ..als :n -::~e ?an -co cool to the touch. Approx:..mately 30 
minutes are al ~ owed to pass before approachinq the pans. 

D-8a(2.2) Integrity of Burn ?ans 

This section addresses -che concern -:: hat ash residue or wastes may 
be released ::-om burn -;ians __ they should develop a l eak , or 
should break or cr3ck. such ::-eleases w1i_ be minimized through 
pre-burn and pos-: j urn J..nspec-c:.ons to determ:.ne burn ?an 
integrJ..ty. Any ~iqni £ :. c ant det e ~:orac :.. on wi l l resul~ :.n 



Date: 07/26/92 

integrity. Any significant deterioration will result in 
cessation of burning operations. Double containment is provided 
for the burn pan. The bu~n tray is placed inside a second steel 
pan. This pan is locat:ed on top of a conc:-ete pad. If the 
primary pan should develop a leak, it would be contained by the 
secondary pan. 

D-8a(2.3) Deterioration or Malfunction Procedures 

The most serious deterioration or malfunct~on during OB would be 
the loss of integ:-it:y of, or the development: oi a leak in, one of 
the bu:-n pans. Should an accidental release occu~. the released 
materials will ~e collected and either t:-eated in the next burn 
(if reactive) or taken to a ~isposal site. All materials treated 
are solids, whici can be eas:l:r collected i:E released. .:::.: the 
pre-burn inspection shows that the pan integrity has been 
compromised, " - ·r1ill not be used. Where :,Jost-bu:-n inspections 
show that the pan is de~ormed or its integrity has been 
compromised, :~ wil: je taken out oi serv:ce ~nd re~aired. 

D-8a(2.4) Preven-cion of Accumulat:ed Precipitation Within Burn 
Pans 

The accumulation of prec~pitat:on w1th1~ ~he burn pan could 
provide a means by which hazardous constituents in the ash could 
be released to the environment. Dampness ln the ?ans would not 
inhibit the bur~:ng of the p:-opellant because of its extremely 
~eacc~ve nacure o~ce :-eac~:on is iniciaced. During non
operat:onal ?eriods ~he :.ise er pan covers will prevenc: 
preclp!.t:a-cio11 :=om acctlmulating ll1 1=he burn pans. Each cover 
will 0"= ec;:u1ppeC. w: th ~1anC..:..es to allow operacions personnel -:o 
move it easily on and ot: the )an. These covers. the 
speci::ica-:..ions :or wh:.ch a,... 0 given in .l\ppendi:< D-l, are tight 
fitting and wi:: ~ema!n ~" ~~e ?ans dur:ng ~on-operational 
periods. 

In the unli~ely event ~~at wacer acc~mulates !!1 a burning pan and 
could inhibit t=eacment e::~ec'C:veness , i-: will be :-emoved ei-:her 
by pumping i!'l 'CO a G.rum or : -: w~ll be squeegeed . in to a dr'..lm, 
sampled and anal yzeC. :n accordance wi t:i proceC.ures outj,_ined in 
Section C, and disposed in accordance with appropri.ate 
regulations. Any accumulaced precipitation would not be a 
reactive waste. :f analvses determine 'Chat the water is 
contaminated with vrooellani::. cons ti tuen-:s it will be disposed of 
in accordance with -appropriate ~egu_ations. 
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D-8a(l)2.5 Ash/Residue Management 

Ash and untreated energet.ic material is potentially generated at 
two locations in and around the burn pan; within the pan as a 
result of the burning process, and surrounding the pan because of 
the potential ejection of propellant. Following a burn, the ash 
from the burn pan will be collected and ~laced in a labeled steel 
container with secured lids. If any untreated propellant is 
kicked out of the pan during treatment, :t. w:.11 be collected and 
treated in the next. jurn. 

D-8a(l)2.6 Fire Hazard Minimization 

~ject::..on of energet:c mat.e=1al dur1ng the bur:i can result in the 
deposition of hot. embers on the ground adjacent to ~he burn ?an. 
The :ire ~azard will De m:.nim1zed during open burning simply by 
the £ac-: that the pan is in the OB area, .:.ocated on top of a 
concrete pad, wit::. the i!llrnec.:..ate surround:.nc; area cleareC. o: 
combus-c.i.ble mate!.-::. al. ::;::::. addi t:.on, du!":ng a burn operation, 
fire-fighting personnel and equipment are on aler~ anC. available. 
The fire department will wet down t:ie a:-ea w: i: :1 water :;:ir2.or -r:o 
bu!"::iag in order to Jli:iim:..ze any fire hazard anC. remain there 
with a fire truck during tie burn. ?rocedures and equipment made 
available for protection, in the unlikely event that. an 
uncontrolled fire starts, are discussed in Section G ·: ~ontinqency 

?lan). 

D-8a(l)2 Standard Operating Procedures 

After the day 's tra:.ning ~xer:lses . the ~aqs of propellant will 
be placed into ~he bur:i ?an. ~he p=opel!ar.t shall be ignited and 
allowed t:o burn. 

OB operations w:ll not be conducted ~urJ..ng elec~=ical storms 
or ~hunders~orms. 

OB operations ~:11 be rest=:c~ed c!u=ing periods of h~gh wind 
velocity. 

No OB operation wJ..12. ::::e 2.eft ·.mat.-::ended c!ur:.ng t:ie ac-::ive 
portion of the operat:..on ( i.e. , curing the ac~ual bur~). 

OB operations will not be car.ducted durJ..ng perJ..ods of local 
air quality advisories/aler~s. 
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Dry grass, leaves, and other extraneous combustible material that 
has blown in or been brought inadvertem:ly into the burn area 
will be removed from the concrete pad and the area adj acem:: to 
the pad. Then the burn pan will be inspected to ensure that it 
is in good con di ti on and has been properly prepared for burn 
operations. In parti·cu2.ar, . l:h.e inspeci:ion will ensure that there 
is no excessive rust, no excessive buckling or warping of the pan 
because of excessive heat, ~o splitting or holes in the pan, no 
deterioration of welded seams, no ~vidence of metal fatigue, and 
that the pan is free of debris, trash, refuse, unburned or 
incompletely burned material or ordnance, ~r any other material 
that is not supposed to ~e :~ere. :f conditions are not 
otherwise safe, the burn ?an w1ll ~ot be used uctil safe 
condit1ons are rest:ored. 

once the burn pan has been ?repared, operators will check to see 
tha-c the materials ;ilaced in t:lle b1..:rn pan are those specified, 
and that no other :naterials of 3.Il"! t'Y!)e 3.re in the pan. '!'he 
con-cents of the pan will be alloweC. t:o burn until combustible 
mater1als are cccsumed. This w1:1 take lass shan one minute. 

OB operations a::-e conC.uc-ced in accordance with L:lepartment of 
Defense SOPs as well as Military service-specific SOPs. '!'~e 

generic procedure for OB is documented in USMA ~EG 385-11. This 
reference lS periodically reviewed and updateC.. 

D-8b Propellant Characterization (40 CFR 
2 6 4 . 6O1 ( b) ( 1 ) , and 2 6 4 . 6O1 ( c ) ( 1 ) ] 

2 64 • 601 (a) ( 1) I 

The chemical anC. phys:cal ~haracc:erist:ics of mater:als typically 
burned in the C3 area a=e ?resen~ed i~ Sec::on c of ~i:s perm:t 
application. ':'he max:mu.;n ·,.,eigh: of material burneC. at any one 
time in the burn:ng ?an is based on the net ex?losive wei~ht of 
the materia~ being ju=ned. ~he ne: ex?los~ve weigh~ limitat~ons 
for open burn:ng are s2c :or:n :~Section 3-3. 

D-8c Burn Effectiveness 

The initial evaluacion o~ jur~:ng ~=~ect:veness· lS based en 
visual inspection. successf'.12. burninq of prope~lant :..s 
demonstrated by destruct:on of ~ie ~hvs:cal ~orm of t~e 
propellant from a granule or plug to a fine~ash. If the physical 
form of propellant has not been c!'lanoed, the burn would ::>e 
considered to be ineffective an~ the ~aierial would be reburned 
in the next burn. After i;: is deter:nined t~at t.:-ie burn :s 
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ash will be collected and placed into a 

.c 



.. 
• 

., 

SECTION E-3 

AIR PATHWAY 



Date: 07/26/92 

E-3 AIR PATHWAY 

An air pathway analysis was conducted for open burning (OB) 
oper~tions a~ the United States Military Academy (USMA) located 
i n West Point, New York. The USMA is situated on ~he west bank 
of the nudson River, approximately 50 miles north of New York 
City and 14 miles south of the town of Newburgh as shown in 
Figure 3-3-1. Information regardin~ the OB a:r emissions and the 
components oi the air pa~hway analysis are described in tjis 
se~~ion. The information is partitioned :~to two (2) princ:pal 
s ubject areas. These areas are: 

Env:ronmental Setting 
OB Emissions 

Zach of tiese areas contain in:ormat:on adtress1ng the existing 
environment at =he USMA, the criter:a used to develop the 
environmental per:or~ance standards, and an assessme~t oi the air 
emissions and their impacts relative to establishing 
environmental performance standards for the USMA site. 

E-3-1 ENVIRONMENTAL SETTING 

E-3-1.1 Facility Description 

The USMA installation consists of approximately 15,974 acres, 
wt1ch includes the Main Post or campus area and t~e Military 
Reservat:on wh:c~ is a larqely undeve~oped area consisting of 
f:r1~g ranges ana c:vouac areas. Approxi~ately 12,500 acres (78 
percen~) of :~e USMA is :ocated in :he Town of gighlands. The 
remainder of t2e uSMA property :s 1n ~he rown of Woodbury 
(approximately 2,300 acres ) , ~~e ~own of Cornwall (approximately 
400 acres ) , and ~cro ss ~he Hudscn ~1ver i~ ?u~~um county on 
Constitut~on :siand ( 280 acres ) . The OB uni: is located within 
the Military Reserva~~on ~or~~o~ oi ~~2 ins:allation at Range 2 
which is shown in ?: ~ure ~-3-2. 

The primary m~ss1on o~ the USMA is :he ~ducation and training of 
undergraduate cadets :or careers as o:f 1cers ~n the United states 
Army. Military training activ1t1es that are a ?art of the USHA 
education program include range activ1t1es which involve firing 
of various artillery. National Guard units are also trained in 
artillery at the USHA. As par: of these training sessions, 
excess propellant powder is re~oved irom t~e :as-mm shells. The 
excess propellant powder is t hermall y treated by OB in the Range 
2 burn 
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area which is equipped with a burn pan. Excess propellant from 
mortar rounds fired at Range 6 is a~so transported to the Range 2 
burn area ~or thermal treatment. 

E-3-1.2 Topography 

The USMA is located in the geologic formation known as the Hudson 
Sighlands section of the New England physiograph:c province. 
These hills extend in a southwest to ~ortheast direction and 
comprise about 14 miles of the river front between Cornwal l and 
Stony ?oint , New York. 

The t opogra?hY a: the Military Reservation :s extreme:y 
irregu~ar. The Hudson River has formed a gorqe one-quarter to 
one-hal: ~ile wide through the Hudson Highlands. ~he land rises 
s narply from an elevation of 200 feet on the occupied area of the 
Main Post to an elevation of 1,420 feet within the Military 
~eservat:on at Bull Hi~l. Approximately one-tjird oi the total 
area of the ~i:itary Reservation consists oi slopes oi 20 9ercent 
grade or steeper. Extens:ve forests, predominantly deciduous 
trees and shrubs, cover much of the rugged terrain. smal~ 

swamps, marshes, and fresh water ponds and lakes are also locate~ 
o n t~e Miltary Reservation. 

The OB bur~ area is located within a narrow valley that runs 
northeast-southwest through the OB site. Terrain rises to the 
east, sout h and north oi the site. 

E-3-1.3 Land Use Classification 

The USMA is l ocated in an area characterized by rugged 
topography, w:th predominantly residential, agr:cultural and 
recreational :and uses. Contiq~ous -co :he sou-cher~ boundary o 
USMA is the .::xtens i ve ? a.:.. :sades .Int2rs-ca;:e ?ar;<.; -::o the north s 
the Storm King State ?ark; ~~e Hudson R~ver :lows along ~~e 
eas-cern boundary ; an~ to :~e east cf Cons~~~ution !s~and a cross 
the Hudson ~iver is a 269 acre ?arcel ~arsh:and owned b y ~he 
Taconic State ?ar~ comrniss!on and atministered by ~he Sational 
Audubon Society. · 

The towns of Woodbury, New Windsor, Newburgh, Cornwall, and 
Highlands, are located on T. he west side of ~he Hudson ~iver, near 
the USMA. The combined -:JOPulation of t l1ese towns in 2.980 ·!'las 
102,500 or 38 percent of- t~e total ?opulation 0: Orange County. 
Light industries exist in these population centers, jut, 
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reportedly, no heavy industry occurs in the vicinity of the USMA 
installations in Orange county. 
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E-3-1.4 Meteorology/Climatology 

The climaLe of the USMA is pri~arily conti~en~al in character, 
but is subject to influence by the nearby AtlanLic Ocean which 
lies approximaLely SO miles co tje east and sout~. T~e 
moderating effect on temperatures is more pronounced during the 
warmer months t~an in the w:nter when outbursts of cold air sweep 
down from Canada. In the warmer seasons, temperatures rise 
rapidly in the dayti~e. However, temperatures a_so :all rapidly 
after sunset so thaL the nights are relatively cool. 
occasionally there are extended per:cds of oppressive heat up to 
a week or more i~ duration. 

Winters are usual:y colt and some:imes fair~y 3ev~=~· Maximum 
temperatures ~uring the colder winters are cften jelow freezing 
and nighttime lcw ~emperatures are frequently below 15 degrees. 
sub-zero temperatures occur about 3 times a year. snowfa~l can 
be quiLe variable ~~roughout the area and snow :lur=:es are quite 
frequent durinq the w:~ter montjs. P=ecipitat:on is evenly 
dist=ibuted tir~ughtcut the year and is 3u£:icient to serve t~e 
needs of the area for most years and only ocsasionally do periods 
of drought exist. Most of sje rainfall in t~e summer is f=om 
thunderstorms while larqe exLratropical storms provide 
precipitation in t~e :al~ and winter months . 

. 
The USHA does not ~a:ntai~ an ons:te meteorological monitoring 
station for the ?Ur/ose o: ~ecording local meLeoro2.ogical 
conditions. The Cfosest ~epcrt~ng surface weatier observation 
station is at L~e Stewar~ A:r~ield in Newburgh, New York, whicj 
is located about 12 ~-les ~orthwest of the OB treaLment site. 
This site has been chosen to =epresent tje c2.:rnatological 
variations of wind speec, w:~d direction and temperature that 
exist at the USMA installat:on. c:~matological data :or the 27-
year period 194Z t~.rough 2.96'? .3.re discussed below. 

Temperatures for ~te ~rea ~an be ~haracteri=ed as ~eing moderate 
with the warmest monLh be:ng =u:7. WinLers are reasonably cold 
with the coldest ~emperat~r9s occurring in tte monLh of Januar7. 
Persistent northwesterly f2.ow :n the winter ca::1 pro"C.uce periods 
of severe cold. During the c:imatological ~eriod of record t~e 
lowest temperature reported :or the area was -20 degrees : in 
1967. The warmest Lemperature recorded was :02 degrees F, which 
occurred in 1953. A summary of the mean monthly and annual 
temperatures are provided in Table ~-3-1. 
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Date: 

TABLE E-3-l. 

SUMMARY TABLE FOR MEAN 
MONTHLY AND ANNUAL TEMPERATURE FOR THE 

UNITED STATES MILITARY ACADEMY, 
WEST POINT, NEW YORK 

Month Temperature (OF) 

January 26.1 

February 27.7 

March 36.4 

April 48.2 

May 58.5 

June 68.2 

July 72.8 

August 70.7 

September 63.5 

October 53.3 

November 41. 7 

December 29.4 

Annual Mean 49.9 

07/26/92 

Based on observations for the period 1942-1969 at Stewart Airfield, 
Newburgh, New York. 

E-3-6 
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Normal annual liquid precipitation for the area is approximately 
45 inches and :s well distributed t~roughout ~he year. The mean 
annual Class A pan evaporation for the area is about 40 inches 
per year. Approximately 75% of the annual pan evaporation takes 
place during the period May through October. 

rl s~mmary of the annual wind frequency distribution for the 1942 
througnt 1969 period of record is given in ~able ~-3- 2 . The 
informatlon is given for 16 directlonal sec~ors plus the calm 
ca:eqory. The prevailing annual wind direction for :he area is 
~ram :he west w::~ secondary prevailing dlrec~ion 8f west
sou thwest. The annua: average wind speed for ~h2 ~rea :s 7.8 
miles ?er :~ou:.-. 

E-3-1.5 Existing Air Qualitv 

:nfor~a:: on was obtained from t~e New York State ~epartment of 
~nv:~~ nmencal Conservation (NYSDEC ) in an at~emp~ :o c~aracterize 
:~e ~1r ~ual:ty i~ the vicinity of ~he USMA ~ns:allation. The 
USMA :s ~ocated in orange ccunt7, New York. Unfortunately, the 
NYSDEC does not operate an extenslve air quality monitori~g 
network irr orange Coun~y in order to determ:ne :he attainment 
ssa~us for all pollutants reg~lated by t~e National Ambient Air 
Qualit·1 Standards (NAAQS ) . In 1990. the NYSDEC only operated a 
total of 3 arnb:ent monitoring stations with:rr a 20 mile radius of 
she US ~9. O 3 s :.. ~ e . 

The s~a~e a: New Yor~ has adop-ced :je ?ederal ambient a!r quality 
sta~dards ~ o r su!~ur d:c~ide. carbon dioxide , n~~rogen dioxide, 
lead and ?MlO l:nhalable 9ar:::culate). The state has deve_oped 
its own ~m~:en~ a:.= qua!!ty standards for photochemical oxidants, 
total suspended ?ar::ic~:ates. and varlous o~her pollutants. The 
onl y ?Ollutants ~onitored witjin a 20 mile radius of the USMA OB 
site :n 1990 we~~ sul:~r dioxide, lead, ?MIO and TS?. 

As o~ :990 , :je ~YSDEC operated onl y one ( 1 ) monitoring s~at!on 
in Orange ccun::·1 ·..;hic'.1 was located in WallkiL: .. (Mid.dletown), 
approxirna~el y ~? ~iles west-nor~hwes: of the USMA OB site. This 
site measu:;:-ed ambient concentrations o:f total suspended 
particulate ( TS?) and l ead. In 1990, this site reported no 
violations of tje ~ederal and state ai= quality s~andards for 
both pollutants. Quarterly concentrations of lead reached a 
maximum concentration of ~.48 ug/m~. which is sl:ghtly below the 
Federal and state standard of 1.3 ug / m= . This site also 
collected 24-hour concentrations of ~SP in 1990 :or compar:..son to 
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the state's 24-hour and annual standards of 250 ug/m 3 and 55 
ug/m 3 , respectively. The maximum 24-hour average concentration 
in 1990 was 99 ug/m 3

, while the annua l average was reported at 37 
ug/m 3

• 
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TABLE E-3-2 

SUMMARY TABLE OF WIND 
FREQUENCY DISTRIBUTION FOR THE 

UNITED STATES MILITARY ACADEMY, 
WEST POINT, NEW YORK 

Wind Percent 

Date: 

Sector Frequency (%) 

N 3.4 

NNE 3.4 

NE 5.1 

ENE 3.8 

E 3.6 

ESE 2.4 

SE 2.6 

SSE 2.9 

s 3.4 

SSW 3.9 

SW 9.0 

WSW 11. 2 

w 11. 5 

WNW 8.4 

NW 5.8 

NNW 3.0 

CALMS 16.6 

07/26/92 

'-,, Annual Average Wind Speed: 7. 8 mph 
..> !" 

