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DEPARTMENT OF DEFENSE
OFFICE OF FREEDOM OF INFORMATION
1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

(AUG 2 8 2009

Ref: 09-F-1198

Mr. John Grecnewald
The Black Vault

Dear Mr. Greenewald:

This 1s in response to your Freedom of Information Act (FOIA) request dated Junc
10, 2009, requesting a copy of the Strategic Chemical Weapons, in Intermediate War,
which was received in this office on June 11, 2009.

According to this request, you have stated in effect that you are entitled to a waiver
of search fees because you are a “representative of the news media.” In support of your
stated position, you refer to your radio show, your Internet Website, and freelance articles
that have been published at various times. For your information, however, Department
of Defense (DoD) Regulation 5400.7-R, the DoD Freedom of Information Act, states
clearly in Chapter 6, C6.1.5.7.1, that “[t]he term ‘representative of the news media’ refers
to any person actively gathering news for an entity that is organized and operated to
publish or broadcast news to the public.” Representatives of the news media normally
would qualify as individuals primarily engaged in disseminating information. Other
persons, however, must demonstrate that their primary activity involves publishing or
otherwise disseminating information to the public. While not all-inclusive, examples of
news media entities include television or radio stations broadcasting to the public at large.

As for freelance work, a publication contract or some similar proof could be provided in
support of your claim.

In reference to your Website, http://www.theblackvault.com, the activities or
options noted do not clearly demonstrate that your primary activity is publishing or
disseminating information in a broadcast sensc to the greater public. Accordingly, after
careful consideration, 1 have determined that the primary activity of The Black Vault is
not publishing or otherwise disseminating information to the general public; therefore, I
have determined that you do not qualify as a representative of the news media, and your
request for a fce waiver on this basis is denied.

In view of the foregoing, I have determined that you should be placed in the
“other” category for fce purposcs, as you have indicated that you do not seek access to


http:http://www.theblackvault.com

these records for commercial purposes. As you know, the “other” fee category affords
you two hours of search time and 100 pages of duplication free of charge. Subsequent
processing will be asscssed at the established DoD fee rates of: clerical search time--$20
per hour; professional search time--$44 per hour; executive search time--$75 per hour,
and document reproduction at $0.15 per page. We have noted that you have agreed to pay
fees up to the amount of $10.

The Defense Advanced Research Projects Agency (DARPA) conducted a search
and provided the information you requested. This information is provided without
excision. Inasmuch as this action constitutes a full grant of your request, I am closing this
file in this Office. There are no fees associated with this response.

If you are not satisfied with this action, you may submit an administrative appeal to
James Hogan, Chief, Policy, Appeals, and Litigation Branch, Office of Freedom of
Information, 1155 Defense Pentagon, Washington, DC 20301-1155. Your appeal should
be postmarked within 60 days of the date of this letter, should cite to case number 09-F-
1198, and should be clearly marked “Freedom of Information Act Appeal.” There are no
fees associated with this response in this instance.

Sincerely,

N Paul J./Jacobsmeyer
} Chief /
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SECURITY

MARKING

The classiffed or limited status of this report applles
to each page, unless otherwise marked.
Separate page printouts MUST be marked accordingly.

TH1S DOCUMERT COMTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
- THE UNITED STATES WITHIK THE MEANING OF THE ESPIONAGE LAuWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794, THE TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSONelS PROHIBITED BY

MOTICE: When government or other drawings, specifications or other.
data are used for any purpose other than in connection with a defi-
nitely related government procuremant operation, the U.5. Governmeat
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Sovernment may have formulated, furnished, or in any
way supplicd the said drawings, specifications, or other data 1s not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corgoration, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.
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ABSTRACT

(C) B-52 chenical payloads, both lethal and nonlethal, can ex-
ceed in effective casualty area the 15-kt atomic domd dropped on
Hiroshima, '

13 h blll: | ST - -._ Falr e, o * 8 F ST LTI | s hz
2StombE  §0.1 km’
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(C) Incapacivation periods from the use of chemical agents range
from ten mimutes (CS) to six weeks (T-agent). Areas may be denied to
enemy habication for an agent expenditure of about 3 g/mz per day,

(C) Specifically, chemical barriers might severely rest;ict in-
filtrarion -and the use of the Ho Chi Minh Trail, Haiphong Harbor, and
other Vietnamese jungle sanctuaries. Targets now exempt from HE attack
might be neutralized by chemical incapacivating agents, In particular,
attacks rnear Scuth Vietnamese cities or villages should urilize in-
capacitaring agents whenever possible to spare civilians.

ol 4 | The cost to the United States of waging intermediate wars
might be sharply reduced through the use of nonlethal chemicals without
escalating the war, conferring a major advantage to the holder of air
superioricy, while the guerilla forces would be unable to reply in
kind with any effectiveness, Tha use of nerva agents, on tha other
hand, would constitute an escalation of conventional war to a reals
of lethality incermediate between HE and muclear weapons, Kiloton efe
fectiveness is achievable without crossing the ruclear dridge,
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I. INTRORICTION

(U) Conventicnal naﬁom require vast tonnage to achieve deci-
sive impact through air power, Intermediate wars further constrain
air forces until raids exceeding in tonnage those which devastatved
Hamburg and Cresden merely seem to be plowing up jungles, Yet air
superiority has been a major asymmetry in cur favor in every inter-
mediate war to data, Wwhat is needed is a munition more effectie than
TNT. and napalm, and yst, neither as destructive as explosives nor as
uncontrollable as BW, Nonlethality is A major weapon requirement in
order to break the target constraints imposed by world opindon,

(U) The problem, then, translates into finding @ weapon requiring
substantially less weight than TNT or napalm to neutralize a target or
an area, yet a weapon controllable encugh to prevent tho mass killings
which occurred at Dreaden and Tokyo on during the Black Plague, This
problem definition suggests using some of the greoat variety of non=
propagating chemical agents, )

(U) This report examines the use of chemical weapons in past
conflicrs, and their operational characteristics and assesses the

feasibility of using such weapons for strategic interdiction missions
in intermediate wars of the type being waged, for example, in Vietnam,

UNCLASGIRED
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I, CHEMICAL ACENTS

(U) War gasese~=a misnomer in some cases since rany are powderes
s7lidc-=range from tear gases which are nearly harrless even {n the
target area, to perve gases which may in rare instances remain lezhal
30 or 40 k= downwind,® The following list of a'g!nta'boqiru\dth tear
gases and contirues through progressively more dangercus arr.l moT®
powerful compounds,

A. TERR GASES
Cnloroacetophenone (Usual Symbol: CN) [CcH.COCH.C1]

(U) This is the comrmon police variety tear “gas,” causing tearing
when used in concentrations as low as 0.3 mg/ad, It is really a solid
and has to be heated or pnqmi.lm to make the smoky cloud ~een in pic-
tures of burning tear gas grenades, About § mg/m is considered in-
tnlerable for more than five or ten minutes, although che victim is
primerily harassed and vision-limited, rather than bereft of physical
strength and coordination. Thus, strongly motivated people can still .

" do damage while exposed tO Tesr gas, Extreme doses--1000 mg/md for

ten mimutes--might be fatal, but such concentrations are vimauy

- unknown cutdoors.

Bremobenzylcyanide (CA) [_gsgsg__m,u_q
(U) The king of World War I lacrimators, CA, is a liquid less
volatile than water, but volatile encugh to produce a stinging vapor
which severely irritates the eyes, nose, and throat, and which also

© causes lcutc pain in the forehead, Lethal cencentrarions, 400 to

uoangh mmabcnnm-mtmﬂlld. nnnnuoswh
causes immediate tearing, and 3 -q/h is considered incapacitating
within ten minutes. Heavily splashed liquid p-ors:lats one or two days
under average weather conditions..

‘undu- prolonged inversion conditioms.

