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SKCTION 1 - INTRODUCTIOWN

This repori presents the recults of a study yerforumed by Air
Reduction for the Atonie Energy Counission under Todd Shipyards
Job No. 2736 to determine the feasibility of recovering radio-
8ctive purge gas from the nucleer reactor containuent compartnent
on the Nuclear Ship Sevannah,

The nuclezr reactor on the N. 8. Savannah is completely confined
vithin a hermetically sealed contnminment vessel., This vessel is
loceted in # containment room which is held et e slight negative
pressurc to insure against any leakage of radioactive material to
other erens of the ship. The containuent vessel is capable of
vithstandiag the pressure resulting frem the rupture of any con-
ponent inside; however, thcere is a known leakage rate of about
1-1/2% per day to the containment roon.

In the event of e maximuw credible accident (MCA), there is a
possibility that radioactive Krypton and Xenon could be released.
If it were possible to remove or prevent these rediozctive zases
from being vented, operational) bencefits could dbe obtaincad by re-
ducing or eliminating the "zonc of exclusion." The cdditional
fail safe provisions which would be incorporated into the venting
eystem would assure added safety for both ships complenment and
passengers,

Should there dbe a control rod failure or other uccident which
vould result in a reactor lecak, the radioactive fission gascs
formed in the nuclear reaction would be confined for e large part
vithin the containmcnt vessel, These gases, however, would
gradually leak into the contzinment room due to the 1-1/2%

leakage and eventually be exhausted to the surroundings diluted

by atout a 200 SCFM eir ctream. It is estimaoted that the con-
centration o fission geses in the containnent room can range from
5 to 12 ppu by volume depending upon the activity of the reactor
gt time of failure.

As a result, Air Reduction vas requested to study the prodlen
and:

1) develop & aystew waich would reliably remove the fission
‘ gascs from the exhaust of the enip for np to a two-day
period, and

2]  ‘0'1|¢ a containment system which wonld store the fiscion
- products indefinitely.

o sequently, severel rcmoval techniques were studied so as to
r'ive at a system which could bes’ meet thoe necds of the N, 8.

dsorption of noble gases Wy - liquid, sdserption on a aolid,




o

In evaluating thene cystens, the prive considaration vas overall
reliability; there munst be no conpronise on perforuance, fGbe

unii must safely reduce the noble cas concontration in the ship's
exlaust te less then 1 part per ten million parts of alfr. The
second consideration ic cacge of operition sines pushbutten ctarting
end uaattended operation is cnvisioned. The third nout inmportent
contsiderantion wes to develop a system vhich could meed thece

design requirements at sun ccononicel cost.,

In eddition to determining tae proacticality of a nodble goes re-
covery system, it is the intent of this report to subnit the
preliminary engincering deteiis and design ceriteria necessery for
the subscquent preparation of final design drawings end the con-
struction of the proposed unit,
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Five basic systeus, cach appliceble to the problen, vere studied
aud are described in detarl in SECTION V -~ EYOTEMS DISCUSSION.
Au additional heat exchanger featuves aduptable to all wus also
investipgated. These systens vere then revieved with regrrd to
Ferforuance, sefety, operation, end reliability and two were
eliminated Lecause of serious deliciencies irn one or norec of
these arcas, Detailed cout apulyses were noi performed since
perforuance, safety, operetion end reliability were censidered
to be of greater importance at that time.

The reuwaining systems were further anelyzed with the elenent of
cost edded and two systenms were finally selected for couprehensive
engineering development and cost analysis., It was deteriiined

that these systems would best satisfy the c¢stablished basis for
design,

Systew C, a cryogenic distillation system shovn on Drawvirz No,

26 8818, presented an attrective choice since Air Reduetion has
obtanined substantial perfornance date for design from existing
operational air separation units. However, e system of this type
is unsuitadle for quick startup; therefore, the solid edsorption
Systeu B with cryogenic enrichment, shown on Drawving No. 26 8817,
is selected, This systenm, besides being the lcast coctly of tha
tvo, is sinple to operate gnd cxtremely reliable, The use of =«
eryogenic cnrichment wtep reduvces the equipnent size by increasing
the eificiency of the adsorption.

Decipgn Critering

————

In SECTION VI ~ DESIGN CRITERIA, sufficient inforration is presented
to pernit the deteiled design of the cryogenic adsorption systen
in e timely and orderly manner.

Process flov conditions ave included as well as the type and
perforanerce characteristics of all major pieces of ecquipment;
compressors, heat exchangers, storege tenk, adsorbent beds, con-
tirols, and instrurentation for process monitoring and ges analysis,



SECTION TIT - BASIS FOR DESTGH
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J1 General:

.
~-

This section suumerizes the information gethered from Todad
Bhipyards, the Atouie Encrgy Commission, snd the Savenneh
Technical Staff thet formed the basis for the preliminary
design und dovelopment of a feacible sysien for the separction

and conteinuent of radionctive nchle gases from the N, S, Savannanu

4

exhavci air streean,

For clarity, the inforuation is segregoted into distinet cate-
gories of performance, operation, arrongement, safety and re-
liebility, and shipboara use,

FPerformance ;

T i .. ]—

The system shall be designed to reduc: 4he concentration of raad-

active noble gases in a 200 efm air exuauct streem by & factor

of 100 or more., For instunce, if the inlet &ir strecam contairs
12 ppm of radicactive krypton, the systen shall reduce the ex-

heust stream concentraticn to 0.12 ppu or less,

s8¢ cysten chall be designed to rewove, insofer as Practical,
icdive ¢oapounds anad iodides from the 200 ¢fn air stream,

Operation:

ihe syctier chall bdbe designed so thet it will te on full time
stendby, recdr for instantaneous operation., Pushbutten actua-
tion is reguired at the time of an accident. Prior to an
accident, the 200 cfn exhaust gns stream shall be bypassed
arouaxd tle system,

The separation and containment of radiocactive gases shell be
cerried cut automatically vithout the need for personnel
mouitoring end adjustnent,

A minizup amount of maintenance sheall be required during stend-
by operaticn,

The liquid ritrogen recquired for the cperation of the system
shall be supplied frow a shipboard storage vessel. The liquiad
nitrogen lost due to the vessel heat lenk thall be replenished
by an existing Norcleo liquefier, except that the storage tank
shall have sufficient rescrve to fully operate the system fol-
loving & 20-day stunavy period during which no make-up is
supplicd Irom the liquefier,



e) The system shall be designed to remeve radiocactive gusce on

a continuous basis for two days following an eccident.

) The system shall be dcsigned to contain the separated pascs
for an indefinite period prior to disposal.

$
-
-
?-oh Arrancement :
i

(a) The system shall be connected in serics with and downstrean
from the reactor compartment exhoust fan and filter system,
(v) The shielding required for the system shall be determined and
; provided by the Savanuch Technical Stafi. The detail design
effort shall ideantify the areas which have high rsdioactivity
levels and the size ¢f the equipment that requires shieclding.

{e) The design shall provide for an independent Dpressurized gas
supply for instrument and controul valve operatioa.

83-05 Safety and Heliebility:

i.) The design shall provide for the ure of redundent equipment
: where necessary to guvarantec adequate reliability,

The design shall provide for the elimination of the potential
leakage of radioactive elements.,

Shipboard Use:

The equipment shell be designed to accommodate standard ship-
board conditions and to fit through & hatch 7-6" x 7'-6".

The system shall be designed so that shipboard instellation
" is feasible. The maximum allowahle height shall be 8 feet.

L The system shall be operable with a permanent trim of 5°,
during a continuous roll of +30° from vertical (period
variable from 14 to 30 seconds), and with a continuous pitch
of +3° from horizontal (7 second period). Tue approximate
tcczlcratinns are 0.6g for roll and 0.3y for pitch.

il

The unoble gas coutainnent bottles shall be unaffected by ship
. attitude chenges including 180° rotation during capsize.
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SECTION 1V - AUALYSIS OF Tillk LITERATURE

4«01 General:

A comprehensive literature survey was conducted to obilain inforna-
. tion on the following pertinent subJects:

« Rewoval of radioactive noble geses (Krypton and Xenon)
E from eir streans by various methods.

o Analyticel technigues for detecting and quantitatively
anelyzing the above fission proauctis,

« Busic materiasls of construetion for containment vessels
for radioactive materials.