"',..... ·-
Based on 238,655 observations for the period 1942-1969 at Stewart 
Airfield, Newburgh, New York. 

E-3-8 
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Ambient concentrations of sulfur dioxide were collected at Bear 
Mountain state Park, which is located south-southeast of the USMA 
OB site in Rocklan~ County. In 1990, 3-hour, 24-hour and annual 
concentrations of sulfur dioxide were well below the Federal and 
state air quality standards. The maximum 3-hour sulfur dioxide 
concentration was 376 uq/m 3

, which is 29% of the Federal standard 
and 58% of the New York standard. ~he maximum 24-hour sulfur 
dioxide concentration was llS uq/mJ, which is 32% of the Federal 
standard and 44% of c~e New York standard. The annual average 
sulfur dioxide concen~ration in !990 was 27 ug/m 3

, which is 34% 
of both the Federal and State of New York s~andards. 

T~e closest monitoring s~~e to ~~e USMA OB s~te :hac 
colleccs ambient ?Ml0 concentrat~on da~a is located in 
Mt. N1nharn which ls located 16 miles :o :he east
nor~heast ~n Putnam Councy. The maximum 24-hour 
concencration reported in :990 Nas 29 ug/mJ, whic~ is 
19% of the ~50 ug/m~ Federal and state s~andard. The 
1990 annual average concen~ration was 14 ug/mJ, which 
is only 28% of the ~ederal and state standard. 

E-3-1.6 Local Emissions Data 

Air emissions f~om the USMA OB operations wi:l include various 
products of complete and incomplete combustion. Some of these 
same OB emission contaminants may be emitted by other sources in 
t~e local area. 

In order to assess ::1e potential contribution from other sources 
wit~1n the lccal area. ~mission :nventory data was req~ested from 
t~e NYSDEC :or 3:1 sources :ocated within two (2) m~les of the 
USMA OB site. Smissions data for other sources of criteria and 
volatile organic com~ounds wit~~n two miles of ~he USMA OB site 
as of June, 1992 are shown in Table E-3-3. 

Table E-3-3 i~cludes emiss~on ~a~a in lbs/y~ £or sources 0£ ~he 
criteria pollutants so~, ~o,c, co. ~articulate matter, and 
volatile organic compounds. ~2e only other sources inventor~ed 
by the NYSDEC within a 2 ~11~ racius of the OB site. are located 
at the USMA. These sources include build up boilers, a ?acka~e 
boiler, paint spray boot~s, a sand blasting unit, tumble dryers 
and a sterilization unit. 

A majority of the emissions :rem these sou=ces are for ~he 
volatile organic group whic~ totals 134,lOS.l lbs/yea=. All of 
these 

.. 



volatile organic emissions are 
booths and the tumble dryers. 
volatile organic compounds for 
The second highest quantity of 
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associated wi~h the paint spray 
Indentif ication of the specific 
these sources was not available. 
emissions for this group is 
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Source 
Description/Facility Loco ti on/C~ty 

Build Up Boller/USHA Ucst Point/Orange 

Build Up Boiler/USHA Uest Point/Orange 

Package Boller/USHA Uest Point/Orange 

Build Up Boller/USHA Uest Point/Orange 

Build Up Boiler/USHA Uest Point/Orange 

B'ui ld Up Boiler/USHA Uest Point/Orange 

Paint Spray Booth/USHA Uest Point/Orange 

Paint Spray Booth/USHA Uest Point/Orange 

Sand Blasting Unit/USHA Uest Point/Orange 

Turble Dryer/USHA Uest Point/Orange 

Turble Dryer/USHA Uest Point/Orange 

Paint Spray Booth/USHA Uest Point/Orange 

Sterilization Unit/USHA Uest Point/Orange 

Paint Spray Booth/USHA Uest Point/Orange 

TOTAL 

TABLE E-3-3 

suttAAY OF EHISSION SWRCES 
UITHIN TUO HILES OF THE 

UMITED STATES HILITARY ACADEHY, 
UEST POINT, NEU YCJ!K 

Pollutont e.isslons (lbs/year) 

Particulate Sul fur Nitrogen Carbon 
Hotter Dioxide Oxide Honoxide 

1.3 1.2 8 1.2 

1.3 1.2 6.4 6.4 

7.5 6.8 5. 1 3. 1 

3.4 3.1 1.9 3.8 

241 28.97 326.34 

- 241 28.97 326.34 

80.23 

80.23 

1.04 

13.3 

670.3 70.24 674.08 14.5 

•other category for the Sterilization Unit Includes 40 lb/yr of ethylene oxide end 296 lb/yr of Freon 12 . 

f:~· · , ... :., · .. ; 

Date: 

Volatile 
Organics 

19236.8 

19236.8 

70073.64 

23357.83 

490 

1710 

134105. 1 

07/26/92 

Other 

336• 

336* 

I 

' 
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associated with particulate matter and nitrogen oxide. Annual 
emission levels for these pollutants are about 670 and 674 
lbs/year , respectively, and are associated primarily with the 
operation of boilers at USMA. 

E-3-2 Potential OB Air Emissions 

The air pathway assessment conducted in this permit application 
considered the air emissions relative to the OB treatment 
processes. The air emissions from OB treat:nent ?recesses include 
~roducts of combustion, products of incomplete combustion, 
energetics, metals and inorganics. These sources of air 
em:ssicns are discussed in further detail wittin sec:ion ~-3-
3.:. l. 

E-3-2.1 Products of Combustion and Incomplete Combustion 

Energetic compounds are composed principally of carbon, hydrogen. 
n:t=ogen and oxygen. The primary air emissions :rom OB ~=eatment 

operat:ons ~re ?roducts of combustion, whicj tY?ically include 
t~e fol2.owi:ig: 

carbon monoxide 
carbon dio:c.de 
nitrogen and nitrogen oxides 
water 
sul:u= dioxide 
:nethane 
ammonia 

Secondary air emissions :~c!ude various products o: incomplete 
combustion (which can include energetic materials, organics and 
trace metals). A list of t~e potential OB produc~s of combustion 
and incompl~~e combust:on :or propel.ants treated at the USMA OB 
site is given in Table E-3-7. This list represents a com~ilaticn 
of ?O~en~ial em:ssion const:~uents (based on u.S . Army studies ) 
cons:der:ng :~e w:ce =ange o: ordnance, raunitions and propellants 
which are treated by the ~il:tary services and the propellants to 
be :r-eated at -:!:e USM.A 03 site. ::::t is important 1:0· note -::;1at ~01: 
all of these comnust!on produc~s will be emitted from every OB 
treatment. The emiss1on products will be a function of the 
actual propellants treated which are descr~bed in more detail 
below. 

A primary list of all propellants which are subject to OB 
treatment at the USMA are ~isted :~Table c-3-8. ~he list shows 
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9 propellants, the chemical or energe~ic constituent of each 
propellant! and the approximate weight percent composition of 
each constituen~. This ai~ pathway analysis used the POLU-11 
combustion products model to calculate the emission products for 
the USMA OB ~ropellan~s given in Table E-3-8. 



Item 
lllalber 

1 

2 

3 

4 

5 

6 

7 

8 

9 

TABLE E-3-8 

ENERGETIC ITEMS TO BE TREATED BY 
CJ>EN lltJUIING AT THE 

UNITED STATES MILITARY ACADEMY, 
\oeST POINT, NE\/ YCJU: 

Item Energetic (;{)nstituent 

M720-HE 60 nm Mortar Ni trocel Lu lose 
propellant charge Diphenylamine 

Potassiun Sulfate 
Graphite 

M83 Illun 60 nm Mortar Nitrocellulose 
propellant charge Nitroglycerin 

Potassiun Nitrate 
Ethyl Centralite 
Diethylphthalate 

M49A4 HE 60 nm Mortar Nitrocellulose 
propel Lant charge Nitroglycerin 

Potassiun Nitrate 
Ethyl Centralite 
Diethylphthalate 

M50A3 TP 60 nm Mortar Nitrocellulose 
propellant charge Nitroglycerin 

Potassiun Nitrate 
Ethyl Centralite 
Diethylphthalate 

H362 HE 81 nm Mortar Nitrocellulose 
propel Lant charge Nitroglycerin 

Potassiun Nitrate 
Graphite 
Bariun Nitrate 
Ethyl Centralite 

H374A3 HE 81 nm Mortar Nitrocellulose 
propellant charge Diphenylamine 

Potassiun Sulfate 
Graphite 

M444 HE 105 nm Mortar Ni trocel Lu lose 
propellant charge Dinitrotoluene 

Oiphenylamine 
Oibutylphthalate 

H548 HE 105 nm Howitzer Nitrocellulose 
propellant charge Nitroglycerin 

Nitroguanidine 
Ethyl Centralite 
·cryol ite 

Cartridge CTG 105 nm HE Nitrocellulose 
M1 propel Lant charge Dinitrotoluene 

Diphenylamine 
Dibutylphthalate 

E-3-23 
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~ight (%) 

97.9 
1 
1 

0. 1 

52.2 
43.0 
1.3 
0.6 
3.0 

52.2 
43.0 
1.3 
0.6 
3.0 

52.2 
43.0 
1.3 
0.6 
3.0 

82.0 
15.0 
0.8 
0.3 
1.4 
0.6 

97.9 
1.0 
1.0 
0. 1 

84.16 
9.90 
D.99 
4.95 

27. 5 
23.9 
46 .8 
0.3 
1.5 

85.0 
10.5 
1.0 
4.0 
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E-3-2.2 combustion Products Model 

The POLU-11 model was developed by the u. s. Navy to estimate air 
emissions from OB operations where energetic materials are 
treated (Baroody and Tom:nack, 1987). The model also has the 
capability of estimating air emissions fo~ open detonation 
treatment. The POLU-!l model includes a file of heat capacity 
coefficients and enthalpy/entropy constants for numerous 
potential combustion ?roducts. currently, ~here are over :,400 
chemical species in the file. 

The POLU-11 model is designed to operate w1th up to n:ne (9) 
chemical constituents. plus ai=, ~er run. The model chooses the 
compounds to consider :n the combustion calcula::ons jased on the 
elemental composition of the energetic material bu:-~ed. :£ the 
energetic ~aterial jurned contains the elements carbon. hydrogen, 
oxygen or nitrogen. the ?rogr~m considers the elements possible 
combustion :_JroC.uct:s. The total number of combustion p:-oducts and 
products o~ incomplete combustion considered :o= each calculat:on 
is list~d in t2e out?Ut data. This combustior. ?reduct: li~rary 
contains most of the species formed from energetic materials ~hat 
are used by :~e Army. 

3ecause the exact ~ater1al / a1r =atio where complete oxida::on 
occurs is not known for a given energetic material, :he ?OLU-11 
proq=am predicts produc~s oi combustion at var1ous material-to
air ratios ~nd displays these resul~s in the output. Evaluation 
of these o~t?U~ da:a =eveal the trend in composition of the 
combustion p=oduc:s as :he mater1al-to-air ratios vary. For most 
enerqet:c mater1al3, c0mple:2 ox:dat:on occu=s at GO :o 70% air 
intake ( 1.e. , material-to-a~~ ratios of ~ 0 :60 and 30: 70). ~tl s 

conclusion was reac~ed based on a prelim1nar7 onsite evaluation 
of the PO!..t.i-:: ::_J:::-oqram =.t the D1.igway ?roving Grounds, i!1 Utah, on 
May 22, 1986. Th~s c ornnustion ?roduct evaluation was ~ased on 
burn1ng waste Navy e~plosives in 5,000- and 2,500-lj sect:ons. A 
helicopter, ?assi~q t~:::-ou~h ~he gaseous c:ouds :ormed £rom t~ese 
burns, sampled :wo maJor :ndicator gases, car~on monoxide and 
hydrogen chlor:de. Tte measured carjon monox~de conce~tration 
fell between the ?OLu-~l Predicted values for the 40:60 and 30:70 
material a1r ratlos. ?or- the ?Ur?ose o: :~is analysis, it has 
been assumed that ~he ?OLU-ll model out~ut contained i~ :he 40:60 
and 30:70 material-to-air ratios is mos~ representative of the OB 
treatment processes. 
Additional technical information on the ?OLU-:: model is 

presented in Appendix ~-3-A. 
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POLU-11 OB Modeling 

when used for OB predictions, the ?OLU-11 model calculates 
emissions based on the energetic material first being mi:{ed with 
air and then burned to form atmospheric pollutants. The 
necessary thermodynamic dat:a for the various energetic 
ingredients and air; weight ratios of material/air; and two 
pressure values (:,ooo and 14.7 psia ) , are read into the program 
as input dat:a. The flame temperature ; combustion products , moles 
of gas, entropy and ot:her pertinent ~at:a are calc~lat:ed for t:he 
material/air mixtures under a pressure of 1,000 psia. The 
volumes of the combustion products are then expanded t:o 14.7 
ps:a, whic~ causes t~e temperature o: the combustion products t:o 
d!:op. .;;c this :.ower tempera cure, referred :o as the ''frozen 
temperature" of the gas, the proC.ucts may have a di::Eer-ent 
composition than at: 1,000 psia. The program goes through a 
similar routine to recalculate t:he combustion products, flame 
temperature, and oi:::ier variables t:hat were c:i.anged because of the 
expansion. T~e products calc~lated at 14.7 ?Sia are then 
reported as t:he pol~~cants in the output: data. 

Even though the calculations are conducted 3t: 1,000 and 14.7 
psia, the energetic material does not nave to be thermally 
treated at: ~hese conditions in order to predict: the pollutants. 
The calculat:ons are per~ormed at these conditions based on the 
following assu~ptions: 

T~ese ?ressures simulate the d=op in temper:ture as the 
~ases ~oo l to 3mb1ent: condit:ons. 

':'he combustion yroduc..:s " f:-ee:::e" in composit:ion before they 
reacj ambient temperature. 

The combust:on ?roduct:s of energetic mat:erials formed during 
combust:0n c alor:mecer testinq are i~ ~ood agreement with 
the ~ro~uct:s ?=e~ict:ed by POLU-11. 

The heats o~ exp!os1on calcu:ated from the program closely 
approximate tte ac..:ual val~es de=a=~i~ed !=om the 
calorimet:=ic daca. 

The POLU-11 modeling output 
Appendix E-3-B. summaries o 
combustion data at 14.7 os1a 
Specific combustion prod~c..:s 

or OB treatment is provided in 
emission factor result:s and other 

precede ~he POLU-11 output data. 
having health ctiteria identified in 
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Tabl e s E-3-4 to E-3-6 were used to establish the performance 
standards for the USMA. 
other POLU-11 model output, such as the OB ''frozen temperature" 

a t 14.7 psia, was used to represent the gas temperature of the OB 
plume in the air quality dispersion modeling analysis. The POLU-
11 emission factor output data were used in conjunction with the 
air q uality modeling dispersion factors and health criteria to 
establish treatment limits for various pollutants and energetic 
compounds. 

A compilation of the worst case ?OLU-11 emission factors for all 
pollutants are given in Table E-3-9. ?or the OB process at USMA, 
all particulate matter emissions Nere assumed to iave diameters 
of 10 microns o r l ess. T~e emission factors =epresent the 
maximum values calc~lated for eit~er ~~e 40:60 or 30:70 material~ 
to-air ratios. ~lso shown in Table E-3-9 are emission fac~ors 
for various other ?Olluta~ts. 

To maim:ai:i the "t<.Tors:: case" cor..servative approac:i of this 
analysis , emission rates for metals were developed on the bas~s 
of a :nass balance assumption (i.e., "what c;oes in also comes 
out") :ram the weight (lbs) data contained in Table E-3-9 for 
each propellant containing metals. For the USMA, only propellant: 
number 5 contai:is the metal barium. Therefore, ::he emission 
factor for the metal barium given in Table E-3-9 represents a 
conservative ~valuation of the potential impact: from the USMA OB 
operation. Al l of the poll~tants given in Table E-3-9 have 
appl~cable ?ederal and state health criteria (identified in 
Tables Z-3-~ th=8uqh Z-3-6) and are combustion product:3 from ~he 
9 propellan~s ~odeled with ?OLU-11. 
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TABLE E-3-9 

SUMMARY OF MAXIMUM AIR EMISSION 
FACTORS (POUNDS OF CONTAMINANT/ 

POUND OF MATERIAL) 
UNITED STATES MILITARY ACADEMY, 

WEST POINT, NEW YORK 

Treatment 

OB 

Carbon Monoxide 0.24690 

Nitrogen Oxide 0.000002 

Sulfur Dioxide 0.003153 

Ozone 0.000002 

Lead 0.21250 

PMlO 0.011024 

Hydrocarbons 0.00001 

Fluorides 0.0072 

Hydrogen Sulfide 0.001124 

Barium 0.00736 

Nitroguanidine* 0.000047 

Dinitrotoluene* 0.000010 

*Assume a 99.99% destruction efficiency 
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Propellant 

7 

All 

1,6 

All 

All** 

8 

All 

8 

1,6 

5 

8 

9 

**Maximum of 3.4 ounces of lead per propellant charge 

E-3-27 
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E-4. GENERAL HYDROGEOLOGY INFORMATION [40 CFR 270.14(c)(2) 
and NYCRR 373-2.6] 

The information ?resen~ed below describing the installation 
sett:ng is from the Installation Assessment Study (ESE, 1984). 
This installation setting data was used in developing the 
proposed soi: and surf ace water monitorinq programs and will be 
used in evaluating the results o: the program. 

The USMA, Wes-:: .?oint is ::!.ocated :n orange County_. :-I.Y. on the 
west bank o: :he Hudson ~iver , approximately 45 miles nort~ of 
.Jew York Ci~? and 13 miles sou-::~ of Newburgh (Fi~ure ~-4-1). The 
~eservation consists of 15,9~4 acres. of ~hich 2,S20 acres are 
the ~ain ?os-:: or "campus ;::ion:ion" of the Academy a.nd conta2.n the 
~aJority o: c~e academic. res:dential, and support :ac1lit1es. 
The remainder of :he land area at USMA, known as the Military 
~eservation. ls largely u~developed and conta:ns :ra:~12q 
facilit:es, sucj as che firi~g ranges and bivouac areas use~ 
during the summer :o house and ~rain cadets. 

E-4.\ Physiography 

USMA, West Point is located in t~e Hudson Highlands sect:on of 
the New England physiograph:c province. The northeastern section 
of the installation is bounded by the Hudson River. This sec~~on 
contains the main cantonment area, which is situated on exposed 
bedrock and glacial alluvium. Huch of the installation cons:sts 
of erosion resistant granite and crystalline rocks, whic~ form 
steep slopes in the southern and western sections. Elevations on 
USMA range from almost sea level ( MSL) along the HuC.son RJ.. ve!.~ to 
over 1450 feet in the northwestern section of the i~stallation. 
Glaciers that once covered the area have deposited alluvium and 
till in the lowland areas and formed some relatively flat valley 
bottoms. Host building and development activities are rest~:c~e~ 
to these relatively flat-lying glacial valleys. 

The Open Burn (OB) site is situated approximately 3.miles 
southwest of the main campus and approximately 500 feet scutheas~ 
of state route 293 (Figure E-4-2). The OB area is ~pproximate~y 
160 x 140 feet and is located i~ a former quarry area. ~l~hland 
Brook is located approximately 300 feet to the ~orth o: the OB 
area (Figure E-4-2). 
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E-4.2 surf ace Waters 

USMA lies in the drainaqe basin ot tne Hudson River (Figure E-4-
3), which flows along the eastern boundary of the installation. 
The installation ~s drained by many small tributaries which 
discharge into the Hudson River. Shallow soil, glacial geology, 
and abundant rainfall produce a regionally nigh water table, 
resul~1ng in numerous swamps, lakes, and ponds. Most of the Main 
?ost area is built on a Pleistocene terrace oi the Hudson River 
an~ is not contained within the 100-year floodplain. The major 
surface water bodies are: ?opolopen Lake, Stillwell Lake, Long 
Pont. Lusx Reservoir, H:qhland Brook, Long ?and Broox, and Deep 
:follow 3:..-'Jok. 

