' AD-A154 376

UNCLASSIFIED

NITROGEN CHEMISTRY IN SER LEVEL RIR FOLLOMING LARGE

RADIATION DOSES(U) MISSION RESEARCH CORP SANTA BARBARA
CA M SCHEIBE 15 JUN 84 MRC-R-845 DNA-TR-84-307
DNAGO1-8@-C-0151 F



4

|

FEFEEEE
EEEE
EFE

Er
H £
e

I
l=

==
B

it

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




R R SRS AR e et It s A a iy o SO B & Cp A i T

A AL ETY Lo
| | @
AD-A154 376 *

DNA-TR-84-307

NITROGEN CHEMISTRY IN SEA LEVEL AIR FOLLOWING T
LARGE RADIATION DOSES R

LA
Murray Scheibe
Mission Research Corp '
P.O. Drawer 719 S
Santa Barbara, CA 93102-0719 0]
: 15 June 1984
» Technical Report
: CONTRACT No. DNA 001-80-C-0151
APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED.
) THIS WORK WAS SPONSORED BY THE DEFENSE NUCLEAR AGENCY
o UNDER RDTAE RMSS CODE B322081466 S99QAXHD00004 H2590D.
e DTIC
. KO Prepared for ELECTE
0 - Director JUN3 685 .
::fl B DEFENSE NUCLEAR AGENCY 2
SR~ Washington, DC 20305-1000
R = g B
L




N A
[
o e
Al
.:. ..:::.
. Destroy this report when it is no longer needed. Do not return
to sender.
PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: STTI, WASHINGTON, DC 20305-1000, IF YOUR
ADDRESS IS INCORRECT, IF YOU WISH IT DELETED
FROM THE DISTRIBUTION LIST, OR IF THE ADDRESSEE
IS NO LONGER EMPLOYED BY YOUR ORGANIZATION.
. T
- NN
-.. l".\..\‘
s RRRRAN
.:‘ '.:_‘-:".
. |\ - -."'
% ?'. s
N
o




g i} —
VR QAT AN

- -

'

NI

UNCLASSIFIED

SeCLRITY C_ASSFCATON QF 7S 24GE

L AN e e gs sunic)

REPORT DOCUMENTATION PAGE

'a RESQRT SECLRITY CLASSF-CATION

UNCLASSIFIED

‘b. RESTRICTIVE MIARKINGS

23 SECURITY CLASSIFICAT'ON AUTHORITY

3 DISTRIBUTION/ AVAILABILITY QOF REPORT

25. DECLASSIFICATION - DOWNGRADING SCHEDULE

Approved for public release;
distribution is unlimited.

4 PERFORMING ORGANIZATION REPORT NUMBER(S)

MRC-R-345

5. MONITORING ORGANIZA™ TN REPORT NUMBER(S)

_ONA-TR-84-307

63. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL

(If applicable)

|__Mission Research Corporation

73. NAME OF MONITORING ORGANIZATION
Director
Defense Nuclear Agency

6c. ADDRESS (City, State, and ZIP Code)

P. 0. Drawer 719
Santa Barbara, CA 93102-0719

7b. ADODRESS (City, State. and ZIP Code)

Hashinqton, DC 20305-1000

8a. NAME OF FUNDING /SPONSORING 8b OFFICE SYMBOL 9 PROCURIMENT iINSTRUMENT DENTIFICATION NUMBER
QRGANIZATION (If applicable)
DNA J01-80-C-0151
S¢c. ADDRESS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK LNiT
ELEMENT NO NO NO ACCESSION NO
62715H S99QAXH D DHO05185

TITLE (Include Secunty Classification)

NITROGEN CHEMISTRY IN SEA LEVEL AIR FOLLOWING LARGE RADIATION DOSES

. PERSONAL AUTHOR(S)

Murray Scheibe

13a TYPE OF REPORT
Technical

13b. TIMF COVERED

14. DATE QF REPORT (Year, Month, Day)
1984 June 15

15 PAGE COUNT
40

rrom 80Feb01 r081Sep30

16. SUPPLEMENTARY NOTATION
This work was sponsored by the Defense iluclear Agency under RDT&E
RMSS Code B322081466 SISGAXHDGO004 H2590D.

17 COSATI CODES 18 SUBIECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Nuclear Burst Radiation Chemistry
4 1 Nitric Acid Bomblight
6 18 Nitrous Oxide

19 ABSTRACT (Continue on reverse if necessary and identify by block number)

The electron densities near a large yield nuclear burst during the first few seconds
can inpact the performance of terminal defense radars. The main chemical paraneters
which determine the electron density in this situation are the electron attachrent and
detachment rates. This report describes work done to determine the production of HNU
and N,0, good attachers of electrons, by the burst radiation and the effect on electron
detachment caused by bomblight induced photochemical reactions.