+ Shipboard installation of liquid air distillation columns,

As was to be expected, the anount of material published in recent
Years is considerable. Fortunately, since itens 1-4 ere closely
related to the problew of cleaning effluent ges streams fronm
nuclear power instellations or of atmospheriec decontemination at
such locations, some valuable information is found in concentrated
form in the proceedings of periodic confercnces devoted to air
cleuning of AEC installations, nuclear recacto: chenistry, analyti.
cal chomistry in nuclear recctor technology. ete.

As vus also expected, wost of the information obteined in the liter-
ature search was nol directly sepplicable to the major problem

arcas. The final systicm solutions presented are, therefeore, based
mainly upon the experiences of Airco with similar systeus; with

the informetion obtained through the search acting as a reference.,
The following are abstracte of pertinent literature,

+-02 Krypton end Xenon Cos Collection and Conteinment Systems:

R

.2) Method For The Collection and ldentification of
Radicnetive Xenon and Krypton
J. Flygare, G. Welm=unn, A, Harbertson, C, Still
Presented et Sixth AEC Air Cleaning Conference, Boston,
July 7-9, 1959. TID 7593, KSA 15-6245

The Hewulth and Safety Division is responsible for radioactive
monitoring of out-plant arcus of the National Reactor Testing
Station. In order to deterwine if a leak existed in the Rela off-
gas systom a sampler capable of collecting radiocctive Xenon and

- Krypton vas required so that identificstion could be made. A
Baupler copsisting of a "U" shaped copper tube filled vith actie-
vated carbon and cocled with LQH has proved very effecctive,

h-1
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Two sizes have becn made using 3/4" and 1-1/2' tubing., The col-
lection efficiency for Xenon eand Krypton was essentlally 100/ at
flov rates of approximately 1 CFM. Several such samplers werc
used at strategic locations and disclosed some leaks in the pro-
cess system, Ketention of Xenon and Krypton in activated carbon
at room tewperature is also discusscd.

(b) The Disposal of Radioactive Fission
Gases by Adsorption
R. Ackley, R. Adams, W, Browniang, Jr.
Fresented at Sixth AEC Air Cleaning Conference,
boston, July 7-9, 1959. TID 7593, NSA 15-6245

. In the operation of various nuclear devices, special provisions

g must be made for disposal of gascous fission producte to prevent

: atnospheric containnent. A disposel system is described in whicl
noble gas fission products Kr and Xe are delayed by physical ad-
sorption as they pass through an adsorbeut such as activated
charcoal, A theoretical expression describing this process was
developed using a theoretical plate concept and verified ox-
pervimentally, HRetention times were meafurced for varilous adsorhents
including various grades of charcoal, silica gel, activated alun=-
ina, and molecular sieve naterial. Retention time varies in-
directly with temperature, and {s reduccd if CO0z and water are
present, Provision must be wade for the dissipation of heat from
radicactive decay.

(¢) Xenon = 133 Diffusion On Alumina
. K. Barnes, T, Elleman
g Presentccd at Second Conference of Nuclear Reactor
Chemistry, Gatlinburg, Tennessee, October 10, 1961
NSA 16-26472

Diffusion coefficients were determined for Xe 133 in crystal

2 aluwina at temperatures ranging from 700 to 900 C, Small
spheres of « alumina were dispersed in a powder and firradiated
at low temperatures. Thesc spheres were then separated from the
powder and heated at a constant rate. Xe 133 relcasced from the
alumina was measured as a function of time In general ¥el33
diffusion is about two orders of magnitudc more rapid than oxrygen
diffusion fn @« aluwina,

(d) The Removal of Radioactive Krypton and Xenon
From a Flowing llelfum Stream by Fixed-Bed Adsorption
W, CGraham, D, Morse, Buractte
Presented at Second Confereace of Nuclear Reactor
Chemlstry, Gatlinburyg, Tennessee, October 10, 19061
NSA 16-26472




(e)

Fixed-bed eduorption was used to remove Krypton and Xenon fron
helium streams. The stulies were initiated in order to provide
the necessary information for the design of & fission-product
trapping system for the HTGR. General relationships were
derived descriding the behavior of rudicactive gases in an
adsorber. The choice of adsorbents to be tected was limited

to various grades of activeted charcoal since previous work
indicated that charcoal was superior to other adsorbents in
this application. The adsorption cocfficients for both Krypton
and Xenon were plotted against inverse lemperature,

Evaluution of Proposed Krypton-Xenon

Adsorption System Designs for the PL-2 Reactor

G. Krusen II, end L. Silverman (Harvard Univ., Boston
Air Clesning Lad).

August 3, 1962 Contract AT(30-1)-841, 88p.

The proposed design by the Minc Safety Applience (MSA) Research
Corporation of a rare cas handling system for the PL-rezctor was
examnircd in deteil. This systen provides for partial removal of
redioactive Xe and Kr from air by low temperature (~90°F) adsorp-
tion on activated C. The estimated off-gus flow treated is five
SCFM. Adsorption is followed by air dilution of the remaining
activity. The proposed design was exenined to deternmine wvhether
the AEC~Army Reactor Branch specifications for the recultant
activity could be met, and whether the size and weight of the
unit could be materially reduced. A parallel scarch of the liters-
ture vas made to determine whether other methods could be used to
effect the separation. Some were found, but the only one of
immediate interest involves condensing the Kr and Xe on activated
C at liquia No tcuperature. Such a cryogenic system for removing
these inert gases from a 2 scfnm recirculating flow of Hp was
instelled for operation on the N. 8. Savannah. On the basis of
available data and calculations, the effluent from the MSA
adsorber will not meet the design activity because there is not
enough dilution air to attein a level of 8§ x 10-13 pc/ml for Kras.
The resultant activity was 38% greater. Added dilution capacity
would correct this deficiency. MSA research personnel, in their
design considerations, apparcntly neglected Kr85 relcased
directly from the fuel elements. Their only concern was with

the K185 which is = duughter product of Kr85m, Neither will the
effluent meet relcase criteria if 17 of the equilibrium aetivity
of the PL-2 reactor (7.48 MW) is relcased to the adsorber over a
period of 1 min, while the flovw of carrier gas renmains undimin-
ished. Recommendations for further resecarch are inzluded. (enuth)




Containment of Radiocective Fissicu Gases

by Dynamic Adsorption

R. E. Adans, W, Brovaing, R. Ackley

Oek Ridge Nat. Leb,, Tenn, Ind. Eng. Chenistry S1,
1467-1470 (1954) Dec.

ihe releese of radicactive fission products geses from a cir-
culating fuel nuclesar reactor is of such magnitudz that direet
disposal of these gases wes developed, The fission prees
Krypton and Xenon, are ebsorbed from a carrier gas stream onto
the surfece of a porous adsorbent. Although the adsorption
process is reversible, it.effectively hirders the passage of
fission gases through the system while radiosetive decay cone-
tinually reduces the concentration, Operating parareters which
affect the adsorbtion preocesses were studied and the dats vere
found applicable for the decign of future systens,

-

Fquilibrium Adsorption of Krypton and Xenon

on Activated Cardbon and Linde Molecular Sicves
R. Ackley, W. Browning

KSA 15-17984

The equilibrium adsorption of Kxypton znd Xenon on Activated
Caerbon and Linde Molocular Sieves were investigated expori-
mentally. Adsorption isotherms were obtazined et 0°C, 25°C and
60°c.

Adsorption of Krypton and Xenon
J. Burdick
NSA 10-6314

The Adsorption isotherns of Krypton and Xenon on Carbon end
Silica Gel were measured at teumperatures in the range of

-183°C to -120°C in static and dynamie systems. The resvite
indicate that either gas can be removed fron nitropgen at tempera-
tures below =150°C with a simple fixed Yed of activated carbon.