E-4.3 G~oloqy 

USMA is s::uated on ~rystal l 1ne bedrock, which in some areas is 
overlain jy younqer g~ac1al al luvium ( F1gures ~-4-4 and E-4-5 ) 
C r7stall~~e bedrocK underl:es a:l of USHA and consists of 
?recambr1an-age ~ranite and gneiss. The granite is u sual:y 
medium grained, witi the ma3or components being quartz, :eldspar, 
and mica. Minor amounts o: coarse-grainec granites o~ 
?egmat1tes, may also ~e inc l uded in the bedrock. Gneiss is the 
less prevalent rock type, ',vi tj tie granite underlying the 
majority of the lnstallation. Small outcrops of the Pochunk 
diorite may also be found on USHA. 

several faults have been mapped on JSMA and are named as fol_ows: 
~ong ?one Fault and : l~e ~::-own Kidqe :aul:, whic~ are or:ented 
no:::-t:-ieast to southwes-c. 1) :::-:-:nted nor-:hwes-c to 
~ighland 3rook :aul: and :je ?opolopen Fault. 
was taken from ~il:tary Geology of West Point, 
6 ) . 

southeast are -che 
This i::formatJ..on 
1958 ( Figure ~-4-

averly~n~ -:he :gneous a::d m-:tamorphic bedrock is a th!n veneer 
o f ?leisto cen-:-age gl ac:a: ~eposits. These deposits can be 
3Ubdiv:ded ~nto uns-:rati=ied and s-cracified drift. The 
~ns-:ratif :ed dr~ft consJ..sts 0£ g:ac1al t~ll mater~al t~ac was 
depcs:ce~ ~irec::y ~ram glacial ~ce as it ?regressed or regr9sse~ 
across :~e ~rea. T~e c:l l consists of large boulcers an~ lesser 
amounts of c_ay , sand and gravel. The larger boulders in the 
c:ll were derived ma:nl7 from the more resistant granites and 
gneisses J..n ~he immediate area. In some areas, :he t:11 · may be 
cemented :o form a fairly hard aggregate i~ the subsurface. ~he 
s:rati:ied dr:=:: consists primar1:y of sane ar.d gravel t~at was 
depos~te~ :~ ~lac~ a l l a k es and 3treams. The s e deposits are :ound 
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in the larger river valleys such as the Hudson ~iver. The 
youngest unconsolidated sediment on USMA is Recent-age stream 
deposits, which are thin and consist of clay, silt and sand. 
These deposits are present along the Hudson River and in the 
smaller streams on the installation. 
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E-4.4 Soils 

The soils found on USMA are classified as the Hollis-Rock Ou'Ccrop 
Association and are characterized by sloping to moderately steep, 
well-drained, medium texture soils that overlie crystalline 
bedrock. Areas of soil development a=e limited to the valley 
areas and flat-lying upland areas. The Hollis soils are gravel 
loams, with varying amoun~s of fine sand loam and sand loam. 
P~rmeability l~ this soil is fairly high, w:th values ranging 
from 1. 2 -co 12 feet per day . F:c;ure S-4-7 .;hows t:hree typical 
soil pr0files from the Main ?ost ~rea. 

E-4.5 Hydrogeology 

Tc date, -cjere iave jeen ~c ~ajor hydrogeoloqy s=udies performed 
at the OB ~n~t, =hus the t:scussion presented here :s based on 
11m1t2d s:te-spec:fic and ~ore facil:ty-wid2 infor~ation. ~jis 

infcr~ation includes the ESE (2.984) and the A:SEA ( 1988) studies. 

Groundwater underlying ~SMA is found l~ 3n unconso!:~a=2d a~u1f 2r 
of alluvial deposit3 and a consolidated bedrock aquifer. ~he 

aquifer systems are connected and both have low well y:elds a~d 
limited extent and are, therefore, incapable of large ~un1c1pal 
supply. 

Unconsolidated Aquifer 

Stratified sand and gravel deposits a- 0 tie most ;ro~i::c sources 
of groundwater at the instal~aticr.. The depos~~s ar~ =313.'Clvely 
~h:n and are capable o~ dcmes~:c supply beca~se ot :a:rly sma~! 
well yields averagin~ 40 r,a:2.ons ?e= m1nu-ce (gpm : . Water ~2 the 
unconsolidated aquifer usua:ly occurs under wate~ :anle 
conditions. ~echarge -:o this ~qu::er ~s ~r:mar~:! because of 
local ?recip1tation, al~~ou~h some U?ward seepage from jedrock 
does occur ~n -che lowl~n~ ar3as. Glacial til: depos~:s ~xh:ji~ 
]Oor sor-cing and a high clay con-cent :~at =~sult3 :n low ~orosity 
and permeab:l::.-c·; , ~ak:i.1Cj :~1e :1ns-cratif :.ed :il2. a poc;:- 3.quifer 
system. ~el: y:~l~s are 2.cw , w1"Cn !n average o: , ~?m. 

Consol:C.a-ced rocks underlie all o: USMA and contain recoverable 
q~ant~t::.~s of wa=er in :he ~P?er wea~hered and :ractured 
portions. Wells open to the consolidat~d jedrock ~ave sut:icienc 
1ie:c. fer dcmest:c and o"Cl1er sma_l demands. Groundwater is found 
i~ the Jointed, :racc~red, 3.r.d weathered por=:on o: t~e becrock 
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Recharge occurs in the 
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sections by precipitation and discharges in the lowlands by 
springs and upward seepage. Permeability and groundwater 
movement in the consolidated bedrock is ex~remely slow because of 
limited joint and frac~ure systems. 

Aquifer summary 

In most cases, the unconsolidated aquirer recharges the local 
streams with some percolation into the consolidated aquifer. 
Groundwater may be vulnerable ~o con~arnina~ion in some areas 
because of the permeability of the soils and the shallow depth of 
the unconsolidated aquifer. However, because ~he majority oi ~he 
groundwater from ~he unconsolidated aquifer recharges the surf ace 
water, the first i~dication of contamination i~ the groundwater 
will more than li~ely be a decline in the sur:ace watter quality 
in the :mmedlate area of contaminatlon (AZHA, ~988). 

Existing Wells 

There are ~o wells, active or inac~ive w:thin close proxi~ity ~o 
the OB area. The majority of potable wa~er :or USMA is supplied 
by sur:ace water sources with trea~ment at tje water treatment 
plant. seventeen small diameter, shallow wells are used to 
supply potable water to outlying range, bivouac, and =ecreat1onal 
facilities. Table ~-4-1 gives information regarding ~hese wells. 
Well logs were not available at USMA. The wells most likely draw 
from the sand and gravel alluvium and possibly the top of 
weathered bedrock. Well depths range from 25 to 40 feet , with 
fai=ly low yielcs of between 3.4 and 5.8 gpm. 
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Area 

Stony Lonesome 

Round Pond 

Long Pond 

TABLE E-4-1 

USMA WELL INFORMATION 
UNITED STATES MILITARY ACADEMY 

WEST POINT, NEW YORK 

Building 
No. Type Source 

1265 Drilled Well 

1200 Drilled Well 

1235 Drilled Well 

1280 Drilled Well 

1354 Drilled Well 

1340 Drilled Well 

1330 Drilled Well 

1400 Drilled Well 

1404 Drilled Well 

1412 Drilled Well 

Date: 

Popolopen 1652 Hand Dug Well 

1656 Drilled Well 

1666 Drilled Well 

Morgan Farm 2010 Drilled Well 

2020 Drilled Well 

Constitution Island 1182 Drilled Well 

Popolopen Intake 1970 Drilled Well 

NA = Not available or unknown. 

Source: USAEHA, 1976 . 
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Capacity 
(gpm) 

NA 

4 

NA 

NA 

5 

NA 

NA 

4 

3.4 

NA 

5.8 

NA 

4 

5 

NA 

NA 

NA 
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SURFACE ENVIRONMENT 
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PROTECTION OF SURFACE WATERS, WETLANDS, AND SOIL 
SURFACES; [64.601{b), 270.23(b) and (c)] 

HYDROLOGIC CHARACTERISTICS OF THE UNIT AND 
SURROUNDING AREA 

The major surface water system potentially impacted by OB 
operations at the USMA is Lhe Highland Brook system, which 
originates just west of the military reservation's boundary. 
Its headwaters include -r:.wo ::.arqe impoundrnem:s - :Sog ?1eadow 
Pond and Jim's Pond - along with a small subsidiary pond -
Little Bog Meadow Pond - into which both large ponds drain. 
These features are shown on 2igur~ 2-6-l. ':'he capacit~es 
and catchment areas of these three bodies of water are given 
in Table .s - 6 - 1. 

Augmented by the flow from Cascade B::-ook (see Figure S-6-1 ) , 
Highland 3rook is the maJor source of :-aw wa~~r :or the 
production of potable water at :he Highland ;alls Water 
':'reatment ?lant, which serves the community of Hi~hlanc 
Falls, New York. Highland 3rook drains t3e network of 
ponds, flowing southward from the Little 3og ~eadow ?ond 
overflow :or about 320 meters (:,oso feet ) . :t t~en t~rns 
northeast~ard and passes between the OB area and NY State 
Route 293. After flowing another l,520 meters (5,040 feet j , 
the broo~ turns southeast and merges with cascade Brook. 
From -r:.hat merge point Highland Srook f l ows 1,220 meters 
(4 , 000 feet) to ~he Highland Falls Water Treatment Plant 
intake st::-uc::ure. ':'h e water p:ant wic::hdraws aDywhere ::-om 
300,000 :o l,200 , 000 gal l ons per day. avera~1ng 4 10,000 
gallons ?er day. Th e remaining f:ow of Eiqhland 3rook 
continues s outheast throu~h the Tcwn of H1qh iand Falls, 
entering ~je Hudson River af~er f:owing 2,4~C meters ( 8, 00 0 
feet ) be yond the water plan~ ' s :ntake. 

The OB pad and burn pans are approx~mate l y :oo meters (330 
feet ) from ~he nearest point on Highland Brook. However. 
several S?rin~s ~nd seeps ~~at ~??roac~ wit~in 30 ~eters 
( 100 feet ) ot the burn pad eventual l y disc~arge :nto 
Highland 3rook. As a result, ~ here :s a potential pat~way 
for OB-genera~ed contaminants to reach t he Highl~nd arook 
system and tte Highland =al_s Wat2r ~reatment P~ant. A 
limited amount of data currently exists on the amounts of 
metals, nitrates, or ch l or~des i~ ~ie s ur~ace streams w~ich 
tend to show no measurable impact from OB operations. There 
are no similar data on surface water concentrations of 
explosives or other energeti c materia l s, b ut the absence of 
any effec~s from nitra:es tends to indicate that such 
contaminants are not present either. 
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TABLE E-6-1 

UNITED STATES MILITARY ACADEMY - WEST POINT 
DIMENSIONS OF PONDS ON HIGHLAND BROOK SYSTEM 

Identity Nominal Capacity catchment Area 
(gallons) (square miles) 

Bog Meadow Pond 100,000,000 0.45 

Jim's Pond 20,000,000 0.14 

Little Bog Meadow Pond 5,000,000 0.71 

TOTAL 125,000,000 1.30 

Source: Water Supply Report, Town of Highland Falls, Hazen & 
Sawyer, August 1965. 
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EXISTING QUALITY OF SURFACE WATERS IN THE OB AREA 
AND DOWNSTREAM 

Two studies of surf ace water concentrations have been 
conducted. The USEPA's STORET data base contains data for 
four points of interest - the Highland Falls Water Treatment 
Plant intake and :hree Hudson aiver locations. The Hudson 
River samples were taken from the river at Highland Falls, 
in midstream under the Bear Mountain Bridge, and in 
midstream at Bear Mountain State Park. ~efer to Figure E-6-2 
for specific locat:ons. 

Table E-6-2 summarizes the STORET data, supplemented with a 
few data points from the December l984 Installation 
Assessment Re?ort Number 346. ~he sample point most likely 
to be affected by OB operations at USMA is the Highland 
Falls Water Treatment Plant intake. That sample point 
yielded average concentrations of nitrate-nitrogen, total 
Kjeldahl ni~rogen, chlorides, iron, and lead that were lower 
than the Hudson ~iver samples. Mercury concentrations were 
below detectable !evels at all points sampled, while 
~anganese concentrations were slightly higher in Highland 
Brook than in the Hudson River, probably due to natural 
causes. Manganese is not a constituent normally found in any 
of the mater:als treated at the OB burn pad. Note that the 
Highland Falls Water Treatment Plant intake samples are 
collected prior to treatment. All metals are treated to 
less tha~ detectable levels by the treatment plant 
operations. An interview with the treatment plant manager 
who has operated the pla~t for 24 years revealed t~at ~e has 
had no ~roblems using t~e quality of water in Highland Brook 
as h2s ?rimary source of raw water. The three ponds hold 
bac:<:. up to a year's supply of water, and the transf<::r to :he 
:ntake via ~ighland 3rook does not degrade the water quality 
to any measurable exten~. 

=igure ~-6-3 provides :ocations and Table E-6-3 shows USMA 
da~a on suriace ~a~er quali~y ~or four loca~ions: one point 
ups~ream of ~~e 03 s:~e ( the Little Bog Meadow Pond outlet); 
and three ?Ol~~s dcwns~=eam, including the ~ighland ?alls 
Water ~reacmen~ ?lant's i~take. As be£ore, most.contaminan~ 
concent=a~ions appear :o be unaffected during ~heir passage 
downstream towards Highland Falls. The ?H values are lowest 
at the reservoir outlet, then they improve with the addition 
of flows from cascade Brook. Nitrate-n:t=ogen appears . to 
increase sli~htly, partly due to increased biological 
activity as temperatures rise, but more likely impacted by 
Cascade Brook's higher nitrate concentrat:ons. Nitrate
nitrogen could be a potential contaminant =eleased from the 
OB site, but this survev seems to indicate that there is 
little or no effect on nitra~e concentration until Cascade 
Brook enters Highland Brook. 
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HARVARD BLACK ROCK FOREST 

SCALE 

BE.AVIE':/ 
POND/ 

TURKEY HILL 

o 2 MILES ---=====----
0 1 2 KILOMETERS 

SOURCES: U.S. Army TopO<JrOPhlc Command. 1971. 
ESE 198-4-
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&_ HIGHLAND FAUS WATER PLANT INTAKE 

J1. HUDSON RIVER AT HIGHLAND FAUS 

& HUDSON RIVER AT BEAR MOUNTAIN BRIDGE 

J1 HUDSON RIVER AT BEAR MOUNTAIN PARK 

FIGURE E-6-2 

IN STORET DATA BASE 
USMA. WEST POINT. NEW YORK 

-1~ HALLlBURTON NUS 
~~Environmental Corporation 
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contaminants 

Nitrate Nitrogen 
Tests 
Mean 
Range 

TKN, as N03 
Tests 
Mean 
Ranqe 

Chlorides 
Tests 
Mean 
Range 

Iron 
Tests 
Mean 
Range 

Manganese 
Tests 
Mean 
Range 

Lead 
Tests 
Mean 
Ranqe 

Mercury 
Test 
Mean 
Range 
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TABLE E-6-2 

UNITED STATES MILITARY ACADEMY - WEST POINT 
DOWNSTREAM SURFACE WATER QUALITY CHARACTERISTICS 

(all data given as mg/l) 

Highland Falls Hudson River Locations 
Water Plant 

Intake Highland Bear Mountain Bear Mountain 
Falls Bridqe Park 

4 0 8 16 
0.15 -- 0.95 0.66 

<0.05-0.21 -- 0. 46-1. 41 0.24-0.97 

1 2 0 18 
0.06 0.545 -- 0.355 
-- 0.53-0.56 -- 0.20-0.65 

3 0 22 66 
19.3 -- 760 257 

12-27 -- 130-10,000 5.6-1,800 

3 6 0 17 
0.26 / 2.0 -- 0.83 

0.25-0.27 0.8-5.0 -- 0. 09-1. 40 

3 6 0 35 
0.144 0.105 -- 0.046 

0.073-0.25 0.060-0.140 -- ND-0.170 

1 6 11 2 
<0.004 0.013 0.0056 0.0275 

-- 0.005-0.040 0.003-0.015 0.004-0.051 

' 
1 0 8 7 

<0.0005 -- 0.000075 <0.0005 
-- -- 0.00005-0.0002 <0.0005-0.0005 

Source: STORET Data Base, USEPA; Installation Assessment Report No. 346, Decembe~ 1984 . 

t~ TKN = Total Kjeldahl nitrogen 
~~-... ND = None detected (detection limit not specified) 
~; 
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TABLE E-6-3 

UNITED STATES MILITARY ACADEMY - WEST POINT 
(all data except pH and temperature as mq/l) 

. \ 

Date: 

Location 00 pH (S.U.) Nitrates TSS 8005 TDS Temperature c•c) 
as N 

1. Highland Brook at 12 . 9 6 . 0 <0.05 
Little Bog Meadow 12 . 7 6.0 <0.05 
Pood Outlet 11.8 5.8 0. 08 

2. Cascade Brook 13.3 7.7 --
just above 13 . 1 7.7 <0 . 05 
confluence with 12 .8 6. 6 0. 16 
Highland Brook 10 . 4 6. 2 0.25 

3. Highland Brook 12.5 7. 9 --
below confluence 
with Cascade Brook 

4. Highland Brook at 13. 7 7.0 <0.05 
Highland Falls 13.3 6.6 0.21 
Ueter Plant Intake 12. 1 4.3 0.13 

Source: Ins tell et I on Assessment Report No. 346, Deceat>er 1984 

DO : Dissolved Oxygen 
TSS • Total Suspended Solids 
BODS: Five-day Biochemical Oxygen Demand 
JDS• Total Dissolved Solids 

2 1. 1 44 2.0 
10 2.6 36 2.5 
5 1. 1 30 9.5 

4 <5 .o -- 3.0 
46 2.5 74 0.0 
24 2.3 28 1.0 
6 <1.0 72 11.3 

<2 <5.0 -. 5.5 

93 <1.0 78 0. 5 
14 1.9 54 2.0 
2 <1.0 74 - 9.2 
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Date of Sampling 

12/20/79 
3/4/80 
4/8/80 

10/78 
12/19/79 
3/4/80 
4/8/80 

10/78 

12/20/79 
3/4/80 
4/8/80 

NOTE: All SBl!llles were also analyzed for Nitrites es N end total phosphorus; All results were reported es below the detection lX'lits es 0.01 mg/l for 
nitrates end 0.1 ~/l for total phosphorus. 
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• In any case, nitrate-nitrogen appears at the Highland Falls 
water Treatment Plant intake at about 2% of the 10 mg/l 
concentration normally used as a reference standard for that 
contaminant . 
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SECTION I 

CLOSURE PLAN 
I-1 CLOSURE PLAN [40 CFR 264.112(a) AND 270.14(b)(l3); NYCRR 

373-2.7 AND 373-l.S(a)(2)(xiii)] 

This closure Plan has been prepared in accordance with che 
requirernencs of 40 CFR ?art 264 Subparts G and X and NYCRR 373-
2. 7. The Closure ?lan is incor?orated inco the ?arc 3 per~i~ 
application in accordance wich c~e requirements of 40 C?R 
270.14(b) (13) and 270.23 and NYCRR 373-l.S(a)(2) (xiii). 

Open Deconat~on Facilicy 

The Open Detonation (OD) fac:l:ty consisted of a series of pies 
locaced wichin the impac~ area of the USMA training range. These 
pits were used for treatment by open deconation of various 
explosive items such as artillery and morcar rounds. 