I[n the matter of the production of HNO3 and N,0 the results of an experinent done at
Cak Ridge were used to revise the reaction scheme used in the chemical integration code
used to simulate the nuclear case. It was found that the irradiation tine is a critical

factor in the production of HNU3, An order of magnitude or more less HNU3 was procuced

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECULRITY CLASSIFICATION

CuncLassiFiedunumiTed [ SAME as RPT O orc usess UNCLASSIFIED
22a NAME OF RESPONSISLE NDIVIDUAL 22bH TELEPHONE (include Area Code) | 22¢ OFFICE SYMBOL
(202) 325-7042 DNA/STTI
DD FORM 1473, 8a MAR 83 APR edition may be used until exnausted SECURITY CLASSIFICATION OF THIS PAGE
All other edit:ons are obsolete.
UNCLASSIFIED
o CRPCRIC R I I BS Al I I S Il P P, NIt BV N PRIPC P JRPS I PN P B BB S I S I BT IS e




AT AT A aTh iy SR L et e Sa i s e RS (ate St Snsre e St J e Rt St B A AT A CH M S S v e . N TR TV TR TR LTI R TN N LR NS

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

19. ABSTRACT (continued)

in the nuclear cases simulated than in the lahoratory experiment where the irradiation
times were longer, HNUS, however might still be an important attacher of electrons in

the nuclear case.

The bomblight does not appear to affect very strongly the electron densities in the
air outside the fireball. The delayed yamma-ray radiation tends to overwhelm the
bonblight effect.

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

e LT - Nt e e et e e eyt e T L. - P . e P - _ .- a .
e > B AT I ATVE - S e T e LS

PP A e e U, '.'°._ S et tat e N .
A e L N e L e e L AN A e T e e e e T e T e e e e S S T L




TABLE OF CONTENTS

Section Page
1 INTRODUCTION 1
2 RADIATION INDUCED NITROGEN AND HYDROGEN CHEMISTRY 3
3 OAK RIDGE EXPERIMENT 8
4 ION-ION RECOMBINATION 10
5 NO, NEUTRAL CLUSTERS 12
) CALCULATIONAL SIMULATION OF EXPERIMENT 14
7 NUCLEAR EFFECTS CALCULATIONS 18
8 BOMBLIGHT EFFECTS 27
9 CONCLUSIONS 26

REFERENCES 27

Accession Fgr 4}
T NTIS GRA&I 7

DTIC TAB O l
Unannounced O E
Justificatio :
— —
By —-- —
Distribution/

Avallatility C°d3§”
" iAvall and/ar
Dist Speclal

Y
G A A ST
L‘L'.'. TIPS A TR R T




i \ s - 4 . ey~ e N T T Ty Ty Ty vy vy vy v v =
PANDAIL S S R AR N S 2t S, A, il 0 B S At AL N Nl Nt ANERSIE RIS A RSN AR A A AR SR .

r
S
N

I

if
%:

Fl

i

L-

SECTION 1
INTRODUCTION

The electron densities near a large yield nuclear burst (i.e.,
within about one fireball radius) during the first few seconds can impact
the performance of terminal defense radars. The main chemical parameters
which determine the electron density in this situation are the electron
attachment and detachment rates.

The photochemical process caused by bomblight are poorly under-
stood and we thought that these mechanisms might increase the electron
density at the time of thermal maximum sufficiently to degrade these rad-
ars. Increased attachment on the other hand would decrease the electron
density and could be caused by species which are produced by the high
energy radiation emanating from the nuclear weapon (X-rays, neutrons,
gamma rays). The production of long lived species, such as NO, NUZ, HNUZ,
HNO3 and N,0 is not, as yet, well understood. In particular HNO 3 and,
under certain conditions, N,0 are known to be efficient attachers of elec-
trons.

In the work covered in this report we have attempted to deter-
mine the production of HNO3 and N20 in the nuclear case. In this work we
used the results from an Uak Ridge experiment to be described to improve
the chemistry scheme in our computer code.

The first section which follows will describe the nitrogen and
hydrogen chemistry governing the production of HNO3 and N0, The next

section describes the Oak Ridge experiment and its results. The following
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two sections describe the revisions made to our chemistry code to increase
agreement between the code and the experiment. The next section shows the
results predicted by our code when simulating the experiment and the

degree of agreement and the following section describes the results of the

revised code in simulation of a nuclear burst. The next to the last
section describes our efforts to calculate the effects of photodetachment
and photodissociation on the electron densities near a burst. The result

of this was negative. The final section contains our conclusions.
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SECTION 2
RADIATION INDUCED NITROGEN AND HYDROGEN CHEMISTRY

The production of long tived nitrogen minor species is initi-
ated by the deposition in the surrounding air of the high energy radiation
from the nuclear weapon. The degradation of this energy is accompanied by
the production, in addition to electron and ions, of species not normally
found in ambient air in appreciable quantities. Table 1 contains a list
of these species and the yields per ion pair. Also listed is the ion
distribution. These numbers represent the best estimatels? byt have

considerable uncertainties associated with them.