Adscorption of Xenon ia an Activated Chareonel Coluun
H. Cantelow
NSA 13-1L267

Performunce characteristiecs of two activated charcoa)l eoluwns
at room temperature in separating fission product Xcunon from en
air stream vere investigated by instelling each colurn in tke
exhaust from an encliosure in which irradiated slugs were dis-
solved., Breakthrough curves 8 e presented ard the veriatica in
Xenon concentration in the columns is examined. Theoretical
reatnents of adsorption columng in the literature are found to
ree vith experimental data., Performance of the columns is
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On the Activities in the Plant 0ff-Gas
8, Fuji, J. Manncschnidt, T. Mackey, £. Voodall
HEA 15-1T71k9

Measurcnents were made of the activities in the laboretory off-

gas and efficiencies ¢f the gas cleaning facility were caleulated,
Sampling was done isokinetically &nd particulates and adsorbable
gases were collected on filter paper and charcoal treps. A specicl
refrigerated systeu vas used for collecting rare gases, T131 and
RUL0® vere the predominant radioactive materizl in the system.
Efficiuncies of the gas cleaning system ranged from less than 50%
for the gaseous materizl to more than 99.9% for the particulates,

Adsorption of Xenon on Activated Charcoal
W. Kenncy, A. Eshaya
NSA 16-1481)

Dynamic adsorption experiments were run to deternine the shape
and position of breakthrough curves for Xenon from Xcnon-Heliunm
mixtures., Flow rates over the range of 500 to 3'0C CC per minute
vere put through an activaeted charcoal bed 1,38 inches by 10.5
inches., Inlet concentrations varied from 0,02 to 1,07 Xenon,

Retention Efficiencies of Selected Adsorbents for Krypton
R. KOCh, G. Crt:ndy
NSA 1L-11370

An investigation was conducted to determine the retention effic-
iencics of selocted adsorbents for Kr in e stream of nitrogen,
The eadsorbents studied were carbons, mineral, end inorganic
compounds, '

Adsorption of Krypton and Xenon By Various Materieals
M. Lloyd, R, Mciees
NSA 16-3068

The adsorptive capabilities of various inorganie adsorbents and
activated charcoals for Krypton and Xenoa were determined,
Columbia-G activated carbon had the highest capacity for both
Krypton and Xenon at pressures between 0,0) and 125 nmm lg,

end tenmperatures between 2 tc¢ 85°C, The capacity of molecular
sieves (5A or 11X) ranged from 11 to 205 of t.» Columbia G,
Both the cardbon and molecular sieve adsorbed 11,5 tines more
Xenon than Krypton. Also, the presence of wvater reduccd the
capacity for Krypton,
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(r) Adsorption of Radicactive Guses on Activeted Carbon
R. Madey, J. Barker, M. Beebe, Gteplhenson
NSA 15-19k1

An experiment was conducted to study the churacteristics of a
carbon adsorbent bed, receiving radioactive inert gas in a
helium stream Kr89 was used since it can be readily produced
and detected, The cxperiment was designed so tnat the adsorber
saturation time was comparable to the meen Krdd lifetime., The
concentration wus on the order of 10-17 aton fraction,

(s) An Absorption Process for Recovery of Fission Product
Noble Gases
M. Steinberg, B, Hanowitz

Because of the possible pollution of the atmosphere by the
accumulation of radioactive gaseous fission product Xenon end
Krypton from expanding nuclear operations and because these
substances are potentially valuable, a need arises for their
removal, containment, and recovery. Recovery by edsorption on
charcoal is reviewed. Mainly becouse of the cafety hazards
involved, a liquid absorption systen prescnts several advantages,
Experimental data on the solubility of Xenon and Krypton in a
nuuwber of solvents have been obtained by « wodifie” MeDanie)d
procedure and by rediocective tracer techniques, Certain liquid
solvents have been found to have a sipgnificant affinity for
Xenon and Krypton. Solubility data are corrclated in terms of
the solvent cohesive energy density and found to conform to
Hildebrand's solubility theory. The solubility of Xenon eand
Krypton in a suitable liquid solvent, at temperetures ranging
from room temperature up to 150°C, and with gas compositions
ranging from pure gas toX1l0 ppm by volume in nitrogen shows a
decrease with increasing temperature and demonstrates the
applicability of Henry's law. Rates of absorption have been
determined by the operation of a continuous counter-current packed
absorption column, Under the conditions of the experiment, the
rate cf avsorption of the noble gases appeurs to be liquid film
controlled and is expressed as e function of the solvent mass
flow rate, Based on the experimental date, the design of en
absorption-stripping process for the remnval and concentration
of xenon and krypton from & fucl processing plant is presented.

“(t) The Recovery of Fission Product Xenon and Krypton by
Absorption Processes
M. Steinberg
NSA 13-13329

Highly concentrated fission produect xepon and krypton c¢an be
cconomically produced with high rates of recevery from diluted
buclenr off-gas strecaus by meens of a continnous seleetive solvent
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absorption process, The process involves e three-column
edsorpltion~fractionation-stripping operation. The sbsorder
rewoves xenon and kryplon along with part of the diluent geses,
nitrogen and oxygen; the fractionator removes the nitropgen and
cxygen from the solvent; and the stripper produces the hipghly
concentreted noble gas product., Solvent flow rates and stripping
cas reguircucnts are considerably reduced by operating the
absorber under higher pressure, and the fractionator and strippeyr
at lower pressures,

Experinmentul data on the solubilities of xenon, krypton, nitrogen,
oxygen, and argon in liquid nitrous oxide and Frecn, measured

over & range of termperetures, ere prescnted. The selectivity

and solubility of xenon and krypton in these solvents at tenmpera-
tures of the order of -70°C are significently higher than in
solvents at ambient temperaturces. Based on these and earlier
solubility measurencnts, process desigaus, flovw shects, aund column
design data arc given for each of three solvent systensc:

kerosene, liquid nitrous oxide, end ligquid I'reon.

The keroscne-carbon dioxide stripping process has the edventages

of operation at esubient tenmperatures and climination of all heat
exchange equipment; however, the cost of carbon dioxide ig an

econonic factor in this case. In the liquid nitrous oxide

proccss, the necesgity for a nitrous oxide removal opersntion is |
elininated, but the hazerd of using e thernodynamically unstable |
solvent must be talen into consideration., The Freon process heas

the lowest refrigerastion reguiremente, & low solvent cost end

maxisunm stability,

The usc of solvents hoving boiling points higher than those of
xenon and krypton has the advanteges of reducing equipment frecze-
up, shielding requiremcnts, and eccunulotion of hazardous materials
in the process,

Recovery of Fission Product Krypten From Nuclear Fuels

R, Taylor
Ind. Chemist 39(7) 350-64-CA59, 1LBLT

The d:velopument of a process for recovering KrB5 from off-gaces
resulting from the dissolving of spent nuclear fuel elements

as described. Processes for concentrating end purification

of the recovered gas are elco described.

Recovery of Fission Product Noble Gnses
M. Steinberg, B. Manowitz '
Ind., Eng. Chemistry 51:47-50-NSA 13-Lho1

This paper deals with the developrment of an absorption-stiipping
process for the concentration of xenon and krypton from a fucle

ST LR Tk A S R AL e b ety e b i ) e el
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processing plant, Tests were conducted veing kerozene-base
solvents, i.e.,, AMOCO 123-15 (Am-ricen Miacral Spirits Solvent
Company o, 1%0).