2 .,
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(C) All of the foregoing have been used extensively (rcre than
6000 tons of arsenicals in.World War I) with almost no fatalities,
Three AEF deaths were ascribed to "arsine” gases, but these wers
probably due to the much more toxic ethyldichlorarsine, which will be
discussed in a subsequent section on semjilethal vesicant chemicals,

B. NENTAL INCAPACITATCR

. (C) BZ, a glycolate darivative, causes a slowing of physical and
mental activi.y, giddiness, disorientation, hallucinations, and occa-
sional maniacal dehavior, The central nervous system is functicnally

" disturbed at all levels within 1 to 3 hours after a median dose of 112

to 170 mg=min/m, and incspacitation lasts 24 to 72 hours, or longer,

C. BIO-TOXIN (UC)

(C) Although UC .is an inert chemical, it is somewhat differenc
in that it is staph enterotoxin, Its effective dose is about 2 mg-min/m’,
pesulting in nausea, fever, and abdominal pain, Tha onset time is 1 to
6 hours after exposure, Tha sickiess lasts 8 to 16 hours, Since UcC
is odorless and the symptoms are delayed, it is unlikely that the vic-
tims would know they were in a UC cloud, resulting in a failure to mask

‘or a premature unmasking. If an insidicus nonlethal agent were required
 to circumvent masking, UC and BZ would be indicated,

D, VESICANT OR BLISTER GASES

HeCl
1. Mustard Gas (HD) Dichlorethyl Sulfide: s<:u4c1 '

(U) The most potent "king of the war gases® was a slowly evapo-
rating liquid, dicklorethyl sulfide, which presented a triple threat
TO troops., At midtmsly low concentrations, 1 or 2 -g/ms, rustard
vapor causes incapacitating conjunctivitis of the eyes at a dosage of
about 200 mg-min/m3, w g
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(U) Raising the dosage to 1500 rgenin/a3 csuses death dy ine
halation and- nom%wcltat:on by skin burns, for rustard pena=rites
and kills skin as well as mucous membranes, The third threat {3 the
direct contact with the liquid, which produces gress blisters and ul-
ceratinn that require rany weeks to heal, Ko droplet is tco z-all 2=
cause blistering, The liquid easily penatratas leather and rudier
boots, uniforms, and other equipment, The absorbed rustard ray =hen
contaminate a dugout by evaporation or contact if the splashed soldier
seeks shelter therein, The cell destruction is mepid anmd initially
painless, About 2 percent of the mustard casualties ¢ «d of respira=
t&ry infection, In spite of mustard's cutstanding per. “amesus texie-
ity, the majority of mustard casualties were caused by . por and nct
by the liquid contact--4an hnporcant p-ol.nc for controlled ‘risualty
production;

2., T-Agent: Bis sn-chloroetmlthloeﬂ_ml} Ether

(U) . This chemical relative of pustard is alsost mmlat'le,
so that it should not cause vapor casualties. Its vesicancy, however,-
is several times that of mustard, so well-defined contact-hazard areas
anbcnpoctedumthisagml: hsprcywdonthcgmmdtotma

barrier.
Cl

3. se3 HN=-3): s ey HaC

(U) This nitrogen analog of mustard is intermediate between
nustard and T in velatilicy, HN-3 has vesicant and toxie propertiecs
very close to mustard's, but it is about ten times less detectible
by odor, '

(U) Wwhen casualty dosages are also above the lethal threshold
for susceptible individuals, it is panifestly ispossible to lay down

a 40 percent or 80 percent casualty dosage without killing a con-
siderable fraction of the expo=ed population. It is, in practice,

5
UNCLASSIFIED
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even ~ore difficult to avoid scre lethality Becausa orcenratisr and
2xpesure *{rns connct la closely contrilled, so that 37== drzain Cone
TTurs Ay 5@ ton cF 4 hundrad tired cthers, Within thisz latkil case
amry [1ll =~dern nervn 19303 and phestanae of World War T r-=-cia=y,

1, F[Rr2a:rnn /C0) Cirbrnyl Chloridn

(U) Fhesqena 4% initiel oxpssurwe {3 only 3V htly irsizes, 1%e
tackint only tha Bronchi and lungs, Thus, the »° tim may rz= ta . piven
from the area, ' Then follows 3 pericd of latency while adema {3 ¢oe
velcpina in the iungs over the next 2 %0 20 Pours, Dis~orizrt -ay ta
slicht, but fatal gray and blue asphyxia follows, Tha lathil cose is
3200 ==min/m3, and the incepacitating dose is a dln-nroun; clesa
1600 "':-r'in!m-' »

F & sarin GB): }!efhvl..l.:u lucro-phosphine oxide

(C) Wworld wWar II saw the Germans dcvelop, but not use, ajents

which cause nerve lmctioml. breakdown from accurulated acetylcholire.

*avicisy i3 almoss *wo arders of ragnitude greater than pno-'-e';. “he
gas is aloost odorless and swift in action. Detection and wvarring
againat- surprise attack are chus extremely difficult. Incapazizating
doses are listed as 35 nq-nln/n ** uhich is half the letlal cose, ut
only § mg-min/m3 may produce zevere delayed toxic symptoes if repeatea
for 5 hours, This concentration may travel miny miles downwind, AtTo=
pine with oxime is an effective antidove, reising the LDy, possidly.
to aver 1ooo’eq-m1n/-3.

+ (S} Designed to circurvent gas rasks, this liquid percutaneous
nerve agent can kill at levels as low as 10 =g of liquid VX on *re
skin for 8 hours, or 200 ry for 1 hour. VX aerusols are fatal at
only 45 mg-i.m\as. Incapacitating coses are half the above, but a
substantial nusber of these will die without proopt at™ ,ine antidotal
treatrent. )

Gumn data suggest LDgn = 1000 mmh’

*For 15 lizers/min bruthing--nnd activicy.
6
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III. DOSACE ATTAINVENT AND EFFCCTIVEIESS

A. DOSAGLS ATTAINABLE IN THE FIELD

(C; Clearly, a wide vu-jtfy of agencs have been developed, ur
specific dosages of particular agents and their conjugate diverse ef-

.fects are valid only o the extent these dosajea cen de imposed in

war situations, The German World War I rule of thumb of deplcying 10
to 15 grams of agent per square ﬁur_iu said to be effective, tut
the corresponding dosages ara indoter=inaes without knowledge of the
depth of the vapor layer and its persistency, Apparently, the depth
was a number of meters becduse the needed effective concentraticn was
such less than 15,000 mg/m3, In reality, the chemical deployrent
processes were often 30 inefficient that only a small fraction of the

' aqmt reached the layer of air vhere the tToops were, Tha remaindar

wis caught in the soil or floated upward or was rapidly diluted by
winds, D!uoﬁimtion‘ efficiencies varied considerably with the deploy-
vent technique and nocorims].y with the weather, However, the fcllow=
ing examination of vapor and aercsol charecteristics shows that rca-
sonably controlled nonlethal chemical attacks ave pmslnll.