The location of the CD treatment facility within che impac~ area 
makes clean closure of the open detonation area impractical. Any 
contaminants resul:ing :rom OD :rea~ments would be 
indistinguishable :rom those contaminants resultinq from the 
rounds exploding i~ ~he resc of che impact area. During periods 
of training, :he OD area also receives impacts of training 
rounds. The OD area will continue co serve as part of the impact 
area. Thus, if clean closure was con~ucted, the OD area would 
immediately be recontaminated as a result o: training ~cti'lities. 

Furthermore, no praccical pur?ose could be served by clean 
closure. The OD ar~a :s only a 3mal: por~ion o: ~he impac~ area 
and could not be used :or any other purposes, even i: clean 
closure was conducted. As long as the USMA conduc~s craininq 
activities, the OD area will be used as an impact area. 

The location of the OD area within the impact area ~lso presen~s 
practical problems for normal post-closure ~ct1vit1es. If a RC?.A 
cap were to be installed over t~e OD area, its integr~ty would be 

~~ destroyed as soon as an art~llery round impacted in ~he OD area. 
--:;-:~~ Similarly, ~he integrity of any monicoring wells would ~e 
,a~ destroyed by explosions oi rounds impacting nearby. It would be •¥ 
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impractical to devise any closure strategy for the OD unit 
independent of any act i ViLies for the impact zone which would 
take place if USHA were to be closed and the impact area no 
longer used. 

Because of the impracticality of conducting normal closure 
activities , us~. intends only ~o conduct a par~ial closure 
activity at t his time. This par~ial closur: will consist of 
detonation of any unexploded ordnance ident~£ied ~t the OD unit. 
This acLivity will be conducted as part of ~ o rmal 9ost training 
range clearance activities. AfLer clearance o f any unexploded 
o r~~ance ~he CD unit wi ll c ontinue t o be used 3S par~ o f t~a 
impact area . 
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APPENDIX E-3-A 

POLU-11 COMBUSTION PRODUCTS MODEL 
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ABSTRACT 

!here is a growing need to predict the pollution products at open burn 
sites. Under the .sponsorship of the Ordnance Environmental Support O!!ice, 
Naval Ordnance Station, Indian Head, & 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 vritten for this purpose. 

!he computer model va.s challenged using production vastes. !he actual 
data closely !olloved the predicted data proving the validitY of the 
predictive model. 
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BA~omm 

Under the sponsorship of the Ordnance tnvironmental Support Of!ice at 
the Naval Ordnance Station, Indian Head, Maryland, & computer program has bee 
developed to predict the pollution products caused by the open burnin& or ope 
detonation (OB/OD) of ~losives and like materials. Sine• the program is a 
modification of the Propellant Evaluation Procram (PEP), vritten at the Naval 
Weapons Center, Chin& L&ltel, a brief history of the PEP pro,ram is discussed 
belov. The PEP pro1raza vu desiined and written by the collaboration of :na.ny 
contributors. Work on the program started in l9Sl at NWC and continued until 
1968. 

Combustion products are calculated from high temperatu·re chemical 
equilibria. To accomplish this, a large set of nonlinear algebraic equations 
must be simultaneously solved and computer codes must be general enough to 
handle any particula:- system. There have been three historic approaches to 
the problem. 

One approach, presented by White et al2, is the free-energy criterion 
for -chemical equiiibrium. This procedure is the method o! steepest descent, 
vhich is a general method for the numerical solution of nanlinear algebraic 
equations. 

The second approach by Brinkley3 uses equilibrium coll3tants. For ·thi3 
approach, a basis of subset molecular species is chosen that has as many . 
species aa there are chemical elements. Fro: this basis all other species ·&r 
f or:ned by chemical reaction. A set of equations then establishes the 
equilibrium relationship of each nonbasis species to the basis. Another set 
of eqU&tions establishes the gram-atom amount of each chemical clement. Both 
sets of equations are solved simulta.n1ously by the Nevton-Raphson method, 
vhich is a general method !or the numerical solution o! nonlinear algebraic 
equations. Hu!! et ~14 and Brovne3 later in:roduced the concept of optimized 
basis, in which the components are present in the greatest po~sible molar 
amounts. 

The reaction-adjustment method of V1llars6,7 is the third approach. In 
theory, the chemical system is divided into & number o! subsystems, each 
~elatin& & nonbasis . species to the basis. The subsystem with the greatest 
discrepancy in its equilibrium relationship is corrected stoichiometrically. 
In this vay the gram-atom amounts do not c:h&n&e. Villars' method does not 
require the inversion of lar&e matrices which sim;tli!ies coding. Its speed i : 
greatly dependent on the choice o! the basis vhic:h is quite slov. The PEP 
program is a combination of Villars' method and Browne optimum basis method. 

The pollution comput~r program U3es many o! the PEP program's routines. 
Modifications of this program were made to calculate pollution products under 
the special conditions encountered in open burns and open detonatioll3 of 
explosives and propellants. These modifications are described under the 
general description of the pollution computer ;>rogram. 



~!il!.OR! AHD ASSU?1FTIONS FOR OP!lf BURB/OP~ Dt!OrrAr:c~ CALCJ!.A!I:~s 

The cotal)uter pro,:a.m calculates the pollu:ion combustion produc:3 u=.der 
:•o di!!erent coudition.t: 

l. Open Bum (OB) - mder th••• conditicma the material is mixed 
vi:h &ir and th~ burn to&athar to form tha pollution produc:s. 

2. Open Detonation .(OD) - under thu• couditicma the material is 
detonated. first, after vhich air is mixed vith th• detonation products th~t 
react to !orm th• pollution products. 

The necessary ther.:cd:ynamic d&ta !or the material's i.n&redien.ts and air, 
the wait.ht ratio• o! material/air and the tvo preaaur1 values o! 1000 and l~.7 
psi ara read in;o the co~uter u inintt data. The !la.me ttml'•rature, 
combustion products, moles of caa, entroi'Y, &nd ·othar pertinent data are 
c:a.lc:ul&tWd !or the material/air mixtures under a pressure of 1000 psi. The 
volume of th• combustion products ara thmi expanded to 14.7 psi which causes a 
temperature drop in the products. At this lover temperature, th• products 
have a differen.c composition from that at 1000 psi. The computer procedure 
goes through. a similar routine it did at 1000 psi to recalculate the 
combustion products, !la.me te:n;>erature and other variables th.at c:lunged 
because of expansion. The products calculated at 14.7 psi are reported as the 
pollution products in the output data. 

Even thouih the c&lculaticma are con.ducted at 1000 and 14.7 psi, the 
material does not h&Te to be disposed of under these con.d.itions to predic: the 
pollution products. Ihe calculations are conducted in this manner !or the 
follovin.g reasons: 

l. It si::ru.lates the drop in temperature as the ia3es ecol to ambient 
conditions. 

2 . Ihe combustion products ."!reeze" in co~osition before they reach 
ambient tempera~ra. 

3. Ihe combu.tion products o! e:;ilasiTu and propellants !or.:ied in the 
c:ombu.tion c:Uarimater are in cooc!. qreeme:nt \lith the products 
calc:ul&ted. by the computar3. 

4. Ihe heats o! explosion calc:ul&ted from the PEP computer pro,ram 
closely approximates the actual Talues determined from calorimetric 
data8. 

2 



Simulating a Drop in Te;;perature 

Initially, flame temperatures above 3500 ~ (5840 F) at the burn site ca: 
be reached by some m&terials bu~ed alone or vith air. The temperature t~en 
cools to the ambient temperature of the surroundings. It is important to 
account for this drop in temperature, becau.e the composition of the 
combustion products !or the initial hiih temperature at the burn site vill be 
different !rom the composition cooled to ambient temperature. 

In e!!ect, the combustion product's temperature ch.an&e can be simulated 
by calculatin& the temperature of the material burnin& under a pressure of 
1000 psi and after the combustion products have expanded to 14.7 psi. 

Frozen Comtrostion Products 

The composition of the combustion products will continually change ~ith 
temperature unt:il a "freeze" temperature is reached. Afterwards, the 
composit:ion of the products remain constant, both quantitat:ively and 
qualitatively, even tho~ they continue to cool to ambient temperature. !he 
products are said ·to "freeze" vhen they no longer ch.anae vith temperature. 
!his freeze t:emperature is unknown and varies vith each material burned. In 
his detonation calorimetric work, ~ Ornellas9 reported that the frozen 
temperature is betveen lSOO to 1800 K for moat explosives. !he frozen 
temperature for the combustion products in this study is assumed to be the: 
te~perature that is calculated when the products are expanded to 14.7 psi. · 
For most of the exploaives and propellants used by the services, this compute: 
program calculates this temperature to be in the r~e of 1200 to lSOO K. 

Calculates! Vet3JJS Determines! Combu,stion frodllcts 

In this laboratory approximately a dozen explosives and propellants hav1 
been burned in & combustion calorimeter under an atmosphere of 450 psi of 
helium. Ihe combustion products &n.&lyzed were in good agreement ~ith the 
calculated composition of the products after they had been expanded from 1000 
to 14. 7 psi. 

Calcylatesi Yer:n;1 Deter:mins:d Heats o! Jl\lplo1ion 

The heats o! explosion have been calculated from the composition of the 
combustion products, expandin& from 1000 to 14.7 psi, from the PEP program fo : 
numerous exploaives and propellants. In 1eneral, there is good agreement · 
betveen the experimental and calculated values wsina the PEP output data8. 
Ihe close agreement between the calculated and the determined values for both 
the combustion products and heats of explosion determined at the NSWC 
Iaboratory, is the basis fo r using the pressure values of. 1000 and 14. 7 psi. 
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Detonition Byrn 
·--

!he same input data is used !or both t.he open bur:l and open detonat:on 
ca.lcul&tions. In open burn, t.he material and t.he air are mixed md bur::ied 
together at 1000 psi and then the combustion products of this mixture are 
expanded to 14.7 psi. In deton.a:ion bu.~, the !ollov~ conditions are 
assumed: 

l. Th• materi&l e%plode& !irst, !o~ combuation products th.at do not 
ini ti&lly react vi th-. the aurraim.din& air. 

2. Durin& the explosion, the hot sues e:pand., shock vaves are created, 
etc., causing an e:nera losa of the combustion products. 

3. The .combustion products at the reduced eneri:r are then ·~eacted vith 
t!ic surroundin& air to form the ·pollution products. 

Material: 'S;plodc ?1:st 
. 

In th• open burn calculations, the air is mixed vi th the air initially · 
at 1000 pai and alloved to react to1ether. In open detonations tha material 
e.xt'lodes, for.n.iJ:li combustion producu without :ii-1n·, vi th a.ir. 

Los:i of !ncra 

Whm an explosive detonates, shock vaTea and other proces••• occur that 
cause a lo•• o! en.era and a drop in t__,erature. The prosraa USlmles that 
this eneri:r is lost before the combustion prochu:~ react vi th air at the bu:u 
:site. 

Combys;ion PI9dtJct~ at Kesiuccd, !;ncrxy 

!he calculated eneri;y loss is subtracted from the total eneri;y of the 
explosive before the combustion products are reacted vith air. The 
calcul~tion.s then follow the open bum procedu:e discussed above. That i.s, 
the combustion produc:s at & reduced ener&Y level are mixed vi:h air at 
1000 psi and allowed :o expand to 14.7 pai. Thi3 is :he m.ajor difference 
be~Jeen open burn and open de:on.at:ion c&lculacion.s. 
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LOOU!IOIIS ll OP?! BUU/OPD DXTOIU:rIOlf (OB/OD) CALCD'LATIONS 
·---

Material/Air Wei;ht Ratioa 

A major problem in calculatin& pollution products is the material/air 
veight ratio th.at burns at the site. The weather, quantity o! material to 
dispose o!, vind speed, location, etc., are !actors th.at ,reatly influence t! 
material/air veiiht ratios • 

. To circtmn"ent this uncontrollable variable, a series o! material/air 
veiiht ratios !rem 100/0 to 10/90 in increments o! -10/10 were calculated. 

' Ihe output dat& shovs the trend. in the composition o! the pollution products 
as the ratios vary. Even though the approxim&~ ratio isn~t known, the 
calculations shov the extremes expected o! the products' compositions for 
disposal of materials by burnin&. 

Formation of Carbon Dio;idc nnd Water 

Hov much carbon ·1oes to carbon dioxide anc1 hydrogen to vate= vould 
depend upon & number of factors. Two main factors vould be the presence of 
other elements and the freeze tempera~re. For example, boron ca.rbide, HC.l, 
and HF vould form i! boron, chlorine and fluorine vere present. Some 
hydrocarbons vould likely . form in many cases. Above the freeze temperatur~, 
most of the residual carbon and hydrogen vould form carbon dioxide and vater 
i! enouih oxy1en vere present. Ihe ideal conditions vould be for this to 
oc~ur in OB/OD burns. 

I! analyses of fu~re OB/OD burns could verity that this does occur, 
then the material/air veiiht ratios could be va=ied until all of the residu~l 
ca~bon and hydroien vent to those tvo products. That particular caterial/ai= 
-eight ratio vould then be used to predict the combustion products formed. 

Even i! not verified, the material/air veight ratios should be varied 
until all the residual carbon and hydrogen are burned to carbon dioxide and 
water. It vould predict vhat combustion products are formed under ideal 
condi:ion.s for OB/OD burns. 

Calcylat1ng Tempe:=atJ:lre Chnnre 

As disc:usaed aboTe, the temperature ch.a.nge is simulated by calculating 
the material burning at 1000 psi and allovin& the combustion products to 
e;c;iand to 14.7 psi. These tvo pressure values chosen were based on 
experimental data determined at this laboratory. As mentioned, the 
theoretical combustio'n products and heats of explosion calculated under these 
condition.s vere in good agreement vith the experimental calorimetric data for 
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the gues fo:-::ied and the heats o! explosion dete=:nit:.ed. Since te:ipera::::-e !.s 
a fun:tion o! both iases !or:ned and heat released, :~e calculated te:~era:~:! 
clunge betveen the pressures o! 1000 and 14.7 psi is used !or .predic:i=-6 · 
pollution products • 

Th• u.mpera:ure. calculated at 1000 pai aimul&tea th• initial hi&h 1!la:11e 
te.mperaeure of ·the material &t · th& burn sit• before it expands. 'Ihis 
calculated tem;>eratur~ is sli&htly hi&h•r than the calculated !lame 
temparaeure if ambient preaaure var• used in.ataad.. !'or e%&1Sl'l•, the name 
:emperaeure !or ??IT is 19921: at 1000 pai, and 1976 t ·at 14.7 psi (vith no 
expansion) • With such close a;reement at these tvo pressures, it vasu • t felt 
necessary to prosram tha computer to obtain an initial !la.ma temperature at 
ambient pressure before calculating th• t!ml)erature drop. niis is especially 
:::-oe when the i.nitia.l !lame temperature is subject to the conditions o! the 
enviromnent. 

Houcneitt o! P!aterlals 

Often different tyJles o! oateriAls are burned tocether. I~ sucl:. cases, 
all o! the i.n.;redimts in the ma.teri&l.s ue combined and treated a.s one 
homogeneous material in the calculaiions. 

Deton.ation o: ?!Atc:igl; in Di!fermt: Cqntainca 

ri1ateria.ls coma in many tyJles o! containers. Those contained in shells, 
i:-e:Iades and at.her metallic casin&s vill ba more di!!icult to predic:t than iI! 
pa.per conta.iners. Such containers vill in!lue:nca th.a chemical reactions a.t 
!ha bum site. 

Detonation burn ca.lcula.tion.s a.re less accurate th..a:a. open burn 
calculations. The material explodes before it reacts vit.h t.he air. For this 
=ea..5ou ~•o &s~tions conce:-nin& pressure cllan&es a.nd loss of ener1Y vere 
:n.ada. They a.ra discusaed belov. 

Unlike an open burn, t.here is m initial hi~ pressure !rom t.he 
detonation. It is di!!icult to calculate what products are formed under high 
pressures. This cotnl)uter program uses the ideal equations of state for the 
~~cbustion produc:s t!l..At would not &pply to gases under such conditions. 
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s:nce the objective is to predict pollution products at ambient conditions, 
:hese gases vould not be of interest. As the combustion products decrease i: 
pressure, :heir behavior is assumed to obey the ideal equations of state for 
gases. 

Loss of !:ncra 

The detonation o! the e.%i)losives sets up shock vaves, does vork agains: 
the environment that e.%i)ends -en.era. Since enera is a major !actor in 
determinin& vh&t products are formed, the calculations asaume a loss of ener( 
by the combustion products before they react vith air. The loss !or each 
material is at best: an estimation. The energy constmed in shock vaves is 
reported by PricelO and Dysonll to be 20% to 25% of the total energy of an 
explosive. The computer program estimates the ener&Y loss to be 2S~, plus o: 
minus 5~, dependill.i; . on the e.%i)losive. This perc~tage can be modified late= 
i! and vhen better experimental data becomes available. As discussed unde= 
detonation burn, the combustion products are then calculated at a reduced 
energy level by the same procedures used in open burn calculatiou. 

Modi!icatiQtl# of Propellant ?!tl~a;iou Prosraa 

The Propellant Evaluation Program (PEP) vas designed for rocket 
calculatio~ &n.d could not be used in its present form. Since many of PEP's 
subroutines vere co1n1>atible for pollution c&lculatio~, it vas e&3ier to 
~odi!y this program than to start !rom scratch. The !olloving major c:.h~es 
'Je=e made: 

1. INPUT DATA FORMAT - A different !oniat vas used !or the special type 
of calculations for pollution vork. This format is desc:ibed belo~. 

2. OUTPUT FORMAT - !he PEP output vas desiined for dat~ important to 
rocket designs. An e~ple of the output format and data for 
pollution data is described below. 

3. ~CTIO?f WITH il~ - The OB/OD burns are mued vith a.ir. the program 
is designed to automatically mi::: the na.terials vith air a.nd calculat1 
the results. 

4. ~t;y LOSS IN DETONATIONS - The OD burns are assumed to lose energy 
before they react vith air. A modification of several subroutines 
vas made to account for this loss. 

5. OB/OD CALCULATIONS - To facilitate the use of the prograc, it vas 
designed to do either an OB or OD calculation u3in.g the same input 
data. As described belov, only one variable must be ch&nged to 
accomplish this. 
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Gcnc:al De~c:!ptiou 

~e ::iain co~uter pro,=am, POLUlO, ~ ~•o &u:ili~:y proira.ms :o handl! 
the necessary input data !or i:s· operation. 'nla three pro,ra.ms &re descr:oed 
as f ollovs: _ 

A.. POLlllO - · This i• the scurca !111 for t.!11 main procram. It is vrit:~ -
in 'thL ronuir IV lancu&&•· An e:plan.aticm o! th• input d&t& and 
tormat .ia included below. ?hi procraa vu pu~oael.y vrittm in 
roiTlill IV tc !acill-tata its trmafer to ether types ct COllll)Uters 
vi th the least am.cnm.e o! trouble. 

a. Pn>AIIX - This is the auxiliary source !il• pro,ram th.at man.aces the 
ther.:odyn.amic cat& for the combuaticm species. The JAlmA.F 
Thermochemical Ta.'blul2 is the source !or mcst of this data.. Heat 
capacity equations, entropy &ns:i enth&lpy coust&nts are .stored in t~is 
procram for over 1400 combustion species. Gases, liquids- and solids 
are included. 'Ihua, the procrm can predict solids and liquids as 
vell as iaseoua pollution products. Whm this procrm is rm, a 

_. bi.n.a.ry !ile of the data is COllll)iled that POUJlO calls in and searches 
!or the appropriate com.buatiou species. The cOllll)iled torm of the 
dat&. must be asaiinad to TAn 12. vhm :-annin; POLUlO. 