Based on retes of abso-ption and other tests conducted, a gystew
of noble gas removal an recovery wvas developed to process off-~
gas effluent from o l-metrie ton per day fucl processing plent,

{v) Systems for Handiing Radioactive Gases
J. Weisman, M, CUriffet
CA 59, 71359

Radicactive isotopes of Xe and Kr are adsorbed by charcoal, and

held until the radioactivity has decayed sufficiently to eallow the
geses to be discharged safely into the air. In this method, scveral
beds of charcoal are used to retain the radicactive Xe end Kr,

-

(x) The Adsorption of Krypton and Yenon on
Activated Charcoa) and its Uses in Research
and Industry
L., Weller
NSA 13-18899

A dibliography on the adsorption of Kryplon and Yenon on activated
charconl covering the period between 1905 and 1959 in presanted,
In sddition, refercnces on their uses in research and industry

arc also included,

(y) Messurement and Analysis of the Holdup of Cas Mixtures
By Churcoal Adsorption Traps
W. Browning, C, Bolta
NSA 108505

The holdup behavior of paseous fission products in charcoal traps
vas investigated as & function of trap geonetry, type end aznount
of charcoal, trap temperature, flow rate and type of inrnert ges
used as & carrier, An analytical expression is preseated for

the czlculation of holdup curves for gases vhen trap geometry and
adsorption isotherns for the gases or charcoal are known,

(z) Removal of Fission Produc: Gares Fron
Reactor Off-Gas Streams by Adsorption
W, Browning, R. Aduans, R. Ackley
Prasented at American Nuclear Society Meeting, Detroit,
Michigan, December 10, 1958,

' A disposal process is described in whieh the nobdle ges fission
products, krypton and xenon, are delayed relantive to the sweep
gas by physicel edsorption s they pase through an adsorbent such
as activated charcoul., A theoreticn) expression describing this
process was developed, usang a theoretical rlaete ananlycis and was
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verified experimentally. The retention time for = gas present in
trace concentration is proportional to the amount of chercoszl in
the adsorber bed and to the adsorption cocfficient which is
evaluated experimentally for a particular combination of materials
and conditions., The retention tine is inversely proportiéonal to
the volume flow rate of the sweeyp gas. The retention times of
cxperimental adsorbers have been measured by a radioactive tracer
technique using krypton-8% and xenon-133 to typify fission gases,
Retention tines were measured for various adsorbents including
different grades of activated charcoel, silice gel, activated
alumina, and moleculsr sieve materials. Activated charconl vas
the most effective adsorbent,

Retention times were measured using helium, hydrogen, argon, nitro-
gen, oxygen, air, COp, Freon-12, and krypton as sweep gases,
individually. VWater vapor reduces the retention time for krypton
on charcoal as does CO0p. Krypton interferes neglipgibly up to
1000 microns partial pressure. Provision must be msde for the
dissipation of heat from radiocactive decay. Retention tine
decrcases logarithmically as tempercture increases, Ignition
temperatures in oxygen were determined and methods for prevention
and control of charcoal fires were investigated, Experimental
results described were used to design off-gas adsorber systems
for in-pile experiments end to analyze the performance of an
adsorber for & homogeneous circulating fuel reactor. These
adsorber systems performed satisfactorily for times in excess

of one year,

Analytical Techniques for Detectineg Small Quantitics
of Radioactive Gases

A Continuous Stripper For The Determination of
Dissolved Gases and Fission-Produet Gases
Presented at Fourth Conferenece of Analytical
Chemistry in Nuclear Reactor Technology

T1D T7606-NSA 15-19270

5. P, Gibson, G, ™, Allison, and J. F. Atherley
(Atonic Energy of Canada Ltd., Chalk River, Ont.)

A gas siripper device and procedure are described for making
continuous, seni-continuous, and spot determinutjons of dissolved
gases in high-temperature and pressure water systems., Two of

s
the gascs, Ny, and Ha, are determined by ges chromatograply, using
& Vapor Fractometer. The concentrations of XC133, Xp13‘, and Kr88
in the geses are deternined by geune spectrometry. The techniques
involved in these anelyses are discussed. Data are prescnted
to show that 955 of the N, =nd My plus 90% of the fission-produet
gases ure removed by this continwous siripping process,
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The Significance of the Air Cleaning Problen

in Aircraft Kuclear Propulsion

R. Baker

Presented at Sixth A.E.C. Air Cicaning Conference
July 7-9, 1959 &t Boston NSA 15-6245

The H.T.R.E, and its off-gas nonitoring and disposal systen are
discussed, '

The Determination of Trace Elements In

Reactor Materinls by Methods of Neutron

Activation Analysis

G. Leddicotte, W. Mullins, L, Bate, J,. Enery

Presented at lst Conference of Analytical Chemistry

in Nuclear Reactor Technology - Gatlinburg, Tennessce,
September 9, 1958

f6A 12-16223

Keutron activation analysis is used to determine trace eleuents
in such reactor mrterials as ores, structural waterials, cooling
water, and moderators.

Analyticel Requirements on the Lockheed Critical

Experiment Reuctor of the Radiation Effects, and of

Radiocactive Waste Disposal

J. Edgerton

Presented at the 2nd Confercnoe of Analyticzal Cheunistry

in Nuclear Reactor Technology, Sept. 9, 1958 - Gatlinvurg, Tenn.
NSA 13-12kLk5

The analytical chenistry requirements of the Leckheed Critical
Experiment Reactor are discussed. The use of process instrumen-
tution and the application of analyticul chenistry for naintaining
proper conditions for operating the reactors, Methods for the
analysis of rcactor materials including corrosion, activation,

and fission products are discussed. The radiocctive waste
disposal systeam for abnormal and normal operation of the reactor
is descridved.

Continuous Analysis of Radioactive Gas and Liquid Streans

§. McEwen

Fresented et the Fourth Conference ¢ Huclear

Reactor Technology. Octoter 12-1%, 1960 - Getlinburg, Tenn.,
SA 15-10270

Instrumentation for continuous analysis is discussed. 1In gas

and liquid-strcanm analysis, sanpling and measuring techniques

very widely in most instances. There are scnme methods of analyzing
tvo types of streams which de overlaep in type of incLrumentatica
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but only in rare instances and in technique as well. %The instru-
wenits, for continuous ges aand liquid analysis include on-stream
anvlyzers for measurcuent of componeats in the following ranges:
percentage, parts per millien, and partis per billion. The
techniques used in each of these ranges arc described, In
general, those nmethods of analysis are emphasized which deal

with the determination of components in the ppm and ppdb range.
The analytical techniques cover measurenment of gascs in gas
streems, gases in liquids, liquids in liqu:ds, and dissolved
solids in liquids,

An In-Cell Gamma Analyzer

V. Upson, F. Roberts

Presented at the Fifth Conference of
Analytical Chemistry In Nuclear
Reactor Technology

Oct. 10-12, 1961 - Gatlinburg, Tenn,
NEA 16-23613

A close-coupled gemma spectrometer for viewing samples inside the
hot cell was utilized to provide anelytical control in the Hanford
Laboratories' High-Level Radiochemical Facility, yielding rapid
and accurate isotopic analyses of undiluted semples. Design
criteria, based on un expected maximum cell ectivity of 100
kilocuries of Ce-Prlhh (2.2 Mev) and a semple activity range from
0.2 to 2000 me/ml were exceeded. At twice the anticipated maximun
cell aetivity (~1000 r/hr at the sample station) it was possible
to detect as little as 0.01 me/ml and to evaluate 0.1 me/ml
isotopic activity in the sample; sample activities exceeding

m curies/wl can be tolerated. Two through-the-wall access tubes
were utilized to accommodate two detectors, each of which views
tvo sanple positions. The two positions for each detector were
designed to yield geouectries differing by a factor of 10, &and

the two detectors were collimated to differ by about 100, yielding
four sample positions in approximate decade steps. Pulse-height
enalysis of the detector outputs is performed by a 4%00-channcl
analyzer operating at 1.00 Mev per 100 channels, and utilizing
instrunentel background subtraction to Yield direel printout

of the ganmma spectra, Isotopic enalysis usually requires only a

1 or 2-minute counting period. The instrument proved to be an
extremely veluable and reliable tool in both research and chenical
processing operations, (auth)