(U) First, one can note that vapor concentrations can never ex-
ceed the saturation level, and with normal cutdoor circulation, vapor
concentrations will be well below the saturation limit, Therefore,

4 possidle approach to nonlethality is to use agents—such as CN and
CA=—of such low volatility that their saturated vapor is nonlethal
within the expected exposure tire, It i3 true that trapped or seri-
cusly wounded individuals might not be adle to hiasten their escape
from a gas cloud, but their exposure tize would still be limited to
the evaporaticn time of the liquid or solid agent,

".f‘}'l!;‘-iv > SwIe P SeiEviED D mm e
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(U) Aercsols, however, may far excead vapor situraticn corcane
traticrs, Upper limits are set by cosjulation and 3attlirg %iv=r,
7hese upper limits are quite high, For instance, an serosol cf 133
lu particles per cc corresponds to 52,000 =g/=3, After five =irutes,
ccazulation wouid reduce the nusber of particles to about 107, >t
there weuld be u;!ughly 2u in diareter and ten tises as hesvy ard 3o
=aintain the concentration at 50,000 =g/=3, Two micron pirticles hawe
a fall rate of adbout 3 cm/ain or 6 ft/Ar, Further agjlomeratizr wwuld

. hasten the fallout to some extent, but a 20-ftethick serosol cloud

cerrying 50,000 mg/m? would have a mean 1ife on the order of an hour,
The total dose would then be ~ 3,000,000 mg=min/mS=<hardly & corforsing

upper limire,

(U) Fortunately, other physical factors can reduce aersol per=
sistence and dosage far below 3,000,000 mg-min/m3, The most common
factor is the transit time of & winddlown cloud, Wind velocities are
usuilly morve than 100 ft/min, and 30 & cloud covering 10 acres would
drifr away in leas than 7 minutes. Prentiss (Ref, 5) uses a typical
exposure vime of 10 minutes to determine lethal concentrations,

(U) As the cloud blows dowmwind, it is further weakened by dilue
tion, fallout, and possidly by chemical resctions with a moist environ-
ment. . If the cloud is lighter than ambient air and if lapse conditions
prevail, it will tend to flost upward, losing all effect on the ground.
A British diffusion formula (Ref, 2) shows cne following decline of
phosgene concentration along the axis of the drifting cloud (Tablae 1).

TABLE 1 (U): PIOSCENE CLOUD CALCULATIONS

Downwind Concentration Time of '
Distance, yd E_Im : Passage, min Dosage = 7xt
100 : 4500 o 0.5 2400

. 200 1700 " 0.55. . 930

500 . ; 130 0.7 : 230

1000 9§ ’ 0.9 _ 8s

2000 20 1.2 24
8
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(U) As Table 1 shows, this particular 250-1b phosjens bomdb was
self-1liaiting in downwind lethality to about 100 y4. If it had taan
@ boed with a high durster-to-agent ratio, even the initisl, jrounde
sero dosaqge could have been reduced to sublethal levels,

(U) while diffusion theory works acceptably with contirucus point
scurcos (such a3 a cylinder of chlorine), it cannot predict tha initial
clouds from explosive runitions,

B, IXFLOSIVE CHEMICAL DISSEMIMATICN IHIDRY

(U): The initial gas cloud from a chewical shell with an HE
burster is much larger than the gasecus volume of the vaporized agent
and explosive, Tha contents of an exploding shell disasse=dle at a
velocity, Vo, given by Gurney's forwula Delow: '

H /M
V, = 7000 ’_ﬂ_j_g_ ‘" fr/sec ) (1)
; z»o.sr'-'a :
- "

I'I“ = mass of explosive (kg)
My, = inert mass of the case and chemical (kg)
My = mass of bomd = M, + My, (in kg) '
' (U) Assuming the centrifugal bomd components "snowplow™ and en~

train the adjacent 8ir and share tne momentua :I.-pu_clt in the Curney
velocity, the velocity will be governed by conservation of mowentum,

(2}

(U) For times apmcchipg cloud stabilizavion, the radial ve-
locity will be small, meaning that ll.n,»nm

. - Yo X Mp . 5
s @ A (s

UNCLASSIFIED
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but
M= 3 (%) = (sch) (kg
V. xH
R w0 "o b %
-l 4
.M »
RY = (0.0)(Vo)(Mut) (s)

(u)' Since not 411 the air {s snowplowed, velocities at the cloud
edge may be ) : Ty .

&Y = (v )00, )(0) {6)
or ' .
R = SN0 x ©2/% oecers (25

(U) Since dursting charges used in chemical sunitions are usually
4 small fraction of the total weight, Gurney's law can be rewritten

Vo ™ 2100 “5 m/sec (8)
: : m . .
Combining Eqs, 7 and 8 gives

i B 1/8 ’

4 ex . 1/8
R =: . ram— 9
m:( xt (9)

(U) Here we have a derivation .tor the widely coserved insensi-
tivity of .3hell clouds to the durster ratio, Assuming a Burster-to-
inert-nass ratio of 0.1, :

R = (6.8) (0.75) *Bp x e/ (10)
R =5 M /% cacers R ¢ - §)
and . - :
R o=~ 1.3 4% o3/ o /sec (12)
)
BHCLASSIFIED
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(U) An apprximate check with sxperiment for these forrulas {s
shown in Fig. 1.~ '

260 '
| | | | | | =
I ”’ |
20} -\ -
20— Theory -
.m_ £
180 }— =
10— - -
g 4
3w / -
L
120 b— —_
|/ |
VY oM -
!
0 - o
.w_ -
. W= ' | _ o
) S S R ol S B NS (Y
0 10 20 30 4 0 & N 0 w0
e I Time after burst, sec

FIGURE 1 (U). Experimental and Theoretical Cloud Diameters for 4000-Ib
Bombs with Burster Waight Ona Percant, Test Dota from
Ref. 2.
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(U) For a l-kg bomblet contunzng S00 qrm of agent:

500 000 »
Cloud Concentration = C = W’J
(13)
therefore, C = 1000 *3/4 nq/n

t 4in seconds

(U) Note that the concentration is down to 125 mg/a> st 16 sec
and 45 mg/m3 at ona mimute, The German 77-mm Blue Cross shell con-
tained 2 percent DA and should have given concentrations about one-
tenth those abova, giving doses as follows:

Dose -fc de = sr"" ng-minﬁ-’, t, in minutes ‘ (1a)

(U) Therefore, rmining in the cloud from thi German Blue I:mss
shell for 15 minutes might have given a dose of about 10 mg-min/m’
less than 0.1 percent of the lethal dose, dut encugh to cause masking,
Very likely, the HE fragmentation of this shell caused far more fa-
talivies than did its diphenylchlovarsine, Dosages from this cloud
theory agree very well with em field experience® descrided in the
following section,

€, [DISCUSSION OF FIELD DISSEMINARTION

(1) The wide field experience (Refs, 3 and 4) with chemical
weapons has shown that dosage can be predicted in srea targets, either
open or wooded, to be about:

Neutral Atmosphere Dose = ﬁgm (1b/ha) nq—mm;n’ (15)
in mph .

Inversion Condition Dose ™ 2x " (1b/ha) mgemin/m> (16)

Lapse Condition Dosa ™ 1/4 " (1b/ha) mg-min/m3 a7

?
See Appendix A.
12
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For wooded targets, MM3-10B assumes a neutral atwosphere and a 2 rph
wind, ’ '

@) Uncertainties in wind, atmospheric stability, and uniformity
of dissemination, could each introduce a factor of two, and a5 these
factors may be multiplicative, the resulting dose uncartainty could
well be a factor of eight. Therefore, in planning nonlethal attacks,
only agents with a safety factor considerably greater than ten between
effective and lethal doses should be.used,® Nerve gases and phosgens
are ruled cut on this basis, while tear gas should bde (and has proved
to be) nonlethal in the open. The 14,000,000 Blue Cross arsenical
shells uysed by the Germans in World Wir I caused virtually no recorded
deaths from diphenylchlorarsine (DA). In the great attack of March 21,
the DA expenditure was 40 1b/ha on the infantry belts, With 3 low wind
of 1 mph and inversion conditions, the dose predicted from Eq, 15 wmld
be 1600 mg-min/m> for uncagked (and the British were masked) troops—-

* about 10 percent of the lethal dose, The fragmentation from these same

shells (equivalent to fifty~five 105-nm projectiles per hectare) could
easily have killed or wounded most of the unprotected troops®® in the
area, - 3