Table 1. Species production per ion-pair.

N, 0.63




RSN E N EA R M S st A A g S i A A A PN N S A e e A e SIS e e g SOMEFR S I B e S gl g o

The species (UZ(IA), 02(12), o(), N,(A) and N(2D) are metastable excited
electronic states. O(3P) and N(*S) are the oxygen and nitrogen atom

- ground electronic states.

The production of species such as NU, NO,, HNO,, and HNO 4 is

hizhly dependent on the production and subsequent chemistry of N(“S) and

N(2D). Virtually all of the N(2D) enters into the two following reac- :QAf?
tions. C{,{ﬂ
N(2D) + 0, » NO + O (1) R
.p‘ »9;4
fe

N(2D) + H,0 » NH + OH (2) O

(When an excited state is not indicated the ground state is assumed.) At
altitudes above sea level reaction 1 is by far the dominant mechanism
depleting the N(ZD). At sea level altitudes, however, the water vapor
density is large encugh to make reaction 2 account for as much as half of

the N(2D) depletion. The products of reaction 2 are uncertain but aie

3

probably as shown. The introduction of NH adds even more uncertainty

into the chemistry since very little is known about the reactions of this
species. The rate coefficient of only the reaction

NH + NO » Products (3)

has been measured* but the products are unknown. We had to estimate or

guess the other reactions and rate coerficients involving NH,

The ground state nitrogen, N(*S), will primarily enter into the
following reactions.

N+0, =N +0 (4)

N+ N >N, +0 (5)
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N+ N0, » N,U + 0 (6)
N+OH »NO +H (7)
3 N + HO, > NO + OH (8)

Reactions 4 through 8 are those mainly responsible for the conversion of
the initially formed atomic nitrogen back to N, or to NO and N,0.

The sum of the N(“S) and N(2D) formed initially is (from Table
1) 1.24 per ion-pair. To this must be added the Nt (0,14 per jon-pair)
which will react with air species to yield N(*S), N(ZD), NO, NO, or N,J.
This 1.38 "odd nitrogen" per ion-pair is the pool from which N,0 and
NO,, where x =1 or 2, will eventually be formed. The N,0 is extremely

stable with regard to reactions with other neutral species. Some of the
NOy will continue to react according to the following majur reactions

NO+0+M +NO, +M (9)

NO + 0, > N0, + 0, (10)

NO + HO2 + N0, + OH (11)

O + NOZ + NO + ()2 (12)

H + NO2 + NO + (OH (13) ::-'_':-f:_
®

NO + OH + M+ HNO, + M (14) t;jif

N()2 + OH + M » HNO3 + M (15) ._;:_--:,1
EACRCR

The above reactions will cause some of the N0y to he converted to

HNOy, where y = 2 or 3.




Many of the reactions listed heretofore involve H, UH and HO,
as reactants. Some of the "odd hydrogen" comes from reaction 2 and other
neutral reactions. The bulk of the odd hydrogen, however, is generated by
chemical evolution of the positive ions. Unless the electron density is

013 em-3) virtually all the initial

extremely high (greater than about 1
jons undergo a complex evolution prior to recomhination which yields ions
of the form H30%. (Hy0)p, where n can be zero through four in our code

and higher than four in the real world. Obviously at some point in this
ion hydration scheme an H,0 is broken up and an OH radical released. When
the H3O+ » (H,0)p recombines, either with an electron or with a negative
ion, an H is released. This will generally combine with 0O, to form HU,.
Thus more than two odd hydrogen species are formed per ion pair (the odd
hydrogen formed by reaction 2 must be added to those formed by the ion

hydration and recombination).

These species, however, are not long-lived. Several processes
act to reconstitute water vapor or H,. The most important of these is the

reaction

OH + HO, » H,0 + 0, (16)

This has a rather large rate coefficient at sea level densities (~ 10-10
cm3/sec) and the size of this rate coefficient controls the amount of odd
hydrogen present and causes it to decay rapidly when the ionizing source
is turned off.

The amount and distribution of odd nitrogen species will
greatly depend on the chemical scheme, the main features of which have
been described ahove. The size of the radiation dose and its duration
will also have an impact. If the dose is large enough, the air will be

heated considerably.
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Because of the size of reaction 16, the amount of the HNU2 and i{}:
HNO3 formed hy the above reaction scheme is minimal. For the radiation Sl
pulses characteristic of nuclear bursts, i.e., large doses of about a L 3
millisecond or less duration, we obtain at most 0.1 comhined HNO, and HNO, ’
produced per ion pair. In general, the shorter the pulse the less we
obtain.