Determination of the Distribution of Fission Xe
in Irradiated UOs Fuel Elements

W. Morgan, R. Hart, F. Miller, W. Olmstead
Presented at the Third Conference of Annlyticnl
Chemistry in Reactor Technology

October 26, 1959 - Gatlinburg, Teancssee

NSA 15-8732
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In the developuent of UGy fuel clementis for povwer rcactors, one

of the important aspeets to be considered is tLhe physical

behavior of the fission ga25. The enginecring concern je mainly

that of pressure build-up inside the sheath, due to the release

of fission ges from the oxide, Two enalytical methods in use

&t Chalk River have contributec considerably to the investigation

of the fate of the fiscion €es ia experimental fuel clements;

measurement of xenon releascd on puncturing the sheath of the

fuel elenment and measviement of the radial distribution of xenon

rewaining in the 002. These tvwo methods are described, (euth)
|
|
\
\

|

A quantitative Delermination of Severel Short-Lived Iodine,
Barium, and. Strontiuw Fission Prcducts in

Gas Cocled Reactor Effluents

L. Reeda, M, Myers, W, Sabal

Presented at the Thira Conference of

Analytical Chemistry in Nuclecar Reactor Technology

Oct., 26, 1959 Gatlinburg, Tennzssce

NSA 15-8732

Gamma scintilletion spectronetry was used as 3 bosis for the
Quentitative determination of absolute disintegration rate values
for I131, 1132, 1133, 1134, 1135, Bal3?, palko Sr91, ungd 5r92
collected from reactor efflucnt gir on ectivated coconuti charcoal,
After clienical separations for the various elements were nade,

the complex spectra resulting vere treated mathematically, re-
sulting in the solution of simultaneous lincer equations to

Yield d/m values for the specific isotope. Corrections were

made for any absorber between the sourco and Hel (T1) erystel,

Tor the total absolute detection efficiency for the counting
geonetry used, for the peak to total ratios for the particula
photopeak, for the decay scheme, and for any internsal conversion,
thus obviating the nced for standard plates of the icsotope in
questicn. The method is applicable to ¥ ~cnitters in general

»
providing values for corrections to be applied are eavailable,

Flutonium Fuels

J. Meadows, G, Matlack, G, Nelson

Presented at Third Conference of Anealytical
Chemistry in Nuclcar Reactor Tecknolony
October 26, 1959, Gatlinburg, Tennessec.
KSA 15-8737

For the purpose of evaluating the pY¥remetallurgy program at

Los Alanos for the reprocessing of fuels from fast reactors,

it was hecessary to determine fission produsts in the presence
of large aaounts of plutonium, especially when low burn-up f{uels
were to be analyzed., From resuits of a testing progran in vhieh
classical analytical methods originally developed for uranium

Fission-Product Analysis of Fast Reactor
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fuels were used to deternine fission producis, it wvas shown that
adequate decontaminstion from plutoninm ond americium was not
achieved in a number of cases., HNew or modified nethods were
developed for Zr, Rb, Ru, Rh, Ce, Nd, and Pr. All procedures
were designed to utilize sanple aliguots containing a&s much gag
20 mg of plutonium end to give @ decontanmination factors of not
less than 10% and as high as 109, vhen from 10 to 50 mg of
earrier were added, Ion-exchange methods proved te be the most
effective for removing plutonium and awericium in those cases
vhere these elements caused interference, Methods “or 1k
fission productis were tested or devised for use in the analysis
of plutonium fuels,

Separation and Estimation of Krypton
end Xenon by Gas Chromotography

R. Anbegu, L. Champeix, and Reissy
Journal of Chromatography

The application of chromatograph principles to the separation and
quantitative estimation of the fission gases krypton and xenon,

A Gross Gascous Particulate Fission Product
Monitoring System

F. Boone

Journal of American Industrial Hygiene Association
2h (6): 611--17. CA 60,10162,

A woving filter paper device with anthracene scintillation
crystals follovwed by a detection chanmber with a single sodiun
iodide seintillation erystal gives a continuous detcetion of
the fission product release from en open gus cooled reactor,

A llew Method for the Determination of

Sore Caseous Fisslion Productie

A. Bouville, D, Blanc, J. Couly, J. Fenton
NSA 189993

Conventional wmethods for the determination of naturally radio=-

active gases were adapted to the detection of artificial radio-
active gases having a chain of solid decendants, The isotopes

of Kr 88 to 97 were the fission products studied,

Ou=-strean Radioactivity Monitor for Gus Handling Syctems
Rev, Sci, Instr, 31:786 ca 55,21688n

Designed fer use in the developnment and testing of & gas chromat-
ography system for the separation of Xenon and Kryvton, the new
Bystem continuously ‘monitored the concentration of radioactivity
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in a dynamie gas systen, 1i{ has been used for reasuring k05
end Xenon 133 in several types of gas tricer experiments, The
detector unit consisted of & gas flov churher, a scintillation
heed, and associcted electronic apparstus and was an intepral
pari of the systew., It could be ased with vacuunm or pressurized
opcratious and for the ameasurements of e;or ¥ radiations,

A Simplified Mcthod for Redio Iodine Annlysis

H. Eiland

Third Conference Analytical Chemistry

In Nuclecar Reactor Technolony, Gatlinburg, Tennesscce
October 26, 1959

NSA 15-8732

A radio-chemical method of analysis for gross lodine activity

in the primary coolant of pressurized water reactors was develeped
at KAPL., It is based upon tihe rapid isotopic exchange which

oecurs under suiteble conditions between fission produet icdine

end the iodine atoms in preforned silver jodide, The recovery of
iodine was shown to be 88 + 5%. The procedure vas used extensively
at KAPL for application when specd end sinmplicity were of greater
importence then accuracy.

Krypton Solubility
R, Keeler, C, Anderson, 8, Klach, R, Chappel
NGA 13-19034

The solubility of krypton under reactor ~onditiont to provide a
basis for estimating the concentrations and locations of fission
product rare gases in a homogeous reamctor was investigated, 1In
addition selective chemicel and physical properties of iodine
were studied to predict the behavior of iodine in the reactor,

Movement of Highly Radioactive Gases in Absorption Tulbes
B, Glueckanf

Ann, N, Y, Acad, Science 72:562-91

CA 53,1ké02i

The gas chromatography of these geses is materially different

from that of other adsorbotes oving to heat effecvs from

rediation adsorption, The breakthrough volumes &and times through
externally cooled charconl columns, the redial temperoture dis-~
tributions and the heat to be removed at various peints ealong

the column wvere studied for asixturesz of radiosctive xenon and
krypton, An cstimete of chunneling effects oving to hiph interior
tenperatures were made, Elutien ian iusulated columns wers

also studied, VWhen the ratic of radioactive pover to gas flow
approaches 8 Jeules per MY separation is rno lJonger possible,
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Limits of Sensitivity in Monitoring Radioaetive
Gases with Particular Refercnce to Krypten 85

J. 8hepiro, R. Yoder, L., Silverman

Presented et Eighth A.E.C. Air Cleening Conference,
Oek Ridge, Tennessee Oct., 22-25, 1963

NSA 14125

Celculations of efficiencies of idezlized ionization chambers
end particle detectors for monitoring radioactive geses are
presented, Kr Y2 was uscd as the roadicactive ges in the
calculations and measurements. Tt is shown that for levels
of the order of 10-T nC/ce, a simple cylindrical G-M countey
is adequate if & large volune can be vieved, and it is the
simplest detector available., (M.C.G.)