D. WORLD WAR I EXPERIENCE WITH CHEMICAL WEAFONS

(U) The First World War saw one chemical agent after ancther re-
placed by superior agents, until the primacy of mustard and phosgene
was established by 1918. Quite surprisingly, the inctroduction of gas
masks did not eliminate the toxic gas cloud as an effective war weap-
on, and the Brivish continued to use gas clouds from. cylinders iight
through 1918, Tha first chlorine attacks were against totally umpro=
tected troops and were, of course, highly effective, producing a casu-
alty for each 22 1b of Cl expended against the British and 58 1b against

F I i "
Project Summit used a safecy factor of ten to define nonlethal

“anm:a. .
The gas, of course, reached into trenches and qun pits.
13 .
URCLASSIFIED



http:pl"1e.lC

PENPIIRITR

the Russians (Ref. $). The rext attack against the British required
94 1b of chlorine per casualty (Ref. 5), presumably because the British
has been issued the chemically treated black veil mask to cover the
note and mouth, Yer, the last cloud attack of the war (July 1918),
against the best German masks, produced one casualty for every 70 1b
of phosgene expended, Since the incapacitating dosages of phosjene

and chlorine are about the same,” rhe inability of good masks to con=
quer gasez easily neutralized in canisters is striking., To the end
of the war, gas cloud attacks maintained an average of one casualty
for 951> of agent, inflicting 105,000 casualties (including 31,750
deaths) with tha expenditure of 5000 tons of chlorine, phosgene, and
chlorpicrin., A similar performance was achieved with mnch-nor:ar
projecter attacks, (See Tadle 2,) :

(U) ‘Artillery proved to be a ruch less efficient delivery wmeans
for chemical agim. Individual shells carry too little agent to
easily build up a lethal concentrztion. Nine-tenths of each shellfs
weight must be inert maval., Thus, one would expect 4 shift away from
"lethalivy for all agents when delivered by artillery, and a jhift to-
ward agents (such as mustard) which are effective in low concentrations.
Both these effects occurred. Phosgene's lethality dropped from 20 to
30 percent in cloud attacks to about 7 percent in artillery attacks,
At the same time, the inefficient, under-dense, artillery deployment
raised the agent requirement from 95 1b per casualty to arocund 340 ib
per casualty, Mustard became the preferred fill for shells, and CW
fatalities dropped to ~ 2 percent of the chemical casualties,

E. ommmmmmmormsm

(C) ' An idealized nonlethal agent would have a ueurated vapor
concentration (volatility) which is nonlethal but highly incapacirtating.
An extremely large ravio between lethal and incapacitating concentra-
tion is abvicusly desirable to prevent bartlefield variation from

? .
Contrary to the carlier data available to Prentiss (Ref, S).
14 - '
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TABLE 2 (U). CASUALTIES FROM MAJOR WORLD WAR I CAS ATTACXS

~-d omq o=t O

Type of . Pounds of Cas
! Deliverv Year Agent % Lethal Protection per Casualty Comrenc=s
i 1913 a 1] ¥o manha 7 Bo mashs!
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Gas ; ™o sashs
Cloud ! S
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[ ] e
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building up 4 nominally nonlethal concentration into a lethal one,
However, it i3 clearly desirable to have the volatility many tires
lower than the lethal corcentraticn for times characteristic of corbat
exposure, RAs Prentiss points cut, ... acrolein and brombenzyl cyanide
are more toxic than phosgene, although the volatility of the latter is
£20 low to permit fatal concentration in the field." i

(U) Since nonlethality depends on the ratio of lethal to inca-
pacitating concentration and on tha velative volatility of the agent,

" a safety figure-of-marit can be constructed as the product of these

two factors, namely,
k- lethal concentration _ lethal concentrazion
Nondethality = T = concentration ™ volatility
Honiothal.{ty a -}%— x -I'-—E—

(U) Concentration will be bzsed on an exposure of ten minutes
(as in Prentiss) and volarilities will be standardized ac 2¢°C (68°F),

except for low volatilicy solids. Solid agents will be presumed to be

- explosively dispensed to give initial cloud concencrations of 100 mg/=3.

Thus, 100 -g/n3 is the paxizu=® aerosol concentration and this corre-
sponds to volatility as an upper li=it for ths nonlethality index.

(C) If the agents in Table 3 are arvenged in order of their non-
lethality indices, the great spread shown in Fig, 2 is obtained,

(U) One can see how these agents fall into three main classes:
those with safety facters in the thousands, a transitinn group at the
threshold of lethality, and a deadly group more lethal than gun and
shell injuries, Note that the transition group is distirerly less lethal
than gunshot wounds (25 percent fatal), In fact, ethyldichlorarsine

*Except in the unlikely event of two shells or bombs scriking the
saze place in quick successiof... .. ..g

16 '
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nay be about 2 hundred times safer as 4 casualty procducer than ccone
ventional HE or napalm, Use of Class C agents cay well constitute an
escalation in an HE war, while the uze of Class A agents would appear
to be preferable to bullers and be a de-escalaticn from !E. The pesi-
tion of Class B agents on the scale of escalaticn is largely a function
cf propaganda and world opinion. Lcgically, they sre generally rore .
husane than conventional bombs or shells,

TARBLE 3 (C). AGENT CHARRCTERISTICS FOR RESPIRATORY ATTACK

(Breathing Rate 10 liters/min)
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FIGURE 2 (C). Relative Sofaty of Varioys Chemical Agents for Incapocitating
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Purposes Indices Below 1073 Are Equivalen?, Providing Sufficient
Agent is Used for Widespread Incepacitation.)
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IV, VESICANTS--A SPECIAL CASE

(U) It is rather surprising that the primary blister u.qu..ud,
rustard, producnd most of its casualty effect through vapor attack
rather than through liquid percutanecus entry. The reason for this
patadoxical behavior is the low German expenditure of mustard per.
square mile, which left 80 percent to 90 percent of the target area
free of contact hazard, while covering most of the area with a vapor
dosage insidiously dangercus to :mmasked personnel. However, about
half of the Averican pustard casualties also had sose skin burns froo
liquid or vapor mustard. :

(U) If the Gerwans had used T-agent, whose vapor pressure is
less than one-thousapdth that of pustard, but whose vesicancy ia five
to eight tises that of mustard, then vaper casualties would have heen
nil and the contact casualties possibly quintupled. Australian tesss
in jungles showed that even the relatively volatile rustard lefrt a
contact hazard after one or two days of evaporation (Ref. 6). T-agent
is far core persistent than mustard and should last for weeks.

(U) Area denial should be very effective with T-agent for a mum-
ber of reasons, Ita extreme vesicancy produces an effective contami-
nation of one hectare with only 70 1b of agent., Its persistency ree
duces the need for frequent renewal. Its near invisibility precludes
easy avoidance where areas are only covered in & Zpotty manner, Thus,
living in an irregularly contaninated a~ea would be hazardous because
one sould sooner or later blunder into & contawinated patch of terrain.

(U) Hustaxd and the sesqut-lutu'd's are very slow acting.
Blisters take rany hours to develop, and so these agents are not able
to stop an attack in progress. Although the nonvolatile T-agent
should cause no deaths fros inhalation, death fros contact burns is

19

ol b

- wlig a

.\1_ = . ;’



http:poasU.ly
http:IIIUSe.rd
http:eontf.ct
http:tl'.t.t.CM

- —

bemed  GEmg

]

e possidbility. An Edgewood mmu. estizate for & lethal skin dose

~of sustard is 7 grars, which would corTespond to about 1 gree or

3

1 o of T-agent 1liquid spread over rmost of the body. The lethal -

o, anise {3 similar to third-degree thermal burns. The blister
threstold for T-agent 43 & 4 microgran droplete- ye—pus of the lethal
dose--raking it extrerely unlikely that a casualty density of T-agent
would be lethal.