@
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- SECTION 3
o OAK RIDGE EXPERIMENT

Oak Ridge National Laboratory conducted an experiment® in which
a parcel of air was irradiated with a beam of 1.0 MeV electrons and the
gas was periodically analyzed by infrared spectrophotometry. The dose
rate was 1.73 x 1020 eV/min for an air volume of 3.80 x 102 cm3, This
corresponds to an ionization rate of 2.2 x 10 jon-pairs/cm3-sec. This
is less, hy many orders of magnitude, than that experienced by a parcel of
air close to but outside the nuclear fireball. The sample was, however,
irradiated for up to 60 minutes or more and this is many orders of magni-
tude longer than the neutron and X-ray pulse from a nuclear weapon. The
- total integrated dose is of the order, or greater, than what might be
T expected in the nuclear case. The experiment showed that for a total dose

of about 8 x 1016 jon-pairs/cm3, there were 8 x 1018 cm=3 of HNO; formed

o and 2.7 x 10'® cm=? of N,0 formed. The production of HNO, continued
beyond that dose at a rate linear to the dose until all the water vapor
was depleted. Beyond that point the HNO3 disappeared rapidly and NO, was
formed at the same rate as that of the HNU; depletion. When all the HNO,
- was gone the rate of N0, production per ion-pair slowed considerably. N0
:ﬂ continued to be produced throughout the whole dose range but decreased
- somewhat at high integrated doses. No mention was made of HNO2 and we
assumed that none was observed. In a variation of the experiment NO2 was

;f initially added to the air sample. In that case no HNO3 was produced and
o only about half the NZO.

The nuclear cases of interest correspond to total doses which
would not deplete all the H,0. At doses such that the H,0 would be sig-
nificantly depleted, the air temperature would become high enough to

8
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thermally dissociate the N,0 and HNU3 and cause the chemistry scheme to be

. different. In the experiment the irradiation was spread over a time long
enough that cooling by the walls probably kept the air sample from getting
significantly hotter than ambient,

Our multispecies chemical integration code using the neutral
chemistry scheme described earlier predicted a much lower production rate
for HNO, than was observed in this experiment. Since HNO; is a very
efficient attacher of electrons, and since the value we calculate is far
too low, we reviewed our chemistry looking for changes that would increase
the HNO; production and bring it into agreement with the experiment.

1§ These revisions could impact the nuclear case significantly.
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SECTION 4
ION-ION RECOMBINATION

It was noted earlier that the positive ions produced initially
by the weapon radiation are transformed into ions of the type H30* .
(H,0),. At sea level densities the electron attachment coefficient is
very large (about 108 sec~!) and unless the electron density is very high
the electrons will attach before they recombine., The primary negative ion
initially formed, 0,, will be involved in a complex chemical scheme in
which it is transformed to NO; and NO3. Ions such as 0%, 0,, CO3, CO,
and OH” act as intermediates in this transformation. The NO, and NOj may
also be hydrated, i.e., have one or more attached water molecules.

The products of the recombination of H30+~(H20)n and NOE and
NO3 are unknown and we have heretofore assumed the following

H30+.(H20)n + N0, » H + NO, + (HZO)n+1 (17)

H30%e(H0) + NO3 » H + NOg + (H0) 11 (18)
The choice was arbitrary and could have been

H30"«(H,0)  + NO, » HNO, + (H,0) . (19)

H30*.(Hp0)  + NO3 » HNOg + (Hp0) ., (20)
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In fact, from an energetic point of view, reactions 19 and 20 would be
preferred. Under conditions which would allow all the ions to convert to
those shown in the right-hand side of the above reactions, i.e., when the
dose rate and electron density are small, we would expect a yield of about
one HNO, or HNO3 per ion pair just from reactions 19 and 20. This would
certainly contribute greatly in the Oak Ridge experiment. In the nuclear
case the dose rates and electron densities are much higher and the yield

of HNO, and HNO3 would be somewhat less,

In addition, when reactions 17 and 18 are used the free hydro-
gen released combines with 0, to form HO, which then can react with OH by

When reactions 19 and 20 are used instead of 17 and 18 the
These species can also react

This

reaction 16,
hydrogen atom is tied up in HNO, and HNO,.

with OH to yield H,0 but with much smaller rates than with HO,.
means the water vapor reformation will be slowed and the OH will be around
This should enhance the HNO, and HNO; production by reactions 14

longer.

and 15,
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SECTION 5
NO, NEUTRAL CLUSTERS

Another change that was made in our chemistry scheme was that
the species N,0g and HO,NO, were added. These species are formed in the

following reactions
NO, + NO5 + M » N,Og + M (21)
HO, + NO, + M » HO,NO, + M (22)
These species have been ohserved and measured rate coefficients for reac-

tions 21 and 22 have been reported.®s7 At temperatures above about
300 K the species N,05 did not have much importance and we will therefore