C. INGDAl'A - This is the atrd.liary source file program th&t manages t!ia 
iniredients th&t collll)ose the p'ropellants, e:plosi ves or other 
materials that are disposed o! by 'bumin&·· The names, b.eats o! 
formation, densities, and. th.a elemm~ ccm~oaition.s ot the 
tniredients are included as pan cf th.a data handled by this 
pro,ram. The in&radimu are selected from numbers by the main 
pro,ram. This eliminates reaciin& in th.a necesaary d.&ta !er the 
~adients eYat''Y time they a.re uaed. Tvo data !iles are senerated 
by t!rls prcsrm: 

1. File on IA.PE 11 - This file has the ini~edients dat& a~an.ged 
in the format used by the main program. the data from this 
file must be &Ssigned to TJ..P! 11 before POLUlO is rm. 

2. File on TA.PE 6 - The I?rGD~ program also prints the 
in&redients data on TAPE 6. A copy of ~s !ile is obt&ined 
!or reference by the uaen of the pollution procrus. It lists 
the in&redimts by numbers. Whm a panic:ular in&red.ient is 
uaed in the calculations, this number is entered as input 
data. Th• data !or that in&redient vill then be called in by 
POUJlO. 
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E;,rnlapntiqn and. Format Data 

!he data must be entered in the follovin& sequence: 

Colmm lfo. 

3 0 

4 

9 1 

' · 
20 3 

29-30 1-10 

Line l 

Deac:f ptiqn ot Data 

This is alvays O. It controls the specie: 
dat& comin& from PEPAUX. 

l or O. When set to 1, the pressure is 
entered as lb/sq. in (psi). When set to 
O, the pressure is entered in atmospheres 

l or O. When set to 1, all of the 
in&red.ients are read from 'IA.P? 11 by 
numbers. When set to O, some or all of 
the in&redienta are read in directly. 
This is explained in Line 4. 

0,1,2,3 or 4. This controls vh.at decimal 
place the concentrations of the combustio: 
products are printed in· the output data. 
Three is recommended. 

setting decimal place 

0 l.xE-5* 

l lxE-io 
2 lxE-17 

3 l.x.E-4 

4 lxE-25 

*E a .the exponential of 10 

This is the number o! in&redients in the 
propellant or -explosive, plus l for air. 
For e.xami>le, if an explosive has 3 
in&redients, this value must be 4 (right 
adjusted). Ten in&red.ients is the limit. 
I! more than 10, tvo or more o! the 
in&redients must be combined into one. 
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39-40 1-10 

"46-47 20 

48-50 l,2 

51-53 l,2 

---
!his is the number o! calculations or ~.:..~s 
to be :nade. !he output for.:at l~~i:s :~is 
number to 10 (right adjusted). 

When all o! tha iniredients are reac1 in by . 
numbers, this is set to 20. I! any of the 
in&redients &r• not read in by nu:ibars, 
thia m:Jmber (ri&ht adjuated) must equal 
th• number ot il:iired.ients not read in by 
numbers. 

When set to l (right adjusted), t~e 
computer does open detonation 
calciil.ations. · When set to 2, the compute: 
does open burn calculations. They both 
uae the .same input data and fo~a.t. 

When set to l, the output data for the 
pollution products are civen in ira:u 
products/loo ' material. When set to 2, 
the products are also ,iv.en (both units) 
in 'rs products/liter of sases for:ned at 
S!P (273.15 decrees · (elvin and 1 
atmosphere pressure). 

Linc 2 

This line is for namini of the material burned md other identi!ying 
inf or:nation. 

Linc 3 

In a sequence of calculations, the veight percent of air is changed. 
!his line is for the different weights of air that changes with each 
calculation. As ~any as ten di!f erent weights of air can be entered. 
Starting at column l, each veight has a field of 6 columns. Weight l goe~ 

into columns l - 6; vei&ht 2, into coluz:m.a 7 - 12, etc. 

Linc 4 

The n«;D~ file contains data !or many o! th• in&red.ients that are ~ed 
in propellan~ and e::ploaives. I! this file does not h&Te the in&redients 
needed !or the calculations, the data !or these iniredients can be read in. 
In Line 1, column 9 must have a value of 0 and col~ 46 - 47 mus~ have the 
number of l~redients (right adjusted) that are read in under the format beloY. 

, ,., 



When adding nev ingredients to :he INGDAT.A data file, this same fo:=at 
is used. The INGDATA data can also be entered under the f oramt adopted oy 
Cruise at China Lake. The postion of the data under Cruise's for:nat is ~ark ; 

in the dat& file. 

Collmn -?!o. 

l - 20 

21 - 21 

28 - 32 

33 .- 38 

39 - 40 

41 - 46 

47 - 48 

49 - 54 
55 - 56 

57 - 62 
63 - 64 

65 - 70 
71 - 72 

73 - 78 
7.9 - 80 

Description of D§t& 

Name o! the ingredient 

·Heat of formation of the in&redient in cal/g. 

Density of ingredient in lb/cubic inch. 

Number of atoms of the first element in t~e 
ingredients. 

Symbol of the first element (left adjusted)~ 

Number of atoms of the second element in the 
ingredients. 

Symbol of the second element (left adjusted). 
This sequence continues for a limit of six 
element3. 

Atoms of third element. 
Symbol o! third element. 

Atoms of fourth element. 
Symbol of fourth element. 

Atoms of fifth element. 
Symbol of fifth element. 

Atoms of si.J:th element. 
Symbol of si.J:th element. 

Line 5 

The numbers assigned to the ingredients by the INGDATA file are entered 
here. Start~ at column _l, each field has 5 columns. The number for the 
first ingredient gees into columns l - 5, the second in&redient into columns 
6 - 10, etc. For example, if 23 is assi&ned to aluminum by the INGDATA file, 
23 should 10 in columns l - 5 (rig.ht adjsuted). Aluminum is the first 
ingredient in the material. It is imperative that the ingredient number for 
air alvays 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. 

. ... .... 
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Colu;m ?Jo. 

l - 6 1000. 

·-

7 - 12 14.7 

13 - 18 

73 - 80 

·1 - 6 1000. 

. '- , 

Linc 5 

Pescrfptiou of Data*• 

This is the pressure of t~e ~be~ 
in which the material is initi&lly 
bu.~ed. Thi• value is nor.:ally 
1000 pai !or pollution 
calculation.a. A.tmOSiJheres cm be 
uaed (s•• aplm.ation in Line l). 
The data in this line is for the 
!int calculation. 

This is the pressure th.1.t the 
combustion products expand to i~ t~e 
calculations. The value 14.7 ;:si is 
normally U.sed here. It can also be 
expressed ill at:nospheres. 

This is the wei&ht .o! the !irst 
in&redient. Th• field !or ea.ch 
successive in&redient is 6 colu::ms 
loni. For the second i:igredient, 
columns 19 - 24; the tb.ird, colc:::rui 
2S - 30, etc. Iha tenth and last 
in&redient is in columns 67 - 72. 

The wei&hts of the in.sredients are 
mtered vi th air as the last 
in&redient. Air is normally set at 
:ero vei&h: percent. Under some 
cir~tances, the initial Yeight o! 
oxy;en is not zero. '!his is 
discussed later. The ~•iiht of air 
is automatically increased and tb.e 
~terial Yeights decreased by the 
same increments in Line 3. 

This is option.al. Additional 
in!ormation can be entered here to 
help identitY the output data. Suc!l 
i.n!ormation is normall7 entered i~ 
Line 2. 

Llnc:s 7 - lS 

' 
The data is the same as i:l colt.:mn.s 
1 - 6 in Li:J.e S • 



7 - 12 14.7 !he data is the same as in col~"!Uls 
7 - 12 in Line 5. It isn't 
necessary to enter the veights of 

<Li) the material or air again. The 
pro1ram automatically adjusts these 
vei&hts vith the data in Line 3. 
The number of these lines is alway~ 
one less than the total number of 
calculations made. I! 10 
calculations are to be computed, 
enter 9 o! these lines vith just 
these tvo values on each line. 

** All numerical data must have a decimal point • 

...... -· . 

' · 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

·• I .... _. 9. 

10. 

11. 

12. 

IDElttITICAl'IO!f or MmBW O! S!m'U or OUTPUT nm ---

Identifies the type of calculation. This is either open burn o~ 
open detonation. 

Na.me of the material burned is identified here. 

Ra.me of the ingredients in the material. 

Symbol for the elements in the in&redients. Also, the number of 
atoms for that element divided by 1000. Thi• number is often in 
decimal form when the elements are expressed in gram-atoms. 

Weight of the in&redient in the material. 

Beat of formation of the ingredient in cal/,r. 

Density of the in&redient in lbs/cu in. 

Symbol for the elements that compoae the material. Also, the 
elemental composition of the elements that compose the material. 
If the atomic wt. of the element is multiplied by the elemental 
composition, the total mass o! the element in the material can be · 
calculated (eXa.mple: 12.0l x 3.011716 • 37.0l ,rs of carbon). 

Weights of the material and air uaed in the calculatio~. 

For open burn calculation.a: Thia is the initial flame temperature 
of the material/air burned before the cases st~t to cool. !he 
enthalpy of the combustion product£ is civen in kcal/gfv (ifW • 
gram formula vei&ht). The temperature is expressed in both J:::elvin 
and Fahrenheit de&reea. 

For open detonation calculations: This is the temperature o! the 
combustion products after there ia a loss of enerCY due to 
detonation. The detonation product• cool to this temperature 
before they react with air. 

The temperature of the co~tion products (!or both OD/OB burns) 
after th.y have expanded froa 1000 to 14.7 pai. Thia is also the 
"frozen" temperature of the products. 

The comvuter can calculate the veil.ht• of the combuation products 
to l.OOE-17. For thia vork the concentration ia rounded of! to 
the value shovn. 

. . 

14 



13. 

' ' .... 
15. 

Symbols for the combustion products fo~ed. !hey are identi!ied 
in the JANN.Ar Thermochemical !ablesl2 

Weigh:s of :he products formed in grams products/loo grams of 
:nateria.l burned (or l'bs products/100. lbs material burned). 

rotal combustion product3 considered in the calculations. Of the 
73 products listed, 12 with concentrations l.OOE-04 or higher are 
listed above. 

lS 
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Thenpodyna;;ic .Data for Combus;ion Products 

!he program con:ains an &uxil±ary d&t~ file (PEPAUX) for the combustion 
products. Hea: capacity coefficients, enthalpy and entro~y con3tants are 
stored for each of the combustion products. Most of the data in this file ~s 
from the JANNA.F Thermochemical !ablesl2. Currently, there are over 1400 
species in this file. It contain.s compounds in the gaseous, liquid and solid 
states. The proiram chooses the compounds to con.sider in the calculations 
from the elemental composition of the material burned. If the material 
contains the elements C, H, O, N, the procra: searches the library for all 
species containing these elements and con.siders them as possible pollution 
products. The total number of combustion products considered for .each 
calculation is listed in the output data. Obviously, any p~oducts forced at 
the burn site and not in this file cannot appear in the calculations. This 
library contains most of the species that are for:ned from explosives and 
propellants used by the armed services. 

The file does not contain .a large number of species for the metallic 
additives that are used in military e.:rplo1ives • . There vill probably be some 
products formed from metals that are not in the file. Since aluminum is used 
extensively, there is an adequate amount o! species for this metal under most 
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, 
respectively, in the output data. !he PE'P program is designed to calculate 
combustion products at hiih temperatures. The file does not include organic 
solvents or other orianic compound~ th.at cannot survive high temperatures. 

High Temperature Species 

Some of the species formed only exist at hig,h temperatures. These 
spe=ies ~ould disappear as ambient temperature is approached. For example, 
ions ~ould be in this catagory. These species nor:nally disappear in the 
calc~latio~ as more air is added. In evaluatini the pollution products, 
:hese species are assu:ned to disappear. For most !Xplosives and propell&nts 
these high temperature species comprise only a small percentage o! the total. 

Te.::ipcratvre Limit1tiQI11 

If the materials burned do not obtain a !la.me temperature above 300 K, 
the co~puter ~ill issue & ~arni~. for e.:u.mple, i! a hydrocarbon vithout 
oxygen is &t:empted there ~ill be no reaction above 300 ~. This can occur 

l! 



,• 

~ith a mixture of material and &ir i! there is not suf!icient amount o! oxyge~ 
or fuel to properly react. In such cases several trial rUIU c&n be oade by 
:~anging the material/air ratios until the program nm.s. 

Mi;ix;i. Air With Materials 

· In most calculations, the first material/air vei&ht ratios start vi th 
100/0 . !he computer vill accept this ratio as long as the material contains 
the elements oxygen and nitrogen. If a material, such as a hydrocarbon is 
burned vith zero veii,ht percent o! air, the program cannot run. With air as 
an ingredient, tile computer vill select those species from the PEPAUX library 
composed o! these tvo elements. The concentration.a o! these species cannot be 
calculated a. the elemental composition of oxygen and nitrogen vill be zero. 
When burnin; hydrocarbons and similar materials, the percent o! air can.~ot be 
zero. 

Preeaution,s With Detonation Cal;ulations 

!he first material/air veii,ht ratios in a series of detonation 
.calculations must be 100 & material/O ' air, or the material· burned alone. 
Ihe program must use the data from this first calculation to d·etermine tile 
energy loss from the detonation. Since moat exploaiv-es and propellants . 
contain nitrogen and oxygen, the problem discu.saed in the para1raph above does 
not apply • . Some materials, (tetrazoles, azides, etc.) do not contain oxygen · 
or nitrogen. For detonation calculation.a, a small amount of air must be 
included in the first calculation. The air vould be considered as part o! the 
eX';)losive's composition in the first calculation. A minimum percent of air 
shoul~ be used that can be determined by trial and error. 

Combtl3tiqp. Product1 P;inted, Tyicc 

Ihe thermodynamic data coTera a vide temperature ran&e. In some species 
(notably solid carbon and almninlml oxide), the data is stored as tvo heat 
capacity equation.s to properly cover the temperature ran&e. · Therefore, some 
species appear tvice in tile output data. When this occurs, one or .the other 
of the symbols representi~ that species is · z~ro. 1his does not affect the 
results. 
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DISPOSAL or .!t!VY WAS!! 

On 22 May 1986, approxi~ately 7500 lbs of Navy vaste propellants ~ere 
disposed o! by openly bu:nin& the propell&nts at Dugvay, Ut&.h.. The pollution 
products vere investigated by tvo methods, evaluation by. computer calculatior.! 
and on-site evaluation. 

ComparatiTe Ap.&lyses. Comizvter Prefiiction1 Ver!Dlf Actval !;;ip1ion Dita 

The composition of the Navy vaste th.at vaa · disposed of at Dugvay is 
given in Table I. Combined, this vaste consisted of eight elements. The 
percentage and total veight o! each element is listed in Table II. For 
example, 2.97% or 222.7 lb o! the combined va•te consisted of the hydrogen 
element. Metals are usually a concern at vaate disposal sites. The amounts 
of Al, Zn and Pb in ·:he vaste material are also listed. Iables III and IV 
contain the computer output data for the Navy ·vaste burned in air. The 
combined composition is read into the computer as Navy vaste l, Navy vaste 2, 
zin: and lead. Since the vaste/air vei&ht ratio burned at the site vas not 
known, a series o! ten vaste/air veiiht ratios vere calculated. The output 
data lists the pollution products !orzed and. their chan&es in-concentrations 
for the varioua vaate/air . ratios. The fate of the elementa ia discussed belo~ . . 

a.. HYDROGtl{ - Most of the hydro1en 1oes to the formation o! H20, H2, -anc 
BCl. As the percentaa1 of air increa•e•, the percenta&e of vater · 
increase• at the expeiae of H2. The HCl concentration remains f ai:-ly 
constant until 30~ vaate/70X air is reached. 

b. CARBON - CO and C02 are formed vith carbon. Aa the percentage of ai~ 
inc~eases, the percentage of C02 increases at the expen.ae o! CO. 

c. R!'Ii.OG!:lf - the predominate product is N2. Some traces o! N02 may 
e:ist in the 20X va1te/!O~ air ratio. 

d. OXYGEN - Oxy&en combines vith all of the ele:ne.nt3 except zinc. 

e . ALUMINUM - From the first to the last calculation, all o! the 
aluminum goes to Al203$ ($ st&.nea for solid). In moat propell1.nts 
oxygen reacts vith aluminum first to completely oxidize it. The 
A1203S concentration is constant throuchotit the series. Note that 
Al203S i• shovn twice in the output data (the 5th and 27th 
producta). This compound haa ita therzodyn.urlc data stored in tvo 
heat capacity equations. Which equation i1 uaed depend• upon the 
temperature. 
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f. CHI.ORIN? - HCl a.nd the chlorides of zinc i.nd lead &re fo:-:ied. RCl :s
the moat prominent of the chlorine produc:1 formed. HCl vill 
immedi&tely be &bsorbed in any moisture presen: to form hyd~o:hlor:: 
&cid. 

g. ZINC - Most of the zinc met&l vill form its chlorides. The chlorides 
increase vith increaae in the air veight and at the expense of HCl. 
The zinc products vill be mostly solid.s. 

h. LtA.D - Lead reacts similarly to zinc and vill form chlorides. 

At the end of the output data is a list o! the total combustion species 
considered by the computer. There are 155 (some species listed tvice) shovn 
that the computer considered as possible combuation products. Those vhose 
c.oncentrations eq-.;?.led or vere greater than 0. 0001 are listed above. 

Qn-Sitc !yalvation at Dvgvay, Utlh. 22 eay 1986 

The vaste vas burned in 5000- and 2500-lb sec:ioM. The ga.seou3 .: : c 
formed !rom these burns vere SaJnl)led by a helicopter passing through the 
clouds. 

The interscan instruments used to detect the caseou. emissions in the 
plume vere not specific for each individual caa. As a result, some 
instramenta auffered from interferences and vould ,1ve indications of the 
presence of & measured gas vb.en it actually vu respondin& to an inter!erent 
gas. Thia v&a the case for the apparent detection of 502 and !US vhen there 
vere no sulfur compounds in the Navy v11te that vaa burned. The respon.ses on 
these instnJments vere due to the preaence of HCl vnich produces a positive 
repon.se on these tvo instruments. Since the chemical reactions o! the 
detector cells in the instrument &re either oxid.&tiTe or reductive, depending 
on the instr-amen.ts, i: is poaaible for an interferent to produce a neca:ive 
interferent ,... It ia likely that the ne1atiTe Taluas recorded by the Cl2 
instrument resulted from a ne1ative interferent 1aa. Based on the theory that 
there should be no NO, the respon.ae vaa probably also due to an interferent. 
(Explanation of the data in Tabla V is baaed upon a letter and priTate 
communication by M&rk Zauci, Director for Ammmlition Equipment, Tooele Army 
Depot, Tooele, Utah.) 

Only a limited amount of the on-1ite data collected, Table V, vas use!ul 
for evaluation. The helicopter sampled the tvo major indicator gases a1 
emission.a froa the ft•TY vaate: 

l. Carbon Monoxide - In T~ble · V, th• concentration of CO is 0.07 and .06 
lb C0/100 lb Navy vaate for the 5000 and 2500 lba respectively. This 
concentration of CO !alls between tile computer values of 40/60 and 
30/70 Navy vaste/air veig.ht ratios (Tables III and IV). 
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2. Hydrogen Chloride - In Table V, the concentration of HCl is 1.19-a~c 
1.21 lb HCl/lOO lb Navy vaste for 5000 and 2500 lbs respectively. 
This concentration of HCl falls betveen the computer values of 20/30 
a.nd 10/90 Navy vaste/air veight ratios (7ables III and IV). 