(U) There is no easy way to live in & sustard envirorwent on e
long-tere basis, particularly in tropical climes, GCas masks, of
course, are circumvented by the percutanecus attack, Coopletely
sustasd proof clothing (gloves, Poots, Moods, etc.) is practically
air-tight and thus intolerablo in the tropics. The following tire
1imits are recommended for moderately active men in U.S. izperreadle
decontamination outfits:

Tenperature, °f  Maxinym Tice in Suig, be
< 30%F ‘ 8
60-70°F 2

90.°F ! 1/4

(C) So-called impermaable paterials are far from perfect and
‘Teally only delay penetraticn. Neoprene and natumal rubber only
block mustard for 10 or 15 minutes in thin (0.4-mm) layers (Ref. 6).
Mustard scaks through leather rapidly. Butyl tubber i3 such Detter;
a 0,4-ma layer protects for over two hours. ‘

(C) Chlorinated ointzents and light impregnated clothing provide
substantial protection and can be worn for at least three days. The
protection factor nowinally appears to be from 20 to 50, providing
the ointment i3 not rubbed off (Ref. 6). In pactice, however,
exercising men suffered severe hand durns fros vapor at 1000 ng-!Wll!.
Sose moderate burns appeared elsewhere, As the threshold for soderate
burns is about 200 ng-.tnfn’, the apparent protective factor under
working conditions may only be about five, Possibly the prelerred

re—
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counter. to sesqui-sustards would be moderate personal protection by
ispregnated clothing, disposablo gloves, oinwent, and rasks until
chesical decontamination squads could peutralize the areas which
sust be inhadited--all of which would be difficult for guerillss.

{C) Decontaminaticn may be irpractical on any large scale for
all dut first-class industrial powers because desustardizing reguires
about 20,000 1b of evenly distriduted bleach slurry for 1 hectare.
Prentiss (Ref. 5) points out that "decontarination in & wooded area
is such pore difficult than in the open and is only feasible when
the extent of contapination is slight. The degree of contasination
ernnot be gauged entirely by tho number og shell holes on the groud,
since shells frequently strike and axplcde in the tops of che trees,
sgrinkling them with droplets of mustard ,..." Wood and concrere
abaord mustard gas, and if left untreated, become permeated 'and very
difficult to decontaminate. Therefore, bulldings and factories, when
grossly contaminated, "should be disposed of by burning if this can
be done with safety,” Burning, of course, produces a highly toxic,
mustard-laden smoke, The potential to contaminate dock areas, ware-

houses, munition factories, and SAM sites might be of major importance,

- —— — —— s e 4 —
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V. OPEPATIONAL APPLICATIONS

(U) Having summarized the properties of the various existing
chemical agents and having examined their generul dissemination and
effectivenass characteristics in the field, we jow address more spe-

- eifically the opcutiona.l applications of ehuicu weapons under ine

umdute war conditim.

n. CHEMICAL BARRIERS

(C) Chemical darriers can be formed by contaminating terrain and.
vegetation with vesicants, HD, and T-agent. However, contact with the
CW agent has %o be {nsured, Contaminated jungle foliage will brush
#gainst traversing troops. Suwuniw fire will drive infilcrating
troops to easth, a3 will Darbded wire and minefields, Any T-agent
coated cbstacle, such as a Nvinl. cliff, or bomb crater, that must
be scaled or crawled over will cause eventual casualties, As T-agent .
is ncnvolatile, it should persist for a wonth or so ind still nor pre-
sent a vepor hazard or & downwind hazard, T-agent barriers could,
therefore, de well defined and carefully positioned away from civilians.
It is well to note that vesicant barriers are cosplerentary to convene
tional interdiction, since th-ay work best In heavy jungles and on nar-
row trails, where the enemy has maximum concealment from HE and cannon
attacks, T-agent barriers, on the other hand.. are least effective on
open, undamaged highways where trucks can move rapidly over them,
Table 4 summarizes the requirement for !mw chemical barriers with
varicus agent,

{C) Siliconized CS and.DC powders can provide a persistent
aerosol hazard because silicon-coated Sy particles are readily stirred
up into a dusty clcud by any motion in the area, Persistence in the

damp soil of tunnels has been 30 to 60 days :o:-cs
' ""‘ ":",""M 22
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. TABLE 4 (C)., BARRIER AGENT REQUIRDMEMTS
Agent Type of Hizard Duraticn Pounds/ha . Pounds/ha/day

T _ Contact 2-4 weeks .~ 100 ~5
CS Alpha Inhalation 1-2 weeks ~ 600(7) =~ 60
DC (Silicon) Inhdlation " 12 weeks  ~150(7)  ~15
Mustard Vapor and Contact 3 days ~ 600 - 200

cA ' Inhalation ~ ) week ~ 400 ~ 50

(C) Barrier width is a flexible parsmeter. The chesical hazare
is proporticnal to the product of the width and the contanination den-
sity. (Ref, 7). The chemical pickup from crawling gver short grass or
wikinq through dense shrubbery and tall grass is about 3.5 mg/m times
the contamination density of grams/m2, If the incapacitating contamie
nation of mustard i3 500 mg on clothing, then crawling 150 meters ower
ground contaminated by 1 gram/m? of H would Tesult in a delayed casu-
alty, unless complete changes of clothing, gloves, and boots were im-
mediately available, Hands are particularly likely to pick up mustard,
30 crawling in mustard areas without gloves would result in-sericus
(although delayed) burns from contamination acquired in-a faw minutes,

(U) Since the chemical pickup varies as the product of barrier
widch um ths concentration, the amount of agent required per unit
barrier length is an invariant (see Table 5).

(I'.‘} Effective duration times are uthu' uncertain, as ttuy are
quite dependent on terrain, soil, vegetation, wssther, and deposition
characteristics. Only mustard data are available; correspending values
have been extrapolated for T-agent and N3, VX is'a different type of
chemical.and apparently decays primarily by absorption rather than
evaporation, However, on the abova basis, cne B-52 could establish a
T-agent barrier the whole length of the Vietnam IMZ (65 ka) in one
sortie,

23
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TABLE 5 (C). mmmmmmm PER UNIT LEIGTH OF BARRIER

Effective Agent _ Volatility Time for
. Type of Pickup Needed, at z§°c. 3/4 to
Agent Hazard Dose, mg kg /km mg/m Voliralize
T Contact 100 300 0.4 S week (+)
_ (Incap) ; i i 4 '
H Contact s00 1500 960 2-20 hr
Vapor - : - (Ref, 3)
HN3 Contact 700 2100 120 15 hr to
(Incap) _ 1-m§ .

(C) Trail denial involves a barrier which is coaxial to--rather
than across=-the line of march, Contamination densities could, there-
fore, be considerably reduced for narrow trails where troops must brush
against foliage or grass, As little as 300 1b of T-agent per kilome-

" ver might be effective. Wider trails and roads, however, wculd be dif-
. ficult to block with nonvolarile T-agent, although bivouac areas and

truck parks would be prime targets for T-agent attacks, A combination
of T-agent and CS,; attacks probably would sericusly hamper the access
Toutes to a battle area,

B. AIRCRAFT PAYLOAD COVERAGE

(W) The comdined effect of increased bomber payloads (B-52) and
the heightened toxicity of modern CW agents is to confer a surprising
area coverage to a modest sortie rate, This quantum junp in efficiency
can ba seen in Table 6,

TABLE 6 (C). ADVANCES IN G4 MUNTTIONS

Weight, Agent Effi- Area Cove

Era  Agent E’_‘;_Q Munition - 1b ;- we, 1b ciency, X erage, ha
 WWI GG 1600 1S-cm shell 72 10,6 1 0,033
WiIT CC - 1600 500-1b bomb 500 200 40 0.66
1965 GB 35 . Wateye bomb  S62 347 62 35.0
24
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(C) The rusbers shown in Table 6 are for standard conditions of
4 to 'S mph winds, neutral temperature gradients, and vemperaturss suf-
ficient Lo vaporize the agents rapidly (i.e,, above 3C°F). The gain
in area coverage is a thousandfold since wWorld War I.