Radionctive Iodine and Jodide Collcctioq_§x£tcms

Iodine Collection Studies

L. Silverman, R, Dennis, E. Kristal, F. Stein
Presented at Sixth AEC Air “leaning Conference
Boston, July 7-9, 1959, NSi 15-0c 45

Severel methods for the removal of rudiosclive iodinz frem

process ges streams are under investipgations. Test objectives

to develop a system which will afford et least 0% 1131 collection.
Also, to have low pressure drop, be incxpensive, simple to
fabricate ana neintain, long life, good corrosion resistence,
function et temperatures up to 300°C, end Ve non-combustible,

Deta is presented for several systens,

Removul of Iodinc From Gas Streams

R. Adams, W, Browning

Prescnted at Seventh AEC Air Cleaning Conference,
Brookhaven, New York October 10-12, 1961

NSA 16--29214

The efficiency of activated charcoal silver and copper surfaces
for adsorption of iodine vapor was studied under various
conditions. Todine vapor is removed from air at 25°C by
activated charcoel) with efficiencies as high as 99,9990+%,
Copper end Silver plated copper ribbon exhibit e¢fficiencies

up to 98 to 99%.

A Review of Iodine Collection Studies
R. Dennis, L. Silveruan, F. Stein
Prescnted et Seveanth AEC Air Cleaning Conference
Brookhaven, New York. October 10-12, 1961
NSA 15-G2ks

Resulis of pant Iodine Collection Studiecs are reviewed, Per-
fornunce data not previously reported are given for metal and
mineral cellectors under » variety of operating conditions.
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Studics conducted by Harvard Air Cleaning Leboratory undey
AEC contract.

(¢) &air Cleening Studics at Harvard University
L. 8ilvernen
Presented at Fifth ALC Air Cleaning Couference
June 2k-27, Bosten, Massanchusottis
BSA 12-121k7

Several projects are mentioned vhich &re covered by the papers
following this one. The use of slag wool ccated with Ag fcr 1131
removal is discussed, The efficieancy of slag woo) filters on fly
ash wvoe investigated and data are tabulated,

(e) Design Considerations for Lxhaust Systens
Involving Radioactive Farticulates -
A, Fuller
Presented at Bighth ALC Air Cleoaning Conference
Oak Ridge, Tennessee., October 22-2h, 1963
NCA 16-14116

The dependabilify required of ¢xhaust ventilation systens hand)ing
redionctive particuvlates males it essential thet throurh investigoa-
tions concerning necds de mande and £ood engineering practices be

epplicd, A number of desigrer "short conings" are outlined with
referencesn.,

(f) Radioiodine Adsorption Systems for the N. S, Savannuh
V. Browning, R, Adaws, W, Johnson
Included in Reactor Chemistry Division
Annual Progress Report for period ending January 31, 1963
KSA 25087

Studies of the rewmoval of radiojodine from steem-air mixtures
continued in support of the NS "Savannoh" program, Over 60
suall-scale tests and 14 large-scale tests were completod,
Activated-charcoal units, prepared in the same manner and

using materials similar to those euployed in the units ipstellecad
on the NS "Savennah" were utilized in the large~scale laberatory
tests, Thers: tests, conducted with continuous I, injection at
96 to 100°C and with to 905 satureted steunm in air, showved
the efficiency of the charcoal vait te be (99,86 + 0,07)i at

the 957 confidence level, In-place tests of the full-scale
filter-adsorber units in the reactor compartmert ventilatioc:
l{ltens of the N5 "Savennah" were conducted vith redioactive
1131 and non-radicactive 1127, fhe energency ventilation system,
greater than 99.9%, wherecas the main ventilation sysiem, con-
taining no charcoal, showca Ip=vetention efficiencies ranging
from 90 to 98% in scvera) series of tea: ..
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Characterization and Control of
Accident Relensed Fission Produets
W. Browning, K. Ackley, M. SBilvernman

Included in Reactor Chenmietry Divicion Annual
Report for period ending January 31, 1963
NGA 2508)

Two wethods of deternining the form of raudioaclivity in gases
vere investiguted, Diffusion coefficients of small particles and
of radioactive vapors such as 1o are determined by measuring the
distribution of rudioactivity on the walls of a channel previousl
exposed to gos carrying radioactive meterials and flowing under
laninar conditions, This technigue was employed to denonstrate
that high-efficiency, low-pressurc-drop filters removed about

10 to T5% of the wetivity from air strcanps carrying 1131 edsorbed
on 0.00h-p~dicneters AL,03 particles. Beds contuining a 0,75-in.
depth of <6 + 16 mesh sctivated € removed escentinlly all the Ip
vepor but only 75 to 907 of the 0.003- to 0.006-n ALpO3 particlus
the higher efficiency being associated with the finer particles,
Fog-condensation und foanm-encapsulation methods removed 85 to 993
of these very small particles. 7The sccond method of neasuring the
size of radicactive aerosols nakes use of a filter heving a uni-
form fiber dianeter to peruit theoretical analysis and having a
layered structure to facilitate scparation of the fidber bed into
discrete luyere for radiocassay after ¢xposure to the aerosol.
Preliminary results obtained with a radioactive acrosol of 0.004-
to 0.03-n particles jabeled with 2n65 indicate thuat the techniques
used are satisfactory,

Behuvior of Radioiodine

Ouk Ridge National L.aboratory, Tennessee

Beactor Chemistry Division Annual Progress Report
for period endiug January 21, 196k, ORNL-3591
NSA 22111

An investigation was made of the origin, identity, and behavior
of iodine compounds which appear v. v air and iodine vapor are
mixed. Information is needcad oen t _sc¢ points in order to

design radioisdine removal systems, Rates of deposition of
lodine compounds were mensured by use of successive diffusion.
tubes having surfaces of silver, rubber, end activeted cardon.
Elemental iodine deposited on the silver with its characteristic
diffusion coefficient of sbout 0,08 cm7/scc; & compourd or group
of compounds deposited on the rubber to give an indicated dif-
fusion coefficient of about 0.05 em2/sec suggestive of a molecular
weight of the order of 300 ¢r higher; other icdine materials
deposited on the activated carbon to yield a diffusion co-
efficient of 0.10 en?/seec., implying o molerular weight somewhat
lower than that of Ip. This behavior was typical ¢ iodine from
tvo greatly differing sources, As the jodine concentration in
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uir decreased, the proportion of iodine preocut in forus other
than molecular icdine increesed. fThe sorption characteristices

of fission products are of significance in predicting their
deposition behavior in floving gas syslens, The edsorption of
fodine on conwonly used stainless stecls vas explored wivh metal
temperatures ranging from 2k 1o 700°C and vith iodine vapor
concentrations varying from 0,000k to 200 mp/w3, Iodine vapor
vas found to react chemically with stainlesc steel surfaces

to form metal iodides., The capacity of the surface varied with
the condition of the adsoybing surface, Pauscivity towerds

iodine adsorption was frequently observed after a small anount

of muterial was sorbed., fThe kinetics of the chemisorption
process also varied, apparently with chenging surface conditions,
even during the course of a single experiment. The iodire sources
used vere analyzed for forms other thaun I,,

Methyl iodide was found, but it constituted less than 0,17 of the
total iodine, Fractional sublimetion of the iodine sources in
vacuunm ensurel that only I» was used in the adsorption experiments,
Charcoal traps remove molecular iodine from gases vith e high
degree of efficiency, but they erc susceptible to distruetion
vhen exposed to oxidizing gases at high tewperatures, conditions
which could zonceivably exist in a reector accident., Preliminary
experiunecnts to explore alternate trapping materials indicated
that a bed of platinized alumina (a hydroforming catnlyst) would
serve only to delay the passage of iodine vhen the bed is exposned
to flowing air at temperatures above h00°C. Trapping of radio-
iodine by high-tevperature exchange with non-radicactive tenpera-
tures at which significant oxidation of the inorgenic iodine
occurs (600°C or higher).