L 4 7
IR

not discuss reaction 21 any further. The species HO,NO, did have a sig-
nificant effect. The only reported reactions involving this species are

OH + HO,NO, + Products (23)
- 0+ H02N02 + Products (24)

Reaction 24 has an activation energy of about 0.3 eV and is therefore not

s
LY

very important at ambient temperatures. In the nuclear case, however, it :%%;:

: may be important under high dose conditions. We have assumed two channels ;&:ﬁ;ﬁ
; for reaction 23 and divided the reported rate coefficient equally between igz“g
them. The first channel yields HU, and HNU, as the products. The second SN d

yields Hy0 + 0, and NO, as the products. In the first case the rate 37!%7ﬂ

coefficient is less than for the direct formation of HNU3 from OH and NO, ;c fﬁ

?i 1;1-
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(reaction 15). In the second case the rate coefticient is auch less than
the direct reaction of OH and HO2 (reaction 16). Thus having a substan-
tial amount of the NO, and HO, tied up as HO,NO, would decrease the rate
formation of HNO; and the rate of reformation of water vapor. Reducing
the rate of water reformation would, however, extend the longevity of OH
and this would enhance the formation of both HNO, and HNO, by reactions 14
and 15, As it turns out the longer persistance of OH seems to dominate in

the Oak Ridge experiment but in the nuclear case the net effect is minimal

for a variety of reasons.

----------------------------------------------------

---------------------------------------------
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SECTION 6
CALCULATIONAL SIMULATION OF EXPERIMENT

We have run our multi-species chemical integration code to sim-
ulate the Oak Ridge experiment. Our code integrates the coupled rate
equations for electrons, 27 neutral species, 27 positive ion species, and
eleven negative ion species. The code contains over 45U reactions in
addition to the two-body and three-body ion-ion recomhination reactions.
Many of the latter reactions are lumped together in our code. This is
possible because we assume the same rate coefficient for all two-body
recombination and similarly for all three-body recombination.

A constant ionization rate of 2.2 x 101" jon-pairs/cm3-sec was
applied to air which contained about 0.1 percent H,0 by volume. The reac-
tion scheme inciuded reactions 25 and 26 rather than reactions 23 and 24
and also included HO,NO, and N,O0,. The code was run out to almost 5000
seconds which corresponded to a total dose rate of about 1018 jon-

pairs/cm3, The initial temperature was 298 K but the air was allowed to

heat about 0.5 K per second to a maximum of 360K. It reached this maximum
at a total dose of about 2.5 x 1016 jon-pairs/cm3 or at about 120 seconds.

Our calculational results are in fair agreement with the exper-
iment. Our HNO3 production is ahbout 0.6 per ion-pair and the HNO, produc-
tion is 0.1 per ion-pair. This compares with a value of 1.0 for HNO; in
the experiment and zero HNO,. The N,0 production is in even better agree-
ment. We obtained a value of U.3 N,0 per ion-pair. The experimental

value was 0.34,
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About 80 to YU percent of the HNO3 is made, as expected, hy

reactions 1b and 20, i.e.,

OH + N0, + M > HNO3 + M

HaU*e (Hp0)  + NO3 » HNO3 + (Hp0) .,

.-..-.

The remainder is made by other reactions, including reaction 23, A

significant amount of HNOj3 is destroyed by the reactions

L 2 e 2nn an g
O

N0, + HNO3 + NO3 + HNO, (25)
e + HNO; » NO, + OH (26)

Foth of these are reactions for which the rate coefficients have been

A v P s
A e ey N
e elte s LRI S

measured and it is reaction 26 which makes HNO3 potentially important in
the nuclear case.

F! The main production of HNGZ, surprisingly, is neither reaction

14 nor 19 but reaction 25. The reaction
ﬁ? NO*e (Hy0) 5 + Hy0 » Hy0%e(H,0), + HNO, (27)

also contributes. The main destruction mechanism of HNO2 is

O + HNO2 +> H20 + N02 (28)
The main production of NZU is through reaction 6, i.e,,

N+ NUZ - NZO + 0
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As the total dose increases beyond about 2 x 1018  the
increased temperature makes its effect felt. The HOZNO2 concentration
drops significantly as does the OH and HO, concentrations. The HO MO, s

very weakly bound and an increase in temperature of just b0 K causes the
large drop in its concentration. The UH can react more rapidly with the

free H02 and disappears more quickly. This reduces the production of HNUs
and causes the HNO3 concentrtion to drop dramatically to insignificance.
(This suygests that the experiment did not involve any temperature
increase.)