(€) If the 50,000-1b payload of a B-52 were devoted to CW suni=
tions with an agent fill of SO percent, then thes orﬂml capabilities
in Tabdle 7 would ba available,

TABLE 7 (C). B~52 CW AREA EFFECTIVENESS

Sepoeition |Area Cowered
Peraity, [Py Gre B-%2, Chowicad

[ ] e 1b/ha ha Persistence Casnality [Tfect
‘ .
79 sg-=in/m 3 300 Cloud Traveit | Tearing, coughing, chawt
i . Tigrase—i oii.
|
10 mp-ainm L] 000 Clowd Trensit | Srevsing, puis ir Peeg o
A . g, l‘o-u—l-l hours
= 20 sgatnm’ T ) Clowd Tretat | Mallicinetiors after 13-12
;:-‘ lasxing § o 7 deyey

rn 100 -'-—uh‘ 1 ] 100 Cowl Treselt | Bums eyes, threst, brorehd |
Lumgs ; choking and 4stima
for 4 ™o 13 houre

1: Contect Kazard m 7] 1am Puleyed shin turme lastirg
& woens.
Contect Magerd 1 %0 2 vomate? Doloyed shim mams lasting
& voons.
t lqunh' n uw Clowd Tramgit | Feal (s ) to 10 sisuees.
Aoresal; “m’ 13 1m0 Clowd Tramsit | Fagsd in 1 te 10 simawe.
VE Sprey Plrect= 1.8 77,000 By, for nemer elething.
Dwposition : =
VI Sprey Dlrect= o 1500 — for winter cisthiry.
Oeprricion ‘.,.

(C) The scale of thesa areas can be appreciated by noting thae
a 155-mm high explosive shell has a2 lethal area of 1000 m? against
standing troops and 300 m2 to 700 m? against prome troops. The BLU-
26/B i3 ten times as efficient against truops in open terrsin, and
100 1b per hectare are needed, Bricvish data suggest that entrenched
troops cannot stand artillery attacks for core than 5000 1b per hectare
in a 4<hour pericd, Hiroshima's 15-kt atomic bomd was effectively
destructive over 8 ka? or 800 hectares, It is striking vo note that
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six of the eight chemical payloads in Table 7 exceed the 15-kt bombd
used ot Hiroshima in area of weapon effect. A graphical comparison
of weapon coverage i3 shown ‘n Fig. 3. ;

el Payload v - Eifective areo in hectares
ircro weight ype 1 3 10 32" 100 300 1020 10,000
) [

8-29 mlb_ 15 kt atomic

—

. . g-52 | 50,000 15 | High exclost
- pes2 | 50,000 16 | Musterd
8-s2 | 50,0000 |T

IPTITIIIIPEPEPIPETTIIITETRT RIS

- B-52 50,000 b | BZ or ED HALIRIEEIIEETELIITEITEIIIETEFIIIFE
8-52 | 50,000 Ib | Nerve ges

8-52 | 50,000 ib |Riot ogents

TP TPTITTPIITIIT TP TEETTTITTEE T ST TS s

o 8=52 | 50,000 Ib | VX sproy

“Lathel orea of sixty=six 7504b G.P. v froops in foxholes
” ¢ " #*Lathal erea of 50,000 BLU-24/8 vs troops in foxholes

QZZZZZZ  Noolathal

98% Nonlethsl, 2% fotalities
: .

B

IfMﬂcdemmthuﬂlﬁudmdmkl
Chemical payloads 50% ogent
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FIGURE3 (C). Effactive Areas of CW end HE Poyloads Compared fo Hiroshima
15 kt Atomic Devostoted Area . :
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. (C) Despite thae diversity of weapons effects, there are some
common denominators, Practically all pecple in blast shelters (pro-
vidiny they are gas-proof) could survive any of the above attacks'

i (although prolonyed HE attacks of this density may produce mental col-
o lapse as well as physical destruction), All attacks, except T-agent
.. and HD, could be thwarted by prior evacuation and rapid recccupation.

Evacuation of areas the size of the District of Colusmdia (15,000 ha)
i3, of course, much more difficult than side-stepping the cloud from
4 burning CS grenade, Thus, while .the toxic effect of CS may cnly
last a few minutes, the escape and reoccupation tizes necessary to

thwart a BZ or GB attack may total a few hours,

- c. :rmcnvmss ‘OF RESPIRATORY ATTACK

(C) Urmasked troops and supply columns can be expected to be
completely neutralized by CS-IM attacks, provided the agent clouds
ave replenished frequently encugh. A period of enemy troop paralysis
would ensue until masks could be provided, A four-week intertupticn
of Red infiltration would have unknown consequences on the Vietnam
war, Major area saturation with CS-IM would ba a tactic (like the
first German chlorine attack) that possibdly could be used cnly once
in a decisive way.™ A large force might be encircled by & CS~-IM ring,
and then incapacitated and captured. The enemy would probably try to

remain dispersed until masks were cbtained, Massive Search and de-
stroy operations could be instituted under the protection of the irri-
‘tant clouds during this interval.

(1) Mcdern masks provide st least a thousandfold protection v
so the dominant influence of CS would change frca troop incapacitation
to the troop harassment caused by continumous masking when good masks
are provided, " L

*However, Dorothy Kneeland Clark points out five chemical bresk-
through attacks in World War I.

“und-r ideal condivions,
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(C) A lumped parazeter for the loss of workina efficiency coused
by the physiological burden of a gas mask has been set at about 15 per-
cent (Ref, 6), Another 15 percent of the troops ray becose casualties
from poor fitting of masks. Thus, a 25 percent to 30 percent loss in
short-term capability may be ci'pected against nominally masked troops.
In addition, prolonged gas threats will invoke further reductions in
efficiency becauses .

1, A man cannot eat, drink,* smoke, vomitc, or
blow his nose while masked,
2. While sleeping, a mask may be pushed off,
3. Vision is reduced by the lens field and by
' scratches, dirt, and fog on'the lenses, Tele-
scopes and other optical instruments are hard
‘ to use because of the standoff of the lenses,
4, Dissipation of body heat-is hindered, which
increases the heat burden '1.1 the tropics,

Se. Facial skin infection can become a problem,
-6, Torn or damaged masks can be expected during
prolonged use, '

7. Voice communication is hindeved.*

8. Premature unmasking may cause casualties,

9, Failure to mask soon encugh may ke fatal
or incapacitating, .

(U) The last two factors each accounted for about 25 pewcent of
the AEF gas casualties in World War I, These American data peflect
the insidicusness of ‘mustard gas, which could not ba smelled in low,
but incapacitating concentrations, The percentages of zasking failure
ware naturally different for surprise phosgene attacks, which were any-
thing but insidious, Table 8 gives World War I statistics on projector
attacks with phosgene, '

'— -—
A few masks allow drinking and voice communication.