Proposcd Method for Removal of Radiociodine
Vapor from Experiment O0ff-Gas System of the ORR
R Adams and VW, Browning

NSA 12-10LE8

Various methods of removing radioiodine from air streams were
surveyed for possible use in remeving radioiodine released fron
ro ictor experiments into the off-gas sysiem, So0lid adscrber

¥ terials appcar best suited for this purposc. An iodine
decontanmination factor of 2,000 was experimentsally determined
for activated charcoal, and Linde Molecular sieve (13x) using
1131 to simulate mixed radiojisotopes of iodine. A conceptual
design for en iodine trap contoining activated chercoald is
presented, The iodine removal efficicney from s hypothetical
trap is discussed ur. + condilions resulting from the discharge
of 3.0 x 10% curies mixed rodioisotopes of iodine,
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(J) Removal of Rudiciodine from Air-Strean Mixtures
R. Adams, W, Browning
NBA 15-19L49

The removal of rudiolodine vapor from ajir-gtresw mixtures such

as those from a nuclear incident in o pressurized vater rcactopr
veas investigated, Activated charconl traps, simulating part of

& commercial charcoal cannister vere tested at g2 velocities of
23.9 to Th.9 ft/min., over the temperature range of 75°C to 118°c,
The iodine removal efficieney wos found to range betvecn 99,80 to
99.94%, It was reduced to 99.547 in a test run with e gas
velocity of 290 ft/win., at 105°C.

(k) The Removal of lodine from Ges Strenms
By Reaction with Silver in Packed Towers
R. McKabucy, A, Lyon

A process was devecloped for the removal of iodine alone in the
presence of the various other constitucnts of pile dissolver
off-gases., The principal fecture of the process is the use of a
column packed with berl saddles coeted with silver nitrete or
silver. Experiments were conducted with a 2" diamcter 17" long
packed column through which a streem of air at 2 cfm containing
NOp, vater vapor, and iodine was passed. This tower is equivalent
to a 6' plant scele unit operating at Hanford.

(1) Leboratory Plate-Out Study of Iodine
N. Myers
NSA 15-32974

A study was undcrtaken to provide information on the quantitative
plate-out, a deposition of fission products on hurdware and
effluent sampling lines in the various reactor systems., The
effect of temperature, flow, bends, and fittings were studied,

(m) Application of Activated Carbon
in Reactor Containment
C. Prigge
NSA 17-k232

An activated-carbon ted or filter was designed {o remove 99,9+%
of the radicactive hologen vapor thet could be released as a
result of a containable accident of a water cooled and mode,ated

i reactor. The unit was tested over simulated conditions of norwn>l
exposure of the carbon filters te the air in the ventilation
exhaust ac well as to exposure conditions postuleted for a
containable recactor aceident. The tLests indicated o 99,99+%
efficiency when exposed to air, dry steam and mixtures of

s Stean, air, and entrained liquid water particles,
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(n) A Short Leboratory Investigoation of
Radiciodine Plate=0Out
G, Tuck, M. Mycrs

The removal and plate-oul of radieicldire was studicd by bloving
hot air through a short section of 3/8" stainless steel tubing

containing pleted-out fissiop products and then through & 30-fuot
clean 3/8" tube. The removal of I by the eir at various tenpera-
. turec, and subsequent plate-out in the cleen tubes, were measured,

(o) Removal of Radioiodine from Air Streams
By Activated Charcoal '

R. Adems, W. Browning

KSA 14-11371

The efficlency of activated charcoal for edsorption of iodlne
_vapor from air streams were measured by uding & rudicective
tracer method. Efficiencies of 99.6 to 99.999+% were obtained

@t various operating conditions, Various meterianls were cop .-
"sicered for pcssible applicaticns in the emergency exhanst system,

it i»s proposed that activated charconl be utilized for ioline
vapor adsorption.

(p) Foam Suppression of Redioactive
Iodine and Particulates
R. Yoder, M. Fontana, L. Silverman
NSA 18-16128

A method studied to remove radioanctive balogens and particulates
from air in reactor containment vessels is foanm containnmnent

In this method, an ether lauryl sulfate foan containing an ;odi
reactant is genersted repidly filling the entire valume.- This g
brovides & tremcndous surface area to which the encepsulated
gascs and particles can diffuse and be removed. Tests were
conducted in a G000 cubic foot hot cell,

- Based upon its high adsorption efficiency and retention Fropertics,
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Miscellaneous Reactor Lffluent Air Cleen-up Systems

A Multibed Low Velocity Air Cleaner

R. Yoder, F. Enpson

Prescnted at Fifth A.E.C. Air Cleaning Conference
June 2h-27, Boston, Mass,

HSA 12-1210h7

An air cleaner for the off-gascs from proccsses which fix redio-
active wastes in a sintercd form for dispoeal is descrided, The
components of the multibed ¢leusner are sand, soda lime, and
activated carbon. Experimentaul data used in seleeting the
materials used are given and experiments with the cleaner arce
described, The device removes greater than 99,995% of
particulutes, and all fission product gases except krypton and
xenon.,

Bconomic Survey of Air and Cas Cleaning
Operatious Within A.E.C.

C. Billings, L., Silvermon

Prescnted at Fifth A.E.C, Air Cleaning Conference
Juse 2h-27, Boston, Mass.

NEA 12-121h7

Plans for a survey of air and gas cleaning cnevations at AEC
sites which is to he conducted is discussed. The fnformation
gathered will make it poessible to esteblish design and cost
eriteria leading to economical, morc efficient air and gas
cleaning. A copy of 2 proposed questionnaire is includead,

Air Cleaning Costs - A Study of Three Sysiens

H., Jordan

Presentoed at Fifth A.E.C. Air Cleaning Conference
June 2k-27, Boston, Muss,

NSA 12-12147

The air cleaning facilities at "as Alemos Scientific Laboratory
for DP West Site, CMR Building, and Ten Site are described, The
cost figures of each location are given including depreciation,
operetion, maintenance, and original cost of installation, The
wet methods are found inherently more expensive than dry
filtration,

Experiments at ETR and MTR

D. Foster

Presented at Sixth A B.C. Air Cleaning Conference
Boston, Mass, July -9, 1959

WSA 15-62k5
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The pre-stack disposal treutment of effluents from ETR and MTR
tests of ANP fuel elements is described. It consistis of a
particle removal stage, iodine rerova) and a deczy filter system.
The filter syston consists of two silver plated fiber flax beds
vith absolute filters and a delny tank between.

Estimates of Accumulated Exposures and Environmental
Build-up of Radioactivity

W, Culkowski

Presented at Sixth A.E.C. Air Cleaning Conference
Boston, Mass., July 7-9, 1959

NBA 15-62Lk5

A s.mple method for estimating long-term effluent concentration

v d leposition values based on Sutton's and Chamberlin's equation
is piresented. Calculations of concentrations and deposition

are straight forward, and become especially convenient if average
vind (ate are employed.

Argonne National Laboratory Air Cleaning Resume
C. Cheever

Presented at Sixth A.E.C. Air Cleaning Conference
Boston, Mass, July 7-9, 19%9

NSA 15-6245

Variouvs type of air cleaning equipment used at Arpgonne Netional
Laboratory are described and esiv cleaning plans for Fuels
Technology Center are discussed,

Economic Survey  Air and Gas Cleaning

Operetions Within * E.C.

J. Fitzge:ald, L. Silverman, R. Dennis, C, Billings
Presented at Sixth A.E.C., Air Cleaning Conference
Boston, Mass., July 7-9, 1959

K84 15-6245

A number of AEC sites prepared analysis of the technical and
economic aspects of their air cleaning activities. The data has
becn conplied and are to be svmmarized later. An appendix
including some of this data is included.