The HNO2 and N,0 production per ion-pair, however, remain about

the same as hefore at these large doses. Refore the temperature

; increases, the calculated HNO; production is about 60 percent of what was

- obtained in the experiment. We consider this fair agreement but more HNO 4
production is needed in the calculation to get better agreement. There
are a number of possible ways this may occur. One way is if the amount of
ground state and excited nitrogen atoms produced during the initial energy
deposition is more than we have assumed. The values civen in Table 1 are
the result of calculations using both theoretical and measured cross sec-

;E tions and a number of uncertainties are involved. It is quite possible

more odd nitroyen is formed than is shown in Tahle 1.

Another possihility is that the rate coefticient we have used
for reaction 16, i.e.,

OH + HO2 > HZU + 02

. is too large. This is a measured value but it seems to he pressure

- dependent and this is not yet understood. The uncertainty in this rate is

as much as a factor of two.®,” OO
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Still another possihlity to increase the HNO3 production is

that there are reactions which convert HNO, to HNO3. Some possible reac-

tions which accomplish this are
HNO, + O + M » HNO, + M (29) B
HNO, + HO, » HNO, + OH (30) 2 d

HNG, + Hy0p » HNO, + H,0 (31)
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SECTION 7
: NUCLEAR EFFECTS CALCULATIONS

Both a set of sequential bursts and a single burst (larger than
any of the sequential bursts) were calculated to simulate the effect on
the atmosphere of the prompt ionizing radiation from a nuclear burst
(X-rays, gammas and neutrons). Depending on the type of weapon and its
burst height, the prompt radiation can be deposited in the air anywhere
from microseconds to even milliseconds. We assumed a time variation such
that ahbout 80 percent of the radiation is deposited in the air by 10-3
seconds for the multiburst calculations. This is fairly typical of many
weapons detonated close to the ground. In this set of runs eight bursts,
thirty seconds apart and each having a total ionization of 6 x 1015 jon-

pairs, were calculated, Both the new and old chemistry were used. In

none of these calculations was the temperature allowed to rise. The
single burst, for which the total ionization was 6 «x 1016 jon-pairs, was

also calculated with both the old and the new chemistry. The temperature

i vwas allowed to rise as the energy was deposited and for 6 x 101 jon-pairs
* the temperature rise is about 350 K. 1In addition the bulk of the ioniza-
tion (about 80 percent) was produced by about 10-"% seconds rather than by
10-° seconds as in the multiburst calculations.

M 14 00 Me SN S

In the multiburst calculations, i.e., the set of eight consecu-
tive bursts, the HN()3 production was, surprisingly, the same for the old
chemistry and the new. After the first burst the HNOj; production was

about 0,05 per ion-pair which quickly rose with subsequent bursts to about

0.10 HNO3 molecule per ion-pair. Apparently the tying up of the NG, in
H02N02 decreased the HN()3 producton as much as the tying up of the HO,.
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In addition, during the time of n3ajor ion-ion recombination the negative
ion distribution has not yet developed fully and NOE is the major ion
rather than NO3. Thus recombination with H3O+(H2())n will yield HNO,
rather than HNO,.

The HNO, production is, therefore, larger than the HNOj; produc-
tion, For the new chemistry runs it is about U.l6 per ion pair and for

the runs with the old chemistry it is about 0.09,

The HNU3 production is much less than that for the calculation

described in the last section, i.e., when the ionization dose is spread
out over a couple of minutes, and the HN()2 production is greater. Une of
the reasons for this is N0Z is the major negative ion during the major
deionization phase. Another reason is that the OH disappears shortly o amend
after the ionization pulse decays while NU, takes time to appear. The fi}“f
overlap hetween the two is the only time HNO3 can form hy OH + NO, combin- Es
ation and this overlap time is short. 0On the other hand N0 is formed

almost immediately when the ionization pulse is turned on so that NO + OH e
comhination is favored. Still another reason is that in the puclear case :7}}1
the electron density is large enough to compete with the negative ions in _

;, neutralizing the positive ions. Thus reaction 26 contrihutes less to

<y production of HNO; than in the experiment.

- T:f51
- Ye see that the timing of the ionization pulse is a critical o
factor in the production of HMU3. Ftor a given total ionization the longer f:f;ﬁ
it takes the enerqy to be deposited the more HNO; will be produced. The A;:fl
- single pulse calculations for a total jonization of 6 x 101® jon-pairs and RS
Z; a 10="* second ionization pulse should give the same answers for HC 5 pro- {?iiﬁ
" duction as the rultiburst calculations since the total ionization is about ﬁ-nii
the same and the combined pulse time is also the same, The HNU3 produc- ;;;:j

tion was, in fact, much sraller. The volue was about 0,03 HNO3 per ion-

- Ao

.. : . EASASA

.. pair for the new chemistry and about 0,072 for the old. The BNO, produc- -~ -{

o tion was ahout 0.0# anc 0,05, respectively. This is a factor of atout - A

-y
19
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three, for the HNO3, and a factor of two, for the HNC,, less than the

multiburst results. The difference is due to the fact that in the single

burst calculations the gas temperature was allowed to rise as energy was
deposited. This 300 or so deqgree rise in temperature effects the HN()3 Z.‘V}
production in at least two ways. The first way, already noted in a previ- :
ous section, is to prevent a significant amount of H02N02 from being

formed. The second way is to reduce the value of the ion~ion recombina- {‘
tion coefficient. This rate coefficient is assumed to have a T-2.5

dependence and doubling the temperature reduces the coefficient by about a

factor of six. This means that electrons will compete more successfully

. . . L . . , . , - 4
with the neyative ions for positive jons with which to reconbine. This, 0
in turn, means that reactions 19 and 20 will produce less HNU, as well as ﬂftf;
HNO 5 . iR