CONMDENTAL
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TABLE 8 (U). RERSONS FUR CASUALTIES FROM PROJETTOR ATTACXS

(Ref, 8)
Reason, 3 ia
‘1, Slow Masking .
4, Surprised when drums landed 500
b. Unexpected cloud drifr. 340
2. Surprised or Masks Lost or Defective " 1100
3. Fallure to Mask - )
a. Rsleep ' b - 19
b,. Wakened and could not find mask 79
¢. Direct hits (wounded or immed- 532
iately overcome) :
4. Mask Penetrated 52
§. Premature Unmasking 23
' TOTAL 2833

(1) Among nominally mask-equipped troops, U.S. field mannual .
M=3-10 estimates ~ 50 percent casualties from surprise attacks on
troops under major stress from exertion, fatigue, temperature, attack,
cr mental stress, : ;

(U) Troops engaged in nommal, mild activity would suffer 25 per-
cent casualties from a surprise chemical arvack, while tToops under
favorable conditions would suffer 10 percent casualties, .
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D. OPCRATIONAL EXANTLES

1._ Raipheng

(S) A harrassing attack on Haiphong is depicted in Fig, 4, A
bolt of CS bomblets 5 km long and 1 ka wide was presused laid across
the dock areas, The density of depositicn was 10 1d/ha, and 3o only
5000 1b of agent were cxpended, With a S-»ph wind from the nort'., ¢
tarjet area dosage of 40 mgemin/m¥ was anticipated {n the tarjs: azes.
A more detailed application of the formulas in TN3-200 shows a tarjst
dosage rising from 30 mg-ein/a’ on the upwind side to 70 eg-ein/a’ on
the downwind side, The 20 mg-sin/m3 contour extends downwind 1.3 ks
fiom the target; the 10 mgemin/nd contour reaches 3.8 km downwind; and
the 5 mg-min/e3 dosage drifts 9 ka, The tize of passage of the cloud
would be about 10 minutes; therefore, the dosage contours in Fig, <

. Tepresent about ten times the airborne concentrations,

(S) €S is generally considered intolerable in concentrations of
1.5 to 2 ng/m3 and distinctly harressing down to a concentration of
about 0,7 mg/m3, Experience in World War I and civilian riot data
shows that people will run asay from irritant windblown clouds, With
4 S5-sph wind, the Haiphong r'gsidnm could escape from the (S at a
rapid walk, The result, then, of this light attack would only be the
harassment and temporary dislocaticn of the population of this seaport.
Mo prolonged incapacitation would be expected, Work might De stopped
for 20 mirnutes to 2 hours, depending on whether or not the workers fled
to open country. Repeated raids aight result in varying degrees of
evacuation, since CS victims are generally considered highly reluctant
to face repeated doses, Such harassing raids would be a step toward
the Clauswitzian principle that "we sust place (the enemy) in a situ=
ation in which eom:iming the war is more oppressive to him than
surrender.”

($) If 10,0C0 b o! diphenylchlorarsine were used in puco of the
CS, concentrations in the target area would exceed 10 mg/m3., wWachtel
(Ref, 1) reports that 2 mg/n’ is intoleruble within 1 minute, and that
a 2-simute exposure to 10 ng/m’ causes vomiting, coughing, and pain in
the forehead, ears, and chest, fpliowed by dyspnoea ard dcmssion.
30
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Hypothetical Chemical Atteck on Haiphong. 5000 Ib of
Agent Deposited in 1x5 km Strip. Wind from the North ot

FIGURE 4 (C).



R T

B

s S

B a8

. S YTV

—y g omy omg om

4

»

Since the after-effects may last 10 or 20 hours, & si~7le reid =might
distupt e city for ¢ full day, unless masks were widely availsble,

(S) If 10,000 1b of GB were dispersed under these condisfons,

- .the vhole S-km? target area would be within the lethal contours, ond

hazardous dosage might extend 15 km downwind,

1S) An often heard question {3 whether atmnspheric variibility
rdkes rJosage contours too erratic to predict, If one assumes Clark
Fleld weather is typical of the Scuth China Sea area, then we note
lapss conditions apply only 4,2 percent of the tire and winds over
8 =ph cccur about 1.4 percent of the time, This would indicate that
target dosages would be within a factor of two of those shown in Fig.
4=-82 percent of the time--even if synoptic weather data were not .
used, Such pattern stability does not apply to isolated point sources,

but it i3 a result of the law of large numbers in an 4rray of bursting

munitions. This stability of rumerically larges arrays has long been
noted in fallout calculations, ; '

2. Hiroshima’

(S) The strategic nuclear attacks on Hiroshira and Nagasaki are
widely credited with terminating World War IT. Most of the destructicn
and deaths occurred within 1 mile of ground zero, Rs Fig, S shows,
25,000 1b of nerve agents would have produced a more extensive lethal
area with the meteorological conditions prevailing ar 08:17 on the
6th of August 1345, The direct comparison of LDgy contours is, of
course, @ considerable ovarsimplification if protective measures are

" available to the target population, The LDgg radius for people in

concrete buildings (not in shelters, lut merely in concrete buildings)
wis ocnly 0,12 miles, The LDgg radius outdocrs was 1,3 miles, Against
a GB attack, masking within 30 seconds would reduce the LDgg area to
2.5 k=2, At 60 seconds, the LD, contours would only cover the §ekm?
target area, Most of the windows within the target area would be
broken by bomblet explosions, although such bredkage may not be es-
sential to the attainment of serious indoor gas dosages., Tests have
shown that mustard penetrates mine tunnels by normal circulacion to

" @ remarkable degree; underground doses frequently approximate the ex~

terior dosagpswin 32

SEERES



http:penetra.tu
http:Nagas.ki

SO TPETY p

oy e ey oy o=y o= o= S O B

r—e r-—

(S) "Sose~wariations of fatalities with protection 4t Hiroshi=a
are estimated in the following tables '

Weapon Protection Fatalities
15 kt Randcm 68,000 (actual)
15 ket Concrete-buildings ~ 1,300

CB or VX aerosol None ~ 100,000

GB or VX aerozol 30-sec masking ~ 25,000
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FIGURE 5 (C). Hireshima Under Nucleor ond Chomical Attack
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VI. DISCUSSION

(C) The variety of chemical options may be sumwmarized as
. follows1 *
3 orders of lechality (~ 0%, ~ 1%, 25%)
3 orders of coverage/1d (10X, 100X, and' 1000X KE)
. 3 orders of peraistonca (1 hour, 1 day, 2 wewks)

4 orders of duration of incapaciutim (10 min,
100 min, 1 day, 6 weeks)

3 types of attack (eyes, respiratory, and pu\:utmm)

(C) Of course, the 324 cells in this matrix are not all occupied
by a specific chemical, but the variety is still far-ranging. Begin-
ning with the three ranges of lethality, it {s clear that we have two
steps on the escalation scale below the 25 percent conventicnal HE
lethality. The third range, aerve gases, represents a higher lewel of
escalation than HE--not because of a higher fatality rate, dut Decause
of grester coverage per pound and the greater downwind hazard of.GB.
Still, it is in the dimension of time that the chemicals have their
B0st unique contridution to make.

(C) Pursistence in time of the ulquhultlrdl suggests the de-
nial of the dock areas of Haiphong, the contamination of tmahimm:
areas of both railrocads and trucks, and the blockade of major infiltra-
‘ticn routes.  Contamination of machinery, trucks, river boats, truck
parts, food, guns, and ammunition could put an immense burden on the

" already taxed North Vietnam supply system. Repair of contaminated
bridges, pontoon bridges, factories, roads, and power plants would
have to gwait elaborate decontaninatien measures. . Viet Cong attacks
on Saigon and Hus obviously call for CW employment in place of gunfire,
rockats, and flame. mdwmmwmu saved by

COMRRAL :
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the use of heavy clouds of nonlathal chemicels. Tha success of DM
againat the Koreen POW riots is indicative. '

(C) Vit Cong sanctuaries, such‘u Zone D, are natural candi-
dates for area denial. Either the low=-volat{le wvesicants or the sil-
iconized -iot agents could be used.

(C) Barbed wire and mine barriers would be extremely hard to
penetrate if they were heavily costed wizh T-agent or mixed with =ines
containing VX or T-agent. A mixed chemical and EE minafield can be
just as well celineated and marked for civilian uhty as an on:mny
ainefield.