Based on · the above data, the climatic conditions experienced and the 
bu:-n pan con!iguration at the Dugvay site alloved for sufficient oxygen to 
completeiy oxidize the Navy manufacturi~ vaste. The composition/ 
concentrations re:nained constant above the 60-70% air intake. lt is at this 
point vhere all of the residual carbon and hydrocen ato~ are oxidized to 
carbon dioxide and vat er. It is expected that most o! the PEP "mixes" of Navy 
manufacturin& vas:e vill be completely oxidized to these tvo produc:s. For 
most o! the individual Navy propellants, the ca.lculation.s belov shov complete 
oxidation at the 60-70% air intake. Some, like the AA2 and the H!:N-12, are 
completely oxidi::ed Yith 50-60% air int&ke. The percentace ·o! air consumed 
depends upon the initial oxygen content o! the material. 

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

In the interest o! a proof continium, & comparative a.n.lyses predicted 
vs actual emission should be made o! future burns/detonations o! both Anrry a.nd 
Navy PEP va.ste. 
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CALCULJ,,ID WSS!OJJS or Il!PMPUAL &VI PKOmJJJrIS Alm roiosms 

!ziasion.s from each individual propellant and explosive vere c&lcula:e~ 
in a manner similar to those in :able III. These c&lculations predic: the _ 
pollu:ion emisaion.s o! the individual material. They vere done for open bu:-:i 
and open deton&tion . conditiona. A list of these calculations is given belov. 

UBI.I I 

KAVY W.lSn BtJUID 

Propellant Weicht (lbt) Weight x 

NOWIH-80~1 (Mt 23) 70 2.8 

X256 (Mt 12) 1200 48.0 

N-60 (Smokey Sam) 20 0.8 

N-50 (S" - G.P.) 
I 

100 4.0 

AA2 (M! 90) 410 16.4 

AA6 (ZUNI) 240 9.6 

N-5 (ASROC and. Ml: 22) 190 7.6 

BX-180/BX 1!5 (MJ:: 18) 5 0.2 

BX-180 H (CJ:U-5/A) 13 0.6 

IPH-9001 (crtJ-7/A) 30 1.2 

PB~-106 (Ml: 115) 40 1. 6 

PBXW-109 (MJ:: 83) 20 0.8 

NOSIH 9 BC-10) (MQM-107) 40 l.6" 

XM.39 (LOVA) 70 2.8 
PBXN-103 50 2.0 
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I.ABU II 

1 .... ;. ·:.;, Elemental Composition of NaTY Waste 
··· .. 

tlemC"Ut .. of ?jle;;c;nt 'Jt I Xle:;ent in 7500 Lbs ,. 

H 2.97 .222. 7 

c 23.28 1746.0 

N 13.45 100&.8 

0 52.88 3966.0 

Al 3.83 287.2 

Cl 2.25 168.8 

Zn 0.32 24.0 

P'b l.02 76.5 

. . 
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Gaseous Emissions Detected by Helicopter from 5000 Lbs of 

Navy Manufactureres Waste, Burned 22 May 1986* 

Emhsion,, from 5000 Lbs Open Burn 

Pus No. 1 2 3 4 5 6 7 

GAS lb &&S /5000 lb Navy Waste lb gas/100 lb 
Navy Waste** -

S02 31.19 24.85 17.48 9.65 10.92 22.12 

Cl2 -8.63 -10.65 -8.30 -2.67 0.00 -24.49 

HCl 76.65 61.84 46.770 43.50 69.25 

NO 23.80 22.53 12.87 6.78 10.23 20.73 

N02 1.35 5.18 4.48 6.93 13 •. 07 11.92 

R2S 7.01 2.98 3.32 o.oo o.oo o.oo 

co 3.88 2.45 4.37 0.00 . 0.00 0.00 

~1:1:11~ f rolf! Z~QQ I.:bl 2f l!:IV"V W1:1~1: 

S02 3.07 23.59 17.64 4.52 2.22 

Cl2 -4.15 -20.12 - 13.02 -2.50 0.00 

HCl 8.44 38.08 65.26 26.98 11.40 

NO 2.88 9.96 5.51 1.06 1.56 

N02 0.37 1.94 3 . 52 4.05 o.oo 

H2S 0.45 2.06 l.04 0.60 0.00 

co l.29 l.95 

* The open burnini o! the PEP military vastea, collection of pollution 
products and cloud samplin& vas conducted tmder the direction o! 
Mark M. Zaug,, Ammuniton ' Equipment Directorate (AED), Tooele Arrrry Depot, 

· ...; 

0.3 

0. 1 

1. 1 

0.3 

0.1 

. 0. 0 

. 0 .o 

0 .4 : 

-0 .3. 

1.2: 

0 .1: 

0. Of 

0. o: 

0 .O! 

· Tooele, Utah. This table (Table V) is from the reduction of the helipcopter 
data by the pro&ram SUMMARIZ developed by AZD. The columns represent the 
analyses o! six passes made by the helicopter th.rough the cloud plume after 
the Navy vaste vas burned. 

** !he average of :otal n=.s. 
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10. Donn& Price, Energy Par;ition 1n Und:rvater E40losions 21. O~~ani: 

Explosives: Applications !.2 ~ A.ru1 Aluminized Explosives (U) 
Chemistry Research Department, U.S. Naval Ordnance Laboratory, ·irr. 
Oak, Silver Sprin.i Maryland, NAVORD Report 6829, 8 Mar:h 1960. 
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APPENDIX E-3-B 

POLU-11 MODEL OUTPUT FOR OB TREATMENT 
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OPEN BURh---hHTERIHL DOES HOT DETONATE BEFORE RtACTIHG WITH AI~---
"ATER!AL:H720 HE 60;: MORTAR 
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PCT~SSIU~ SULFATE 
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Iii. Ii Ir. 

In ) IC ) 
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( ~ \ .... (K 
. OCSES .01 i I I 

BO.COO 70.000 60.000 so.coo 
20.000 30.000 40.000 SO.COO t.C.OCO 

---co~~USTIC~ CONDITIONS: THE MATERIAL AND AIR AR~ BURNED TOGETHER Ai !OCC.00 PSI---
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OPEtt BURtt---KATERIHL DOES HOT DETOHATE BEFORE REACTING WITH AI~--

"ATERIAL:~53 ILLU~TNATION 60 1; MORTAR 
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.0000 
('. l\ t .. ". 

• V\ol\/V 

. 000~ 

.0000 

{\ f'd'lt . ..,,..,..,, 

.000! 
Ot.r.' 

o \IV I 

f\f\r.1 

·"'"'"'' 
Cr. r. : . """'' 

.coo; 

.000 i 

. 00~1 

.0001 

. OOD i 

.ccoo 
C: ....... 

' \IV\/ 

f'o."' ...... f. 
• \/VVV 

ws .qo1 
2!Si.221 

. 280~ 

.6110 

.0002 

.occc 
f\ :'d\ j . ..,...,.., , 

.0001 

.0001 

.CCC! 

.CCC: 

.OOOi 

. 000! 
01\ t. : 

• ..,loll 

.CCC! 

.0001 

.coo : 

.COO ! 

.000 1 

.000! 

.CCO l 

.CCC ! 

149~.145 

2228 .260 
-01 ,,1 

···" • &. """ 

10 .~02 

79.614~ 

2. cl t,; 
23 . 0 l ~O 
0: .. : -:'' 
'"" ·""''"" .. 

.000? 

.0000 

.000 1 

.oco; 

.CCC! 

.000 ! 

.000 1 

.OCO! 

.OCC l 

.COCi 

.0001 

.COO! 

. CC~ ! 

.COO! 

.OOOi 

.CCC I 

.COO i 

1259.726 
1208.107 
-K61~ 

.CCCI 

.coco 

.0001 

.0000 

. coo:· 

.ooo: 

.COO\ 

.CCCI 

.CCOl 

.0001 

.ooo: 

.000! 

.CCCI 

.OCOI 

.OOC! 

.0001 

.000! 
e.35c5 

.OCO ! 

.C00 1 

955.484 
1260.472 
-58.997 
250.033 

-t.53.0~ 

716.854 
-42.222 
380.0il 

s~.zso3 

.0001 .OOCl 
23.540~ 23.5397 
!98.7~5! ~3C.163b 

.oooc .0000 

."'2835 • 0003 

.CCOi 

.0003 

.COO! 

.COC2 

.0001 

.0002 

.0002 

.0002 

.0002 

.~087 

.0002 

.0002 

.C002 

.0001 
.OOC! 
.0001 

.CCCI 

.CCC! 

Or.l\i . "'.., .. 
.0005 
.COC? 
.0003 

.0003 

.6911 

.OC03 

.0003 

.000~ 

.oon 

.oooi 

.0002 

.0002 

.ccoi 
ll.2491 

.oooi 

.coc~ 

10.COO 
90.0CC 

1oc.~ .1e5 

!UO PSJ---

1E5.923 
_ ,, , Vi 

4 ... '," 

769.952 

.OCOC 

.0006 

.C004 

.0009 

.0007 

.ooo~ 

.0001. 

.oooc. 

.0006 

.0001. 

.0006 

.oocs 

.coos 

.000~ 

.0004 

.oooz 

.0003 

.COC2 



:.;riu . Ut:UU .U\;\I\; .uu:.:v .U\JUU .uvuv .UUVi ·"""""' . VV\Ji .VUVl """""""""' 
C2H~ .0000 .COOO .OOCO .coco .cooo QM: 

• \olV I 0"'···: .COC1 QM1 .~i'', .''. 7 
• VVl • \,IV' .vvvw 

CkH .ocoo .COC0 CflM .COOO .0000 .coot .CCCl C·"\:'.1 f\.'\i'•,: ,"', f'u\: . vvv o VV& .vvvi .vwvw 

C2H2 .coco .coco .OCOO .0000 .cooo .0001 .0001 .OCOi .0001 ."' .. "'.t. 7 .vvvw 

H20J .coco .0000 .oooc .0000 .0000 .0000 .0000 .OOOi .COOl .~ ;\.~~ 
.vvv~ 

HO .0000 .0000 .0000 .oooc .0000 .COOl .0007 .OCCi .OCCI .COO? 
HO .0000 .0000 .0000 .0000 .0000 .0000 .OCOO .OCOl .0001 OM, 

, VWL 

CH~ .0000 .0000 . coco (lr.1\t • .0000 .0000 .0000 .OOOi .OOCi .0002 .vvvv 

0 .cooc .occo .0000 .OOCO OllM . vvv .0000 .0000 .0001 .0001 .0002 
HH .coco .0000 .COCO .0000 .0000 .COCO Qf .. ',f, . vvv .coot .0001 .coc2 · 
CH2 .0000 .0000 .0000 .COCO .ccoo .coco o;", ...... 0·"·" !" .~.~.~: .0001 • VV\ol , VV\ol .vvvi 

H .CCOC .COCO .0000 .0000 .0000 .0000 .cooc or.···'"' , VV\ol .CCC! QM I 
, VV& 

CH .oooc .OCOO .0000 .coco .coco .0000 .cocc .0000 .OOOi .COOi 
t .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .0001 
Cl. .CCOC .COCO .0000 .ccoo .0000 .0000 .coco .COCO .0001 .CCCi 
c~ . 0000 .OCCC . 0000 .coco .occc .0000 .occo QM .. ~ 

• \IV\ol .0001 .COOl 

---~~s; U • TOiAL CO~WSTTDH ;·RCDUCTS COH~!DEREG-- .. 

ca ~ c~ H2C tr· H'' ~HO r. K~C~ HH3 ~CH ~x t4H10 f•.aU'1 t,HCt ~HD~ . " ""~""' 

~. ~ Q l r.o 03 H" ~ ,.. :"t.:.:. C3H~ ·•1')"J 02 NtiC C2r.i (· ~i- HO CHO 1""')o.J ~ csr. u• "''"'""" riv1. "''"·u WI.II~ 

~?H :· Hi LI T HO H" ex~ c ~~ (·" " H CH k c , .. , f'r 

" \..114 ... ~ --~ 



OvEH BURS---MATERIAL DOES HOT DETO~ATE BEFORE REACTING WITH HIR--
r.ATERiAc:M49A~ HE 60 1~ MORTAR 

NITROCELLULOSE(12.6) 
HITROGLYCtR!n - HG 
DIETH YL PHTHALATE 
ETH YL CENTRALiiE-EC 
PCTASS!Ur. NITRATE 

-iG 

H c 0 

.008 .006 .C02 .OlC .COO .000 .000 .000 .OOC .000 .000 .COO 

.005 .003 .00! .009 .000 .000 .000 .CCC .COO .COO .000 .000 

.01~ .0!2 .000 .00~ .000 .COO .COO .OCO .000 .OCO .000 .000 

.020 .Oii .C02 .COl .COO .COO .000 .OOC .COO .000 .COO .OCC 

.CCC .OCO .OC I .00! .001 .COO .000 .CCC .OCO .COO .COO .DOC 

.COO .COO .006 .CO! .000 .OCO .COO .OCC .COO .000 .000 .CCC 

52 .150 
43.CCO 

'1 (\."'\!', 
We'1VV 

. lCO 
1. 250 
.000 

-625. 
-!92. 
-3i0 . 
-117 . 

-1163 . 

" ~. 

.0600 

.0(06 

.0~51 

.076~ 

.0000 

GRAr. ~TO~ AHOUHTS FOR MATERIAL wEIGHi Or 100 .000 l .0000 

:·. t, 258 7 l 

..: "." :, TC 
ft I • n, 1\ 

(C ) 
l.qi 6727 

IH ; 
i. OS392.! 

ICC.COO 
.000 

(O ) 

90.000 
I ·"· ,",/\!1 v . vvv 

(I. ) 
.Oi 2363 

80.000 
20.000 

70.000 60 .000 
Al', f\,\/", 
'"'"' .vvv 

50.000 
50.000 

~o.coo 

70.000 
20.COO 
Of; f\f\l\ 
uv . vvv 

---CG~8USTIC~ CGHDTT IOHS: 1 H ~ ~ATERIA L AHD AIR ARE BURHEG lOGETHER AT 1000.CO PSi---

iLA~:: TE M ~· . i (K ·: 
~LAM~ TE~P . i lt) 
EHTHALP~ ~CAL/CF~ 

301 7. 78~ ~Olv.ll l 301C.297 2993 .693 
JO 7"> c: 
~ '"'"·. u..1V 

2961. i20 
~e10.t.n ~719. 0l Z 

-2 1 .36~ -lt.02~ 

i70~ . 451 

~6C3 . 626 

-IC.6S2 

---CO~S LlST I O~ CO~GTTIONS: THt COHBUSTIO~ PP.ODUCiS FROM MATERIAL AND AIR Arith EXPAND!nG FROM !CCC.CO PSI TO 

iLA~~ TE !1 ~· . Tfr :: 
~~TH~ L~1 : ~,(A~/ ~~x 

: ,, :. : : : : , 7 : ~ n" 
I \Jr"lv-.w ,., I JI r I 

CD 
.. ·,;, 
11 1.U 

" . '" 

r.o 
02 

It~~ 
:· , ... 
wi.. l 1w 

:4;t.077 145 9 .~~e 146~.259 t468.3i6 1475 .90! 
2161 . ~~; 2167.42~ 2174 . 466 21B3 .S6S 2i97.22l 

t : c ; ... 7 
4..loUl'-W 

.~ha: 
• \IVVI 

.000 i 

.000; 

.CCD! 
,''\,'\ :". ~ 

• V\IV I 

Ct.t.: 
. "'""' 
.c~o: 

.~C01 

.0000 

.CCC~ 

.0000 

. 0000 · 

. 0000 

.COCO 

.0000 
.• .. • .. ,t. . vvvv 

i .OD ~-0~ 

. ' . ~ ,. 

'"' . uuvu 

.564; 

.coo: 

.000! 

.OOCi 

.0001 

.0601 

.000! 

.000: 

.OOCl 
,',.',!\.I 

· "'"'"' 
.0001 
,.,,, 

.vvvv 

.oooc 

.0000 

.0000 

. coco 
. ...... t . . ". 

• ••l\"'\Jv 

.0796 

Or .. ·.: 
• vv I 

.oco: 

.CO~! 

OM\• 
, VVI 

.CCO l 

.OCOi 

.0001 
.CCOi 
.COO! 
.C~O l 

.coc ; 

f\t,fl I 
• V\1\,1 I 

Ct .. \,\ 
. "'"'"" 
.ooc~ 

f,f' ..... t . 
. vvvv 

i\ ir. : 
. v' \/J 

,v.:.: 
o VI.IV I 

.0000 

.coo: 

.OOOi 

.COOi 
• COOi 
.coo; 
.OOC! 
.ooc : 
.OCCi 
. COO! 
.000! 

f\ :\,',: 
. vvvJ 

C,\M, 
. vvv 

.0000 
fl.V.t. 

• \Jwv v 

c.v.r. 

6S.CS30 

.2EC5 

. 61 i ~ 

.057 1 

.cooo 
1".f ;l\ 1 

, """'v' 
. VOOi 
.COO! 
O(\f, : 

• VV I 

.OCCl 

.occ; 

Of\:,' . ..,..,, , 

.CC~l 

.COOI 
Ct .fl\ . "'""'" 

.COO! 

.CCOi 

1~93. l~S 

.. ,., .. 
W o VIV • 

.'i/.:. l 
""'"'""• 

t .. '. .. : 
, vvv • 

. C0~1 

.0~0! 

"'"'"'' , .... .. 

lEOS.107 
... 7~. c I! 

O. : i. : 
o VV• 

.oco; 

. CO\; ! 

.cco; 

.COO l 
t.t .. \ 1 

• """"""' 4 
c • • • 
u • .:,~:,:, 

.OOCl 
l\,l\ ,•,j 

1260 . ~72 

-53. 9g-; 
~c r. r.' :-
.. Jv o VW.J 

652.47~ 

7lt..85~ 

-42.222 
~so. 011 

.C00i .0001 
~2.3406 2~.5~97 

.;)001 

.060~ 

(\f\f,; . ,,,,"'""" 

.0002 

.OOOi 

.cco: 
!'.I',!'. ~ 

. vvv1 

. 000! 

. . 0003 . 

f\l\/,C 
• VVIW'..1 

.000! 

.OOC2 
/\/\ /', , 

. "''""'"' 

. 691 1 
"·'" 7 .vvvw 

O,f\t. ; 
. ""'"' 
.OCC3 
.0002 
.OCC2 
.ooo:i 
.0002 
.0002 

6l.2Hl 
/\/\,\'\ 

. "'"""" 

IC.CCC 
..,"' ·"'· f' .. '\1\ 

"". vvv 

10oU85 
1~56.i33 

... : 1• 1 
... . w .. ' 

14.7C PSi---

358.513 
iS5.922 

~'o o:'l re, . ,..,,, 

.cooc 
. :-0006 . 

.0004 

.oooq 

. coo~ 

.0007 

.COOt, 

O.\(H . """''"" 
.0005 
.0005 
.000~ 

.OOOt 

.0002 
ll7 .004l 

.0003 



CHO .0000 .OuOO . 000\i .uvwv .uu~v . i.i\.ii.il 

CiH~ .0000 .0000 .0000 .0000 .0000 .0001 .0001 011.~; ,"',,'\,"', ~ 1\ 0'. t . :" 
• \/V1 . ""'""'- • \/V\il'"' 

CHH .0000 .0000 .0000 .coco .0000 .0001 .0001 -~ -~.~: ,"\1\.'\ I f:t\,·\ ~ 
. ""'\I"'' .\lv\11 . \l\l'Wo.J 

C2H2 .0000 .0000 .0000 .0000 .0000 .0001 .OOOi l\f.,·\; .coo; ".''..'~ ':' 
·"'"'"' ·""""' 

H20r .coco .0000 .coco .0000 .0000 .0000 .COCO .OCOl .CCCI f\t1\') 
.vi.II"" 

HO .0000 .0000 011.· .. ~ 
• \1\1\I .cooo .ooco .COO! .ooo: .OCCl .0001 .0002 

U:'"; .cooc .0000 .coco .COOO .0000 .coco .cooc .0001 .0001 .ono2 loV 

CH~ .0000 .0000 .coco .0000 .0000 .0000 .0000 .0001 .cool .0002 
0 .0000 .0000 . cooo .~Ill\/\ .COCO .coco .0000 .0001 .CCC! .0002 ,IJ\1\1\I 

NH .0000 .0000 .coco .COCO .0000 .0000 .0000 QM" . · .. nd .0001 .0002 
CH:· .0000 .0000 01\1\f. 