To sum up our results regarding HNO3, the nuclear case will not _ng,f

produce nearly as nmuch per ion-pair as was produced in the experiment,
This is primarily due to the fact that in the nuclear case the bulk of tre
ionization is produced very quickly. [If the temperature of the gas is
raised significantly by the energy deposition the yield of HNO3 per ion

pair will be reduced further,

The attachment rate due to attachment to 0, at sea level is

between 5 x 107 and 108 sec~!. The attachment rate coetficient of HNO 5 s :it;j
5 x 10-8 cma/sec at 300 K, (The rate coefficient may decrease with Y .
increasing tenperature bhut this is unknown.) Therefore concentrations of i
hNO5 of about 1013 cn=3 or nore could change the total attachment signifi-
cantly, With a valtue of 0.03 HNU3 per ion=-pair this would require a total

ionization of about 3 x 1U'® jon-pairs or nore for the HNO, attachment to

dominate the attachment, lonization doses of this macnitude are quite

possihle within a kilometer or so of a large yield burst. % 2
RREAR

T

The value of the HNO3 production could be siunificantly largyer s

than the value of U.U3 obtained in the single burst calculation, Types ot

’ Jre,
s et ool b
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weapons which radiate the bulk of their energy over millisecond or ¢greater
times would yield more HNU;. The production of HNU; could also be
increased by the reaons given in the last section, i.e., if the amount of
odd nitrogen produced initially per ion pair is larger than we have shown
in Table 1, or if the rate coefficient for reaction 22 is smaller than we
have used, or if an efficient mechanism exists which converts HN02 to
HNO3. This last possihility could be quite important since in the nuclear
cases we have calculated, the HNO, production was two to three times the
HNO3 production.

The amount of N20 produced in all the nuclear cases we calcu-
lated was ahout 0.18 per ion-pair. For N,0 to compete as an efficient
attacher of electrons the N,0 must be in excited vibrational states
correspondina to the gas being heated to near 1000K or so. This requires
an jonization dose of between 107 and 2 x 107 jon-pairs. Under these

conditions the N,0 can become a significant electron attacher.

The only other species produced in the single burst nuclear
case in guantities large enough to be an appreciahle attacher of electrons
is H2“2' It is produced at the rate of about (.05 per ion-pair. The
reaction

e + Hy0, » H O + 0 (32)

is energetically very nearly resonant so if this reaction has a large rate
coefficient the reverse reaction should also have a large coefficient,
This is not the case.® However, as is the case with other molecules such
as N,0, the rate may increase dramatically when the H,0, is in an excited
vibrational state. Thus when the deposition is large enough to heat the

gas significantly, H202 may become an important electron attacher.
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SECTION 8
BOMBLIGHT EFFECTS

For a certain time after burst the fireball will radiate a
considerable amount of energy in the visible and ultraviolet regions of
the spectrum. This energy can impact the chemistry through photoexcita-

tion, photodissociation and photodetachment processes.

Although the temperature of the fireball during the radiative
growth phase can be very high (many eV), the radiation does not escape the
fireball. It is not until what is called "second maximum" in the radia-
tive output that the bulk of the rad{ative energy escapes. For large
yield bursts this occurs at a time of the order of a second and the radi-
ating temperature is ahout 6000 K, Since this is the same radiating
temperature as the sun we can obtain the photochemical rates at the point
in guestion by taking those derived for sunlight at the top of the
atmosphere and multiply by the ratio of the solid angle subtended by the
fireball to the solid angle subtended by the sun., This yields for the
photochemical rate, k

R

k = 4,6 x 10* (5)2 ke sec™! (33)
-
. where R is the radius of the fireball, d is the distance from the burst
E: point, and ks is the corresponding sunlight photochemical rate. k and ks
ey are in units of sec=l, For a nominal large yield burst the radius at
- first maximum is about 0.6 km. For d = 1.2 km we have
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k = 1.2 x 10" ke sec™! (34)

We wish to know whether the photodetachment rate caused by
these processes can ever dominate the ionization rate produced by the
delayed ganma radiaion from the weapon. To do this we use the detachment
rate coefficients obtained by equation 34 for the various negative ions
present and the negative ion distribution and obtain a value for the over-
all detachment of about 250 times the negative ion concentration, M-,
Virtually all of the detachment comes from the species 05, 07, N0, and
NOQ. For steady-state conditions, the value of M~ is given by7