) (C) Barriers can, of course, puwnt escape as well as prevant
entry or infiltration. The possibility of trapping a major portion of
North Vietnam divisions by chemically hlocking escape routes appears
very attractive when coupled with an all-out chemical incapacitation
attack. The sudden capture and eliminaticn of the bulk of the North
Vietnamese ammies might be possible by a sudden massive employment of
nonlethal chemicals before the North Vietnamese could obtain masks
and other chemical protection. The tide of an entire limited war might

‘be twrmed by the sudden exploitation of chemicalse-just as the Germans -

might have won W T by complete exploitation of their chlorine break-
(C) Evan without a decisive victory, the use of chemicals might
reduce the cost of comdat dramatically. For instaxe, truck destruc-
tion by ROCXEYE IT bomblets requires 4750 1b/ha, while 10 gn/m® of
vasicant spray would ﬁﬂouzy contaainate both ttucks and cargo with
an expenditure of 220 1b/ha.® The 60,000 tcns expended by B-523 around
Khe Sanh in 1968 might have been replaced by a few thousand tons of
chemicals--perhaps a ten- or twenty-fold reduction in sorties. Pres-
sure against North Vietnam could be maintained by relatively light
veids with CS_, BZ, DC’, or ‘r-a.gtnt. The reduction in U.S. effort

_
The relative ease of truck doemcuiul::tm versus truck repair i{s

uncertain.
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would include not only airpowsr but also the nusber of ground troeops,

since chemically equipped troops are considerably enhanced in fighting
power, as German mustard gas ¢mploymant showed in 1918.

P4 =g Omg Oumd

(C) It might ba argued that Cw will also be used by North Vietnam.
But with his limited payload 'del.i.vuy capability, the enemy would have
to sscalate to nerve gas to achieve any effectiveness. But escalation
to nerve gas would seem to be suicidal for a cowntry without air su-

- periority and without lavish chemical defenses and medical resources.
=, . Esealaticn to nerve agents on our part would further reduce U.S. sor=
" tie requirements in North Vietnam for a given damage lavel.
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VIT. CONCLUSIONS

(C) The following conclusions regarding the use of cheaical
weapons to perform strategic inrerdiction missicns apply generally to
any limited war conditions. However, conclusions § through 9 apply
specifically to tha Vietnamese war. 3

1.

3.

. 4,

5.

7.

Several CW nonlethal agents offer a major extension.of air-

. power's ability to deny areas that are either toco large for

HE covarage or are proscrided for fear of civilian casualties.
Both lathal and incapacitating chemical payloads can give a
singls B-52 an effective wespon area coverage greater than
the atomic bomb used at Hiroshiza. _

There are indications that costs of U.S. military effort
pight be markedly reduced (for & given degree of effective-
ness) by the extensive use of either nonlethal or lethal
chenicals. This area of cost should be more thoroughly
investigated. '
Strategic interdiction chemical attacks would enhance our
air superiority and would be difficult to counteract for

an enemy without air and technological superiority.
Gf‘hu"ﬂors could restrict infiltration across the DMZ and
the Lacs-Vietmam border. : '

The Ho Chi Minh Trail might be sericusly restricred by non-
lethal agents=-particulary the nongasecus liquid vesicant
T-agent. ! G &
Jungle sanctuariec, such as Zone D, could be neutralized,

- and.ths Viet Cong now there could be driven ocut by nonlethal
agents. -

37
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Najor Viet Cong units could be {solated and dafeated by
ncnlethal ring and ares attacks.

Haiphong herboe and othee transshipmert ports could be
largely disadled dv norlschal asmits,
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“"APPENDIX A .
COMPARISQN OF ~LOUD THEORY WITH EXVERDVENT

(C) As a check of Eq." 8, &4 theoretical calculation can be made
of a Livens projector shoot at the British test facilicy et Porton.
Equation 8 predicts a radius versus time for a Livens shell as shown
in Fig. A=1. The corresponding agent concentraticn is also plotted.

(C) At Porton, the Livens shells hit, on the aversage, 12.5 m -
apart. Thus, from Fig. A-l, overlapping of c}d>uds started by 10 zec.
The transit time of the cloud was about 70 sec, 30 the average height
of the cloud (assuming surface bursts) was about 1§ m, the save as
the average radius from 10 to 70 sec. Since 18.5 gnlnz of agent were
nlnud the average concentraticn from 10 to 70 sec was a!:rmt 1000
ng/a>, given a dose of 1000 mg-ndn/m’.
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FIGURE A~1 (C). Caleulated Livens Projector Clowd Expaniion ond Concentration
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(C) Prior to 10 sec, the concentration varies as -} because
there i3 no overlsp. Using Eq. 8 for R, one can derive * equations
for the concentraticn (C) and dose (D) as follows:

' € = Concentration = mass of agent (m7)
I © A3 wR

dabie a-1)
s 0w {1280 18) x 105 ng
‘ .
(C) For a Livens projectile,
My=28ky N, =0.1kg
. "agnnt =~ 13.6 kg
> from Eq. B
| 1/8 ,
R= 4700 x 28 x(ﬁ-ﬁ) xt*% by Eq. 8 C L (Ae2)
sR=15.5 xggr x t/% 2 7.6 ¢}* nevers (A-=3)
: s
:, Concentration = 1380.X 10 ¢-3/4 4 19,000 ¢=3/4
~ (A=4)
- ¢ = 10,000 ¢t~3/4
And dese = D = [C ar = 40,000 £*/* rg-sec/m’ (A=5)

(c) .Mmr the burst clouds start to overlap at 10 sec, the con-
centraticn will cnly decline as e 1/4




":,‘ﬁ-'"-

~Fert > 10 vecs

il

And dose = D '-/:o C dt = (4327 £3/% - 2400) egesecss’ (-]

(A-6)

(C) Total cose from 0 to 70 sec for (areas in tha cloud &t 1
sec) rnow becomes from Eqs. A-5 and A-7.

Total Dose = 1170 + 1500 = 2470 egenin/’ (A-8)

(€) But during the first few seconds, only adout two-thirds of

“the area is covered by clouds, therefore, an auuaq- dose for tha whole

area could be:

Dose = 800 + 1300 = 2100 mg-ain/n’ a9

(C) The measured dose at Porton was about 3500 -g-muu'n’ {or
tvice the preceding derived value), but it must bs remembered that
tha thecretical model assumes spherical symmetry, while surface bursts
are henispherical with most of the volatile agent not retained in the
ground. The net effect would ba to double the dosage, giving very
good agreement with the Porton measurements.

{C) Equatien 16, however, predicts a dose of 2160 mg-ntn{-l,
which is wvery closs to the un=oriified theoretical value derived on
pages 41 and 43,

s |
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. APPLNDIX B

HAZARD FROM CCMMON TOYIC CHEMICALS AND RIOT CONTROL ACENTS

(C) The following table presents the hazards to be expected

. from the deployment of various toxic chemicals and riot control agents.
Note that for short exposures, the riot contrel agents are no sore
. toxic than ammonia or hydrogen sulfide. :
) Lethal in ' Prolonged
Short Tire Lethal Safe ,
= Agent ~{3=5-min} (30=60 min) Lewel Faference
Phosgene 1000 mg/m’ 100 mg/m’ 4ng/a’® | Lange's
Handbook .
- - Chemicass
Chlorine 3000 . 200 3
Carben 10,000 2000 ‘400
Monoxide :
Amania 6000 2000 . 60
Casoline | 20,000 - 13,000 -
DM, DA ' 5000 © 500 .2 | ™-3-215
co - 4500 f110(¢8 hr) | Wachtel;
{1 hr) 460(1 hr) | Chemical
‘ Warfare
Rydrogen 1400 700-1000 280(1 hr)
Sulfide 4-20(6 hr)
Hydrogen 300 - - '
Cyanide ) )
cs ) ' 20,000 2000-4000 0.7 Science Journal|’
Alcohol 10 oz 10 oz 1/2 cz/hr Note small
' safety factor
© a3
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