• \1\1\I 
OM .. •. , \JVV .0000 .0000 .coco .0000 .0001 .0001 

H .0000 .0000 .0000 .COCO .0000 .OOOC .0000 QM.~ .CCCi 1111.~1 
• \1\1\I ·""'"'' 

CH .0000 .0000 .0000 .0000 .cooo .0000 .0000 .0000 .0001 .0001 
c .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .COO! .0001 
C& .0000 .0000 .0000 .0000 .oooc .ocoo .0000 .COOC .CCC! .0001 
c~ .COCO .OOCO .0000 .0000 .0000 QllM 

4 \IV\I .coco .0000 .COO! .OOOi 

---L!ST Or iOTAL COH~U~TIO~ PRODUCTS CONSTDEREt; ...... 

c~ , co H20 H, L1'1 ~HD 'f"Jf\'I H" . Y.Cll Y. H C4Hl0 C~HS iHO~ K"ll• V < . ... H4UU' r..;, ri ... ,.,, 

~;riQT rn c~ HC 2 C3H8 C~HC. W''' C2 HHO C2il6 CX20 HQ CHO "'):J J CNH ... \.. .. 11.., 
... , ~ , P.2QT Hr· HG CH~ e s~ 1" U~ h er: r. c c~ Ci ""~ "" •V " ""'II L 



O~EH BURN---MATERIAL DOES NOT DETCH~TE BEFORE RE~CTING wiTH Aik--· 
MATERIAL:MSOA3 T? 60 ;: MORTAR 

HfTROCELLULOSE(12.6 ) 
NITROGLYCERIN - NG 

ETHYL CEHTRALTTE-EC 
roiASSIU~ HITRAiE 

W: 
,,, 

-11. 

H t H 0 

.008 .006 .002 . COO .COO .000 .000 .COO .COO 0 1.~ 
• 1V 

/\M . 
•\/\IV 

. cc~ .CC~ .CC3 .009 .COO .OCO .CCC .occ .COO .000 .coo .COO 

. 01~ .01~ .COO . CO~ .COO .COO .COO .000 .000 .000 .COO .CCC 

.020 .011 .002 .001 .CCC .COD .OCC .000 .COO .COO .COO .COO 

. COO . OCO . CC l . 003 . CC l . 000 . COO . DCC . 000 . 000 . COO . 000 

.COO .CCC .006 .COi .COO .COO .COO .000 .000 .000 .000 .000 

~R~~ ATC~ A~CUHTS FOR MATERIAL aEIGHT OF 100.0CO 

(r.': {C) { H~ (0 ) (:~} 

2. 625&7~ !. 916727 l.05~92~ ~.69273~ .0!2363 
~ ;. r.~TER I A L 

? L ~~t TE~ ~ .. T{ F} 

~hTK~L P~ ~~~L ! GFW 

106.000 %.000 
.000 

3Ci7.73: ~0!6.!ll 

eo.ooo 
~f. /\ /\;', 
'-\1.\1\1\1 

3C10.297 

°':;"'. t .. ", /\ 
' .... vvv 

~0.000 

- 7-: :oc 
.JI .oJYU 

60.000 50.000 40.000 
40.000 50 .000 £0 .0CO 

2~~1.120 287l.89~ 2667.465 
~SI0.~17 4719.013 4342 .036 

3.COO 
: 11.·. . uvv 

.000 

ZC.000 
70.COC 

22.~3.009 

3596.017 
-lc..023 

-625. 
-392. 
-810. 

-l ll5. 
0. 

.OlCO 

.0578 

.0~06 

.om 

.076~ 

.0000 

1.0000 

20.000 
eo.occ 

170~.~59 

26C5.62l 
-10.632 

IC.COO 
90.000 

106USS 
145t..!ZZ 

-5.3~ 1 

--- co~~~s;:o~ COHQI7IOHS: TH~ CO~BUSTIO~ PRODUCTS FRC~ MAiERi~~ AND AiP. HFTER EXPA~CinG FRO~ 1000.CO PSi TO 14.70 PSi---

: . ·.·. :: ~ .'. ~ : 7 ;, " 
I Ul'\oJi..W ,., 1 .... I ( ' 

\':.: ."". 
.... u 

r.~ 

:.~~l 

: . : .: ,\ ";; 
I .. .,IV. \I I I 

: : : ! 
•-'""'I .. 

.'\."',t: 
'""""""• 

! . . ,, .. , , 

•""""""' 

r.t ... ' 
.1,,, ...... , 

.... \.~ .. 
. ...... v ... 

. 0000 

t . . ' .. "'.:\ 
• V""'\IV 

.OOOi 

,',/', : \ : 
. \1\1\1 1 

."..\ .'\! 
• \l\lv I 

.CCC 1 

.0001 

.0000 

t .. · .,, ... 
• \ivV\I 

,', /\ ."'. /. 
• \.IV\IW' 

.079~ 

.OO~i 

. 000! 

.CCOi 

0/1(\! 
' V\I I 

. CO~ ! 

.000 i 

.O:J0 i 

U 
• • •. f.t. 

. """"" 

!~6S.3ll 1~75.90 1 

ll ! .525 126.555 

.0001 

.OOCl 

(\t.!'. l 
o \l\IV I 

.\ fl ,'. . 
, Vvv1 

.000i 

.OOOi 

.000 ; 
Ot .M. . """"' 

~ 'i '",OJ-: 
• 4. LV .. ' 

. ~ ! i0 

.0001 

. 000! 

.OCJ! 

.000i 

. coo~ 

. COOi 

.0:;01 
f\ /\f\ I 

, VV\I & 

.vOOJ 

.COO! 
f,l\f'. 1 

·"""' 
.000! 
.COO l 

."' . • "' .. •• t , \Iv.., I 

1~9~ . 1~5 

2228.260 

lt7 .6C2 

~.0167 

O :c~ . ""'' 

. 02% 

.cccc 

.ooo; 

.COO! 

.ooc; 

.0001 

.CO~ ! 

.000! 

.000! 

.OCCJ 

.OOOi 

.0001 

.000! 

.CCOl 

.OOC ! 

. 0001 

.COO i 

.COOi 
."'. !-•.. : 

1259 .726 
1808.107 
-kl!~ 

IS5.04i 

c .l -:: :~ 
v.,. "'""""'' 

.0000 

.OOCi 
(\ .~ (\~ 

. vwv ... 

.0000 

.coo: 

.OOCi 

. 0001 

.OCO! 

.COOi 

.OCO! 

.OCOl 

.COOi 

.0001 

.OOOi 

.ooc; 

.COOi 
B.356~ 

.0001 

.000 1 
t .t.:, : 

-5~.997 

lSZ.474 
7 lt..854 
.. J '": "')"')"') 
~". ~ .. " 

. CCC l . COO i 
i2.54C6 2~ . 5~97 

19B . 7~5~ Z~C . 1~~6 

zse.su 
185.923 
-2c2~2 

769. 9~2 

.OC03 

.CC~C· .OOOC .OOCC 
. oooz--:0001.-

.OCCi .OCC2 .0004 

. 0003 . coos . 0009 

.COO! .COOl .0002 

. coo~ . ooc~ . oco i 

.CCOl .C002 .000~ 

.coo2 .0003 .occi 

.C002 .C003 .0006 

.0002 .rn 1 .6esi 

.oco~ .0003 .cooc. 

.4087 .0003 .0006 

. 0002 . 0003 . CCOl 

.0002 .0002 .0005 

.oco2 .coo2 .coo~ 

.OCOl .0002 .0004 

. 000 ! . 0002 . 0004 

.COO! .C002 .0003 
25.9952 li.2491 167.0046 

.000! .0002 .0003 

.OCOJ .0002 .0003 
f\t, ,•, 1 



CH ~ .0000 .0000 .iJUUv . \i V\JV 

C·7H~ .0000 .ccoo .0000 .ocoo .0000 .ooo: .ooo : .000! 0'' ''' • VV ! .vvvv 

CN r. .0000 .oooc .oooc .0000 .0000 .0001 .0001 .0001 M\,\1 (\tll\ :-.vvvt . """"""""' 
C2 Hi .0000 .0000 .0000 .0000 .0000 .0001 .OOCI .OOOi .OOOi .coo~ 

H20T .COOO .0000 .0000 .0000 .0000 .0000 .0000 .0001 .COO i QM·"; 
• \l\IL 

HO .0000 .0000 .0000 .CCOO .0000 .OOOi .0007 .000 1 .COO i .0002 
HC .0000 .0000 .0000 Or.t.r. 

• \1\1\I .0000 .0000 .0000 .0001 .0001 .0002 
c··· r,, .0000 .0000 .OOCO .COCO .OOOC .0000 .0000 .0001 .0001 OM':'l 

• \l\IL 

0 .0000 .cooo .0000 .0000 .COCO .0000 .ococ .OCOl .OCOi .0002 
HH .0000 .0000 .OOCO .COCO .0000 .0000 .0000 .0001 .CCCI .0002 
CH2 .0000 .coco .0000 .0000 .0000 .oooc .cooo .ocoo .COO! .CCOi 
N .0000 .0000 .OOOC .COCO .oocc .0000 .0000 .0000 .OCO! .COO! 
CH .0000 .OOCC .coco l\t\ l\ t, 

• \1\1\JV .ocoo .oooc .0000 .oocc .OOC l .OCO i 
c .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 .0001 .OOOi 
t'· r .COOO .ocoo .COCO .0000 .0000 vu .oocc Qflfl t , 

• \1\1\I .coco .COOi .000 1 
C& .0000 .0000 .ccoo .coco .COCC .0000 .0000 .coco .0001 .COO! 

-·-LIST OF TGTAL COr.BUSTICn PRODUCT S COHSIDEREv---

CD~ cc H20 H2 H2 Y.HC ~ 20 ~ " ~ ~ ..... Y. CN KH cmo C4H2 KHOL ~HD~ 

KHD• ~o G2 N02 C3HS C3H6 Hll'I 
U4 c~ NHO C2H6 CH20 HO CHO C2H~ CltH 

~?~ 2 ii2Q T ..... r. ·~ u CH~ 0 Hr. ci.:'• ... CH H c C& C& 



:PE~ eURh---~~TERIAL DOES HOT DETONHTE BEFORE REACTJHG WITH H!fi---
1ATtP.IA L :~362 HE Blm• HORTA?. 

, JTROG~YCtRIN - HG 
~THY~ CENTRALIT~·EC 

MIU:-: tiiiR(;TE 
~OTHSS!Ur. ri!TR~TE 

CARBCh IGAAPHITEI 
-IG 

H 

.008 .006 .002 .OlC .000 .OCO .OCC .000 .COO .COO /\,",!\ /', ,"\ !', 
• \1\1\I .V\1\1 

.005 .OC3 .OC3 .009 .OCO .COO .000 .000 .000 .CCC .000 .CCC 

. 020 .c:: .002 .001 .OCO .OOC .CCO .000 .000 .CCC .000 .000 

. 000 .000 .002 .006 .000 .001 .000 .000 .oco .oco .ooc .000 
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LAB SAMPLE ID 

~.S.M.A. W~5t~~int 

.~ ... ~ . Y! .~ ~ r j ;, i:_: ,? 1 .. 

,lf fl.£!! -EL' 
w~~tpn int~ NY 1099 ~ 

T r? t. ~ ... ,; t - ,:., •
1 ' ~ r ( ; 1? t: h An I? 

Ch l ;, r :) b r. n z FJ n P. 

l,4-[/i~~l~rohPnZPlie 

L' i n IJ 1 r; .'-J I 0 r i rf •? 

7,1 -n ich l n roethene 
::hlc1r ,')form 

r~r~nn T~tra~h/oridP 

7 ... ~ - .'7 i ..... . ~ I . 1 r. _..., ,~ I: h r7 n 1:l 

.'of >? I". •l i r_} J ,, t. hy I !.\ f? I" . • }]i ;> 

t'Ll 
ENVIRONMENTAL 
SERVICES 

SAMPLE SOURCE 

ORIGIN 

DESCRIPTION 

SAMPLED ON 

DA TE RECEIVED 

PWS ID 

An .. ~?~.:'~:-. 

PC 

r ,·; n r 2 ~ t . .... ·' t. ; .-. :; 

ND <n. n:; 
NtJ.:0.02 
ND ,. n. n:; 
ND(().n?. 

no<n.n:: 
ND<O.n?. 
ND<n.n2 
ND <0 .0 2 
ND<n.02 
no:n.n:; 
N.'"J<n.zn 

. - ... -~ -
· - · ~ .... ~. ! . • : 
. ! ~-- !' 

.Pag.:' .1 

DATE Nov 1 2 .· 1 '.19 1 

: ~EST [JU,t; FR0.'1 (;UN F'Olt!rlf,R 
: 4n .qr, t t i.;) 'Tc - ·.~"Ji 
: ZHF. EXT.f(ACT 

, 

: 10/?.S/'?1 
: 11 /n4/ .91 
: Contract # DAAG6IZl-91-M-7362 

Date 
Ana l y;:erl 
11,11n191 

flnit.; 

mg/[, 

miJ Ii 
mg!L 
mg/ f, 
m1JlL 
mg!L 
mg!L 
mtJ Ir., 
m2/L 
mg/L 
rnq/ L 

nott?/:;:)(ll; 

R e f 2 t· .:: r. ·~ ~ 
.9 I - 2 2 q - !) S 4 

1 
1 
• .J. 

1 
1 
1 

~ nr 1uestians r•gJrding this report . pleas• call Jad ask for Lindi Sboewaker 1 !anager. rustoaer/Tecboical Seryicec. 

~he reoorted concentrJtions .ire those in the leacr~ultina 
fro= t:'ic ertraction procedure. This 11•terial .J< ~toxic- ,.:_p?:.:o v ~::: ?. Y· 

according to EPA 1311 for the listed inalytes. 
r. r. : 

T1 w m for:>:a:i fJn in tnis reporr i:; acc1.;r::te ro the /Jf:s< 1)f uur "r.o ·,.•l(:cge and cJ :J1ii ry . In no evenc shall cur !iabilicv L':(l::~ec 
:,-., , ;e::.r a· :n e::;e st.>rvices. 'lour s;;n:p/es .1111// t r: a.sr:2r:1<:r. ,: f : ,~r : .:; c a \·s c.·nt~ss v.'e drP. adv ised otht:rw1se. 

c .~ LAB 
:: ;::!=l 1 Pn 

NJ LAB MA L .~E 
nRtr.11\11\1 

RI LAB EPA LA6 .. 1·. I -
1\ I,/ _,.....';" 



LA B SAMPLE ID 

U.S.H.A. Westpoint 
R . E • vJ a r r i n g .er 
MAEN-EV 
Westpoint,. NY 10996 

ANALYSIS 

urnoo a210 

Pyridine 

1_.4-Dichlorobenzene 

o-Cresol 

i_.p-Cresol 

Be1achloroethane 

Hitrobeozene 

Hezachlorobut~diene 

2_.4_.5-Trichlorophenol 

2_.4 ,S-Trichloropheool 

2, 4-0 initrotoluene 

Berachlorobenzene 

Pentachlorophenol 

4086 2 

R~_SULT 

ND<0.1 

HD<0.05 

ND<0.1 

H0<0.1 

N0<0.05 

ND<0.05 

ND<0.05 

NO(O .1 

il0<0.1 

ND< 0.05 

H0<0.05 

Y0<0. 2 

.r Ll 
ENVIRONMENTAL 
SER V ICES 

SAMPLE SOURCE 

ORIGIN 

DESCRIPTION 

SAMPLED ON 

·-DATE RECEIVED 

PWS ID 

: 

: 

: 

: 

: 

: 

DATE No v 18.. 1991 

RESIDUE FRO~ GUN POWDER 
40861 
TCLP EXTRACT 
1012S/91 
111041.91 

Contract # DAAG612l-91-M-7362 

UH ITS OATE AHA~YSlS OOHE SY 

11gll 11111191 LAB ID 10145 

;ig/l 

•gll 

14g/J 

11g/J 

1'g!l 

;tg/l 

rig fl 

;ig/J 

;ig!J 

ig/l 

;ig/l 

For questions regarding this report,. please call and ask for Linda Shoemaker,. 
Manager,. Customer/Technical Services. 

cc 

Th!:: 1n tor1n:?11r; .'' 11 £/'us "&.r.,~or; .·s c; 1:.::.:...'.·:1tr: !·:> ;11e ~if.f ~: :;f r;u1 J...,-:.-; 1i\· 1~t}.r;r,1 an c. ~::~·,, ,. ! : . · .... --: ·1 ~11,· :i1i.::.i.1 :.1ur i:iJ!Jt :: !)' ex(.2'':~· 

:.'1r: :..· u.<..t c.' :i: e,~· A !;'r.J ' 1/·1c::~. f O!.Jr :;.~ · ! 1p/c.<: .,I\,/// ~r: ,1/1;r:arc·2n ,1r:f!r :~ da'.·::: :J" :n~::.. . ·.1<- . ·t ·" ::::~1: . ~1=1 i ">ft 1 ~ 1vc 1 ,;.: ~ . 

Y LA8 
10252 :: 081 SC ORIGINAL •• • ~ t .') 

! 
I 
I 
I 
I 
I 



LAB SAMPLE ID 40852 

U.5.M.A. We~tpoint 

R.E. Warringer 
XAEN-EV 
Westpoint~ ·NY 10996 

Analusis 
Perfor.11_ed Resuj t ... ___ [Dj_ts_ 
Arsenic XD<1.22 11glL 

6.ir iu11 0.040 1glL 

C.id1iu1 0.134 1g/L 

Chro1iu11 !ID<0.300 11g/L 

Lead 497 -:ig/L 

Kercury liD<0.02 "RglL 

Seleniu11 RD<0.700 ig/L 

Silur liD<0.060 11glL 

ENVlRONMEt'ffAL 
SERVICES 

SAMPLE SOURCE 

ORIGIN 

DESCRIPTION 

SAMPLED ON 

DA TE RECEIVED 

PWS ID 

8.ir j llUll Oat~ 

DA TE Nov 14 .' 199 1 

lotebook 
Coptd_11 i Dai!.t L~vef _ _An~ l!!]_ed .. . . . ~et~o4 .~ef e.rence 

5.0 11111191 EPA 6010 91-230-3 

100.0 11111191 EPA 6010 91-230-3 

1.0 11111191 EPA 6010 91-230-3 

5.0 J 1111191 EPA 6010 91-230-3 

5.0 11111191 EPA 6010 91-230-] 

0.2 11106191 EPA 7470 91-081-11 

1.0 11111191 EPA 6010 91-ZJO-J 

5.0 11111191 EPA 5010 91-230-3 

The reported c~ntrations are those in the leachate resulting fro• the extraction procedure. 
This 1ateria~1--iS NOT toxic according to EPA 1311 for the listed •nal~tes. 

ir questions 

cc : 

- " r ... -. 

reg.irding tbis report, .oleHe c.ill and ask for Linda Sho111aker, Nanager_. Custo11erlTechnical Senices~ /--_ 

r •""L):l_• . ::: '·1 •, - ···---~~~-- - ··-r -;o . .;..•_,,.,-;;i ~ 1\, .:.C:~~ 

:: •, . "~ ... 
- •~ r-. C 

.~ ·.:8 so 
:,f :- ' " .... _r•:::. 