M™ = Va/a, cm-3 (35)

where q is the value of the ionizing source in cm~3/sec and o, is the ion-
ion recombination rate in cm3/sec. The value of g at which the production
of electrons hy detachment is equal to the direct production by the ijoniz-
ing source is given by

b. T
q o3 x 17 cm=3/sec (36)

&4

For larger values of q the direct ionization will dominate the detach-

ment. Using a value of 1.4 x 10-% ¢m3/sec for a; e obtain a value from
tquation 36 of about b x 1010 cm=3/sec. At about a second and a distance
of 1.2 kilometers from the burst the jonization rate due to delayed ygamma
radiation is more than two orders of magnitude larger than 5 x 1010 cm=3/
sec.? Thus, hamblight photodetachment will not be an important factor in

determining the electron density when compared to direct delayed gamma

ionization. This has heen confirmed hy calculations using our chemistry
code.
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The bomblight can also indirectly affect the electron density
via photodissociation. The primary candidates for these effects are U,
and NU,. When an 05 photodissociates an atomic oxygen and an 0,('a) are

— T ——
. QUCRIOMRF AR

formed and both of these can chemically detach 0; and 0 via the reactions

EE 05 + 0,('a)

>0, +0, +e (37)

3» 02 +0 >0, +e (38)
U= + 0,('a) > 05 + e (39)

0" +0+0, +e (40)

The photodissociation of NO2 produces an atomic oxygen and an NO mole-

cule. The NO can detach 0~ by the reaction
0" + NO » NO, + e (41)
More importantly the decrease in 03 and NU2 concentrations as a

result ot photodissociation causes an atfect in the steady-state neyative
ion distribution. The transformation of initially produced U  and 0; to

more strongly bound negative ions, involves a number of intermediate

negative ions such as (3 and COE. ('3 is a vital reactant in the formation
of these species. N0, is involved in the further transformation of these

negative ions to NOE and NOS, jons which are not as easily detached as O~
and 0. A significant reduction of O3 and NO,, particularly O3, would
slow down this evolution of 0 and U, to N0, and N0 and would change the
steady-state negative ion distribution to one in which the concentrations
of 0 and O; would be larger than hefore. This would, of course, increase
both the photo and chertical detachnent,
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The sunlight photodissociation rates of U3 and NO, are both
about 10-2 sec~!. Multiplying this by a factor given in Equation 34
yields

k = 120 sec"! (42)

Adding this destruction mechanism to our code for 03 and NO, did make an
appreciable effect in the concentrations of these species, particularly
for U3. We also added the increased direct photodetachment by bomblight
of all negative ions. The combined effects did increase the detachment
significantly but still not enough to have detachment compete with the
delayed gamma jonizing source. Thus the electron density was not affected
significantly.

In addition, the effect of intervening 03 and N0, in reducing
the photon flux at the point in question was not included. 03, in partic-
ular, has a rather large absorption cross-section and an average 03 dens-
ity of only 1013 cm=3 or less hetween the fireball edge and the point in
guestion would severly attenuate the dissociating light flux. Our calcu-
lations indicate enough 0, would be present to reduce the photon flux at

least an order of magnitude or more.

If we were to move in closer to the fireball edge the effects
of photodissociation of 05 and NO, would increase. However, we would be
encountering gas which would be significantly heated by the greater inital
energy deposition and also by the outgoing shock wave. In this gas ther-
mal dissociation would become important and would outweigh the photo-
dissociation.

In suymmary, it does not seem that bomhlight will have any first

order effects on the electron densities in the air surrounding the burst.
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- SECTION 9
- CONCLUSIONS

Although the production of HNO, in slowly irradiated air is
large the yield is considerably less for the nuclear burst case where the
irradiation time is typically quite short. Enough HN03, however, is pro-

- duced in the nuclear case to make it potentially important as an attacher

;ﬁ of electrons. In addition, there are a number of uncertainties in the

ii formation processes leading to HNU3 production that might lead to an even

;' higher production of HNO,.

ho

2 Significant quantities of N,0 are formed in the nuclear case

fj but N,0 is only an important attacher of electrons in gas which has been

jf heated to about 000K or so. This might be accomglished by the initial

J energy deposition and the outgoing shock wave in a limited region near the
burst,

t' Bomhlight effects on the electron density are at most mar-

) ginal. Bomblight effects might be important for Tow yield weapons for

. which the radiating temperature at second maximum is significantly larger

v than 60U0 K, However, these effects would be limited to times much less

: than a second and to distances from the fireball edye of a firehall radius

f or less. For a low yield weapon this would be of the order of 50 meters

‘5 or less.
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