~ ''· .. ( ... , .... . -

• . ~ / \'. -: :. [" .· ..... -:: ... , ·: ·1~. 7 ~· ( ;1 ~ t:.· : t ..... ... -!t:.. 
f) o" · ~ 

ORlt::ll\11\1 

. ' 



r. . - . • • 

LAB SAMPLE 10 4 ().CJ F. ]. 

1/.5.~.A. W~st point 

R.E. Warringi?r 
MAEN-EV 
We stpo int~ NY 10996 

Analysis 
PP.rf1m12d .~esult 

TCLP Extr•i:tion 

ZHE Ertraction 

: Total Solids 100 

Uoits 

Dercent 

£Ll 
ENVIRONMENTAL 
SERVICE S 

-. . SAMPLE SOURCE 

:- ?·_,_ .-: ·. ORIGIN . 

~·~ '.DESCRIPTION . -> 

,.... 0 · SAMPLED ON · 

:-....·: DATE.RECEIVED 

0dte 
An•l!Jzed 
11105191 

11106191 

11105191 

~ .. --... :· ,_:· ;~ . . 

DATE Nov 7 .• 1991 

Notebook 
~eth1Jn rP.f ~re nee 
EPA 1311 91-158-119 

EPA 1311 91-111-25 

EPA 1311 91-158-119 

:rn r~ .·ntor:-11!Jtion in this tepc rt :s :1c:;urc.re !O rhe t;esr ni CLt ~nu•,, .. 1 1~· . .J-".i :~ .·:.' :L· . ·· : , .':' ~ · :.1 1 ~:.J ..:..._·d·r,: sn:J/.' o'-'r i12bii1tv e.\ · cr: ~ ·: 1 

rht; cos: of :hes& services. 'r'tJur samples 'Nii! be .:/i.·;,7:i r r!P.c: .ifter : .t: cl.7•:S tm:e:ss we .1 r2 ::11:iv1sed .-;r/;t"rvv•'.<;c:. 

:JlA LAB 
10252 ;; 68i80 ;t 73i68 ;; AA00004G ORIGINAL 4 ,..,,,.. , • . ....... . 
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BURN ASSEMBLY DRAWING 
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Cl lfllT 

GD ~~~f Po~omla~ 1 oArr 

{ASS[IJBL Y) 
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A ·-"'" 

USMA 

JULY 8, 1992 
&61 ANOERSDI DRIVE 
PlnSBURGH, PA 15220 ACFILE NAU( 

3N 87~P APER.DWG 

'·,~, 

'· 
COtllRACT 

3N87 

SHEET 1 or 6 
REV. 

0 

BURNING TRAY ASSEMBLY 
FOR PROPELLANTS 

UNITED STATES MILITARY ACADEMY WEST POINT, NY 



/ " • : ...... . 0, \'~ ,...,, Ll\ , v "v 11 I U/\IJ. Mh \lh,....,J , 

llOTES: 
I. l.IATERIAL STEEL PLATE ---- . -~----~ 

~'-- ~ 
// ·"'-," ~~ 

' x-~---~ / -., r· , 
~~- ./ ~ ~ --~ / , --, 

' ""' ,. ~ ~'{ _> 
·~ ·· ~ 

UR HALllBURTON NUS 
~~ Environmental Corporation 

661 ANDERSOI DRIVE 
Ptnse•JRGll, PA 15220 

'< -....0· 

CtlElll 

USMA 
DATE 

JULY 8, 1992 
ACrJLE tlAME 

3N87\PAPER.DWG 

COtlffiACT 

.3N87 

SHEET 2 or 6 
REV. 

0 

L r- o· 

. BURNING TRAY 
FOR PROPELLANTS 

UNITED STA1ES MILITARY ACADEMY WEST POI NT, NY 



UOTES: 

.. ~·u. -'"UI \I " r t.1' .U"'-' 7/0/92 .. 

1. MATERIAL, STEEL PLAT£ 

µu (OURtllllG) 

T 
J' 

_________ J_ 
[ io· 

I 
I 

------------ 11'-10· L 5
• 

@D~~JP~JW~ 
ISIS1 ANOERS£N ORI~ 
PITTSBURGH, PA 15220 

CLIENT CONTRACT 

USMA 
DATE 

JULY 81 1992 I SHEET 

ACfll£ NAME 

JN87~PAPER.DWG 

3N87 

INTERIOR BURNING TRAY 
3 Of 6 

J REVO 
UNITED STATES MILITARY ACADEMY wEST POINT, NY 



· \ 
\ \.. U I H ... t1 C. I L J 

··. ·.) 

20·-o· 

NOTES: 
1. MATERIAL, COllCRETE 

~~~~~~~~~~~-~~~~--~~~~~~~~~~~~~~~~~~~~~~--. 

I· ,,._,. . I '·· 

CLIENT CONffiACT 

1~HAT.T.mURTaN NUS 
~gr !'nVlTOnmenW .c!ryoration • oA n: 

USMA 3N87 

tlt\1 AN0£RSrn ORI~ 
PITTSBURGH, PA 1.5220 

JUL y 8, 1992 I SHEET 4 Of 6 
ACfll.£ NAlJE 

3N87\PAPER.DWG 
I REVO 

CONCRETE PAD 

UNITED STATES MILITARY ACADEMY WEST POINT, NY 



''.J: Jtl67 \ PAPEn.OWG 7 /9/92 

tlllES : 
I. tlAlERIAl. All.HltlJi BAA P{O 6001 · 16 CJl f(lJAL 

GD ~~~~tR~o~Wa~ 
681 ANOERSEll DRIVE 
PlnSBURGH, PA 15220 

UB (llAtlUL() 

. r /: ,,,,_• ii 
~ J. 
I . L ··-I 

~ 1.·• i 

( I / i ) 

CLIENT COllTRACr 

USMA 3N87 
OAIE 

JULY 8, 1992 SHEET 5 Of 6 

BURNING TRAY 
COVER HANDLE 

JN87\PAPER.DWG 
l REVO ACfllE NAME 

UNITED STA1ES MILITARY ACADEMY WEST POINT, NY 
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I I .-- :~!~L 9/)/ llfll.I Al PILOT 10.E 
,. 1 L::AtlOllS 110 J:1SlAll S5 

v:(OJ 70· nJ vEtS EACH s:r:: 
··./ 

40 44 

I 
I ! 
I I 

' . i ! 
;-----___:_: : I ! l .. .. · 1__J I I 

- H I 

I. . I . , ·- !-, __J.,0"' 
i 
\ 
L- CJI!~~ 9/3/ "lfllt Al PILOI IUc 

LOC!ll()IS 11() ltlSIALL 31 
HSC'0470· RJVEIS EACH Sill' 

Cll(llT 

~D ~~~lPo~o~~~ OAT£ 

USMA 

1!61 ANDERst:N DRIVE 
PtnSBURGH, PA 15220 
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APPENDIX F-1 

USMA FIRE DEPARTMENT EQUIPMENT LIST 



COMPARTMENT 1 

COMPARTMENT 2 

COMPARTMENT 3 

COMPARTMENT 4 

COMPARTMENT 5 

COMPARTMENT 6 

., 

Continued 

ENGINE 1 - INVENTORY 
1000 GPM PUMP 

1 - 6" Hard Suction Strainer 

2 - Hose Straps 

1 - Manhole Hook 

2 - 4" Spanner Wrenches 

2 - 2-1/2" Spanner Wrenches 

1 - Hydrant Wrench 

1 - Rubber Hallet 

1 - Air Pack 

1 - Manhole Hook 

1 - Wire Cutter 

1 - Bolt Cutter 

1 - Underground Hyd Wrench 

3 - 2-1/2" Dbl Females 

2 - 2-1/2" Dbl Hales 

2 - 2-1/2" Nozzles 

1 - 1-1/2" Nozzle 

1 - Bressnen Distributor 

1 - Chimney Nozzle 

1 - Master Stream Set (Straight) 

4 - Air Pack Bottles 

1 - 4" Stortz to 2-1/2" Gated 
Man if old 

4 - 1-1/2" Dbl Males 

5 - 1-1/2" Dbl Females 

1 - 50' Section 2-1/2" Hose 

1 - Smoke Ejector/Adaptor 

1 - Ejector Hanging Bracket 

1 - Triple Twist 
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ENGINE 1 - INVENTORY 
r~ 1000 GPM PUMP 
l . 

COMPARTMENT 7 1 - Standpipe Pack 

1 - 2-1/2 Gal. AFFF Ext. 

1 - Box Road Flares 

1 - Sprinkler Kit 

1 - Closet Hook 

1 - Hose/Air Inflation Device 

COMPARTMENT 8 1 - Standpipe Adaptor Bag 

1 - 2-1/2" Gal. Water Ext. 

1 - Dry Chemical Ext. 

1 - 10 lb. co., Ext. 

1 - Tool Box 

1 - 50' Utility Rope 

COMPARTMENT 9 1 - 5 Gal. Can of Speedi Dry 

2 - 5 Gal. Can of AFFF 

1 - Foam Eductor 

1 - 4" Hose Roller 

Dated: 9/18/90 
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ENGINE 5 - INVENTORY 
1000 GPM PUMP 

REAR MIDDLE COMPARTMENT ABOVE WHEEL 1 - 2-1/2" 250 GPM Variable Nozzle 
WELL 

2 - 1-1/2" 250 GPM Variable Nozzle 

2 - 2-1/2" x 1-1/2" x 1-1/2" Gate 
Wye 

3 - 2-1/2" Double Female 

2 - 1-1/2" Double Female 

1 - 1-1/2" Double Male 

1 - 2-1/2" 1,000 GPM Variable 

1 - 2-1/2" Celler Nozzle 

1 - 2-1/2" x 1-1/2" Female to Male 

2 - 2-1/2" Double Males 

1 - 1-1/2" Akron Pistol Grip Home 
Hade Nozzle 

TOP COMPARTMENT REAR OF PUMP PANEL 1 - 4.5 Scott Pak 

1 - Lifeguard 

BOTTOM COMPARTMENT REAR OF PUMP 1 - 4" to 2-1/2" x 2-1/2" x 2-1/2" 
PANEL Manifold 

l - Wooden Wheel Chock 

1 - Hose Roller 

1 - Hydrant Wrench 

1 - 100' 3" Hose 

LEFT FRONT COMPARTMENT 2 - Spanner Mounted on Interior of 
Door 

2 - 4-1/2" Female x 4" Female 

1 - 4-1/2" Intake Cap 

1 - 2-1/2" Female to 2-1/2" Male 
Gate 

1 - 1-1/2" 250 GPH Variable Nozzle 

2 - 1-1/2" x 1-1/2" Double Female 

1 - 1-1/2" x 1-1/2" Double Hale 

3 - 2-1/2" DFM 
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ENGINE 5 - INVENTORY 
1000 GPM PUMP 

REAR STEP AREA 

HOSE REEL COMPARTMENT 

LEFT REAR TOP COMPARTMENT 

LEFT REAR LOWER COMPARTMENT 

FRONT RIGHT COMPARTMENT 

Continued 

1 - 2-1/2" Gallon AFFF Ext. 

1 - 2-1/2" x 1-1/2" x 1-1/2" Gated 
Wye Mounted to Discharge #7 

1 - Canvas Hydrant Bag Containing: 
• 2 - 4" Spanner Wrenches 
• 1 - Hydrant Wrench 
• 3 - 4" x 4" Stortz 
• 2 - Hose Straps 
• 1 - 18" Pipe Wrench 

1 - Short Spade 

1 - Hose Reel Manual Crank Handle 

1 - 1-1/2" Variable Nozzle on 200' 

1 - l" Booster Line 

1 - Hose Clamp Mounted 

4 - 4.5 Scott Bottles 

1 - Adjustable Rod for Hanging 
Exhaust Fans 

1 - Electric Reel 

1 - Extension Cord llOV Twist 

1 - Exhaust Fan (Electric) with 
Twist llOV Plug 

1 - 110 Standard to 110 Twist 

1 - llOV Twist to 110 Standard 

1 - Electric Junction Box 

1 - 5/8" Line 

1 - 1/2" Line 

1 - Blue Tarp 

1 - Box Containing Sprinkler Heads, 
Clamps, Chocks, and Various 
Wrenches 

1 - Canvas Bag Containing Lineman 
Gloves 

1 - Wooden Box Containing Flares 

1 - Burlap Bag Containing Hose 
Inflation Equipment for Water or 
Ice Rescue 
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ENGINE 5 - INVENTORY 
• ,.--\ 1000 GPM PUMP 

MIDDLE RIGHT COMPARTMENT 1 - 15 lb. co? Extinguisher 

1 - 2-1/2 Gal. AFFF Ext. 

1 - 10 lb. Dry Powder Ext. 

1 - 2-1/2 Gal. Pressurized Water 
Ext. 

1 - 2-1/2 Gal. Biosolve Ext. 

REAR RIGHT COMPARTMENT 1 - Portable O? 

1 - First Aid Kit 

1 - Ambulance Bag Kit 

1 - Bottle Oxygen 

1 - 5 Gal. Can Speedi Dry 

MOUNTED ON RIGHT SIDE 1 - 16' Extension Ladder 

1 - 12. Roof Ladder 

1 - Attic Ladder 

' 1 - 12 I Pike Pole 

1 - Sheet Rock Hook 

FRONT BUMPER AREA 1 - Stortz 4" to 4-1/2" to 4-1/2" x 
4" 

1 - Stortz 4" on Intake 

1 - Pony Length 4" with Stortz 
Couplings 

1 - 4" Spanner 

1 - Rubber Mallet 

l - Hydrant Wrench in Tray 

l - Hydrant Wrench in Holder on 
Bumper 

BEHIND CAB JUMP SEAT AREA/DRIVER'S l - Scott Pak 
SIDE 

l - Lifeguard 

l - Hand light 

1 - Flat Hand Ax 

1 - Haloqen Tool 

1 - Standpipe Pack 

Continued Page 3 of 5 



:\ 
i ' 

ENGINE 5 - INVENTORY 
1000 GPM PUMP 

BEHIND CAB JUMP SEAT/PASSENGER SIDE 

CANVAS BAG CONTAINING STANDPIPE 
TOOLS & FITTINGS 

1 - Scott Pak 

1 - Lifeguard 

1 - Handliqht 

1 - Pik Head Ax 

1 - 1-1/2" Adjustable Nozzle 

2 - 1-1/2" x 1-1/2" Reducer 

1 - 1-1/2" x 1-1/2" Double Female 

1 - 1-1/2" x 1-1/2" Double Hale 

2 - Standpipe Wrenches 

2 - Brake Light 2-1/2" x 1-1/2" 
Reducer 

1 - 14" Pipe Wrench 

1 - 1-1/2" Female to 1-1/2" Hale 
Reducer - Brass 

1 - 2-1/2" Female to 2-1/2" Hale 
Reducer - Brass 

2 - Spanner Wrenches 

1 - 2-1/2" to 1-1/2" x 1-1/2" Gated 
Wye 
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ENGINE 5 - INVENTORY 
1000 GPM PUMP 

FRONT LEFT COMPARTMENT 

' 

CAB AREA 

HOSE BED AREA 

Dated: 05/15/92 · 

2 - 2-1/2" Double Female 

1 - 2-1/2" Male Cap 

1 - Hack Saw 

1 - Closet Hook 

1 - Ripping Bar 

1 - Large Bolt Cutter 

1 - Manhole Hook 

1 - Gas Shutoff Key 

1 - Hydrant Ratchett Wrench 

1 - Hydrant Wrench 

1 - Rubber Mallet 

1 - Wire Cutter 

4 - 4" Spanner with Mounting 

1 - Spanner 

1 - Double End Box Wrench 

1 - Tool Box Containing 
1 - 4' Stortz Intake 200 PSI 

1 - 2-1/2 lb. Purple K Extinguisher 

1 - Hand light 

1 - 4.5 Scott Pak 

1 - Lif equard 

1 - Set Rubber Gloves 

1 - Pair Goggles 

1 - Roll Barrier Tape 
. 

1 - Hazmat Book 

2 - Sets Keys 

1 - Seatbelt Cutter 

3 - Garden Rakes 

1 - Brush Rake 

1 - 2-1/2" x 2-1/2" x 1-1/2" Gate 
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APPENDIX B 

PHOTOGRAPHS TAKEN IN THE OB AREA 
MAY 20, 1992 



INDEX TO APPENDIX B 

Photograph 
Number Description 

AB-1 Access Road, locked gate, and warning sign 

AB-2 Access Road inside gate, note warning sign and 
surf ace water drainage 

AB-3 West Grove Road adjacent to OB site 

AB-4 West Grove Road upgradient of OB site 

AB-5 West Grove Road 200 feet southwest of OB site. 
Note flow from spring upgradient of OB site. 

AB-6 General view of OB site's parking area and pathway 
to pad. Note rubble pile near center of picture 

AB-7 View of OB pad and Burn Pan from top of high wall 

AB-8 View of OB pad and Burn Pan from gravel pile. 
Note flow from spring crossing site. 

AB-9 View of OB pad and Burn Pan from parking area. 
Note flow rom spring crossing site 

AB-10 Closer view of OB pad and Burn pan from parking 
area 

AB-11 

AB-12 

AB-13 

AB-14 

AB-15 

AB-16 

AB-17 

AB-18 

AB-19 

Close-up view of OB pad and Burn Pan looking 
northeast toward wooded area 

Close-up view of OB pad and Burn Pan looking 
southeast toward high wall 

Close-up view of rubble pile. Barricade is moved 
to block roadway when OB activity begins. 

Close-up of pooled water along eastern edge of OB 
site 

Close-up of pooled water in wooded area adjacent 
to OB site 

Spring flow originating in southwest corner of OB 
site, flowing north across site 

Spring flow in southwest corner of OB site, near 
spring 

Spring flow in southwest corner of OB site, near 
its point of origin 

Close-up of rock strata along high wall. Note 8~ 
x 11 inch notebook sheet for size comparison 



AB-2 

AB-1 Access Road, Locked Gate, and Warning Sign 

Access Road Inside Gate 
surface water drainage. 

Note warning sign and 



AB-3 - West Grove Road adjacent to OB Site 

AB-4 - West Grove Road upgradient of OB Site 



AB-5 

AB-6 

West Grove Road 20D feet southwest of OB Site. 
Note flow from spring upgradient of OB Site. 

General view of 
pathway to pad. 
of picture. 

OB Site's parking area and 
Note rubble pile near center 



AB-7 

AB-8 

View of OB 
highwall. 

Pad and Burn Pan from top of 

View of OB Pad and Burn Pan from gravel pile. 
Note flow from spring crossing site. 



AB-9 

AB-10 

View of OB 
Note flow 

... 

Pad and Burn Pan from parking 
crossing site. from spring 

area. 

Closer view of Pad and Burn Pan from parking 
area. 



AB-11 

AB-12 

Close-up view of OB Pad and Burn Pan, looking 
northeast toward wooded area. 

Close-up view of OB Pad and Burn Pan, looking 
southeast toward high wall. 



AB-13 Close-up view of 
moved to block 
begins. 

rubble pile, 
roadway when 

barricade is 
OB a~tivity 

AB-14 - Close-up of pooled water along eastern edge of 
OB site. 



AB-15 - Close-up of pooled 
adjacent to OB site. 

water in wooded area 

AB-16 - Spring flow originating in southwest corner of 
OB site and flowing north across site. 
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AB-17 

AB-18 

,)..,. _4..·. 

Wall along southwest corner of OB site near 
spring. 
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Spring 
near its 

flow in southwest corner 
origination. 

of 
point of 

OB site 
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AB-19 Close-up of 
8~ x 11 
comparison. 

rock 
inch 

strata along highwall. 
notebook sheet for 

Note ' 
size 
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