The Evaluation of Radioactive Relecases

From Chemical Plapte

E. Arnold, A. Gesly, J. Nichols

Presented at Seventh ABC Air Cleaning Conference
Brookhaven, Upton, N, Y, Oct. 10-12, 1961
T.1.D, 71627
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A quantitative method for estinating the hazards associated with
the muximum credible accident in a radio chemicaul fucility wvas
developed, The MCA in such facilitice nre chemicel or nueclear
explosions which dispcerse radioactive materials into ventile-
tion systems. Approximate phycicel properties of these guses
were combined with the efficiency of ventilation clean=up
devices, and meteorological correlations to evaluate the hazerds
to the environment,

Fuel Element Decomposition Producets

G. Park:r, G, Greek, VW, Martin

Presented at Seventh A.E.C. Air Cleaning Conference
Brookhaven, Upton, N, Y. -Oct, 10-12, 1961

ToIoDo 76?7

Reaction type fuels and thcir related havards are discussed.
Topics include product release from Uranium and Uranium Alloys,

The Containment of Fission Products

In a Power Reactor

5. Riley

Presented at Seventh AEC Air Cleaning Conference
Brookhaven, Upton, N. Y. Oct. 10-12, 1961
T.1.D., 7627

Methods of removing iodine and other radiocactive isotopes fron
€as streans in oxide fueled gas cooled reoctors are discussed,
The types of gas discharge that can occur under normal and
erergency conditions are considered. Gag treatment processes
are outlined,

The Analog Computer es an Aid

In Critical Ventilation System Evaluation

T. Pickel

Preseuted at Eighth ARC Air Clcaning Conference
Oak Ridge, Tennessee. Oct. 22~2k, 1963

T.1.D. 7677

Advantages of using analog computers in the analysis of air
handling systems are discussed, and as un illustration of an
analysis a simple system ia presented,

Design Considerations for Exhaust Systems
Involving Redioactive Partieculates

A. Fuller

Presented at Eighth A.E.C. Air Cleaning Confercnce
Oak Ridge, Tennessee October 22-2k, 1963

TID 1677
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It is shown that to properly deseribe the efficiency of a filter
in removing contaninants cspeaintly 135', from an air stream not
only must the amount of impurities be gspeecificed but also that
the size distribution of particles in the sir streamn must be
speeified. Culeulations und comparisons are prezented,

Releese of Fission Products on the In-Pile

Melting of Reactor Fuels

R. Bhiclds, C, Miller, R, Lorenz, W, Browning

Presented at Sccond Confercnce of Huclear

Reactor Chemistry, Getlinburg, Tennessee, Oct. 10, 1961
NSA 16-26h72

Studies are being moade to determine the fizsion product reclease
characteristics of various fuels under conditions which simulate
#s closcly as pussible those vhich may exist at the time of a
reactor incident. VFission product releage when fuel naterinls
are melted was investigeted. The only experiment completed had
a 3% enriched U0, specimen. Exomination of vhe test specimen
indicated that a large part of the U0, had undergone a change

of =ztiite,

Emergency Actione in Radiation Accidents

D. Davis

As Included in Reactor Chenistry

Division Annual Report Encing Jan. 21, )196)
NS, 13726

Severel definitions of a radiation emergeney are given, and
several improvements that should be mede in emergency procedures
are outlined. The AEC experience in radiation accidents end its
methods for coping with them are described. Personnel dosimetry,
exposures of rescue teams and radiation gurveying of large areas
are discussed.

Nuclear Merchant Ship Site Criteria

W. Cottrell

As Included in Reaction Chenmistry

Divigion Annual Report Ending Jan. 31, 196"
HSA 13727

The site eriteria for stationery rcactors were modified in order
to apply for the mobile recactor of NS Savannah in liecu eof the
clity distance criterion, The three zones around the ship reuctor
are described. The conditicns for port entry and additionul
peasures for initial operations are outiined. The problems and
implicetions of the eriteric arc discusscd.
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Environnental Contamination Around Nuclear Feeilities
C., Barton

hs Included in Reactor Chemictry

Division Annual Report bnding Jen. 31, 196k

NSA 1373

The results of environmental surveys around nuclear fuacilitics
are described briefly., Stack monitoring data on the emounts of
radjcactive naterials being discharged to the atmosphere are

not readily obtainable, but a table of information on gaseous
effluent monitoring and control practices at several reuactor
sites is presented. Contamination eround fuel processing plants
is counsidered briefly.

The Prescnt Status of Chemical Research in Atnospheric
Purification and Control on Nuclear Powered Submarines
V. Piantt, E. Ramskill

NSA 16-33080

Research on submarine air-replenishment equipment is reported,
Oxygen sources, carbon, dioxide rcmoval, atmospheric sanpling
and analysis, and elimination of contaminants are discussed,

Design and Test of a Gas Adsorption Systen
for the N, S, Savannah

G, Robinson

Advances in Cryogenic Engincering T7(137-k2)

This paper describes the design and engineering testing of & low
temperature adsorption unit installed on the N, 8, Savannah
designed to remove und :ttore fission~product gases for a 100~day
period, Included is a deseription of thre purification eycle,

@ discussion of design features and engineering test results, end
a presentation of the design data for the adsorption of gases on
activated charcoal of liquid nitrogen temperatures,

Argon, Helium, and the Rare Gasec Vol, 1,
G, Cook = John Wily & Sons (1961)

History, occurrence, and properties of the noble gases are
discussed., Also included are solubility data and properties
of the radio-isotops,
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TEH DISCUssIon

Ceneral:

Five systens with a poteutiel cepability to perform the rencval
swacvion in accordence with the data sunmavized in SECTION ITT -
BASIS FOR DESIGH, were developed, revicved, end evalunted, The
cystems studied, which are fully discussed in this Seection, nre
samnmarized below:

System A - Lov Tezjperature Solid Adsorption

This system depends on the direct wzdrorption of the radio-
active noble gases on a refrigersicd ved of solia edsorbent
ana is Mot Recommended, since the adsorbent bed required

is excessively large. )

System B - Solid Adscrption with Cryogenic Enrichment

In this system, compact reliable eryogenic enrichument is

used to concentrate the radioactive gases thereby re-

ducing the adscrbent bed size requirements, 7This system

is the Preforred ﬂg&&gi, clthough s Jimitead developuent

progruam is required to obtain design data for the proper

sizing of the aduorber beds,
|
\
|
|
|
\

System C ~ Cryogenic Distillation

The system for which the most operating experience and
design infornmatien exists is the eryogenic distilleation
systcm, A system bascd on the principles of eryogenic Jis-
tillation could probebly be placed on stream in the shortest
time; hovever, it is slightly more complex than System I and
consequently would be nore subject to mechanical failure,
Furthermore, this system cannot be easily placed into ine
mwediate operation, Aeccordingly, this is the Sccond Cholice
System.

Sysiem D - Static Freon Adsorption Systen

In this system, the noble gases ere removed from the coa=
toninated air as it is bubbled througzh a liquid bath,
Though this techrique is quite effective on a laboratory
Scule, 4t ie Mot Regorvended fer this application,
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System E = Dynamie Freoan Absorpticn System

A technicelly feesible system utidlizes a ecounter-current
Freon absorption towver. Thoupgh this system hes several
operationel advantages, it cun Nel Be Rccommended here,
because there is not enovgh experinental data evailable
at the present time to guide the detgiled design and
construction of a full scale system with eny certainty
of success,

Eystem F ~ Non-reversing Process Systens

In eddition to the five systemz discussed above, the
vtilizaution of non-reversin;, heas exchangers was also
considercd during the prelivinary study stages, since
certain advanbrpes vore epparent; ngaely, the use of non-
reversing excheangaye vould pverantee containment of eny
redioactive iodine conjounds or jedides which page through
the existing N, &. Savanunkh filtgrjng nystom,

It i8 cerioin thet these conteaminants, present in minute
queatities, voull ™ecsce out, gs the air ie cooled tou ap-
proximately -250°F. If the exchongors are of the ruverge
ing typc, therc vas wn apparent danger thel the fodidee
would be carricd Into {he atnosphere during revarsal.,
However, it hui since been established thai the iodides
vould probably plat~ out permoncatly on the evchanger
surfece. Th“TVfU“e, the pdditional cost and couplezity
o1 & non=reversing system is not werranted,

For inforustion purposes, non-reversing exchangers are
shovn @& part of a eryosenic distillation system on
Praving No. 26 8821. 1t is equally possible to utiliz=
non-reversing exchangers with eny of the proposed syctems,

yoten A - Low Tennerature Solid Adsorbent System:

Tge Simplest concept studied wes the low ~uperature adsorp-
tiun of the radionctive gefes on 2 solid ¢ rorbent; a mininunm

of moving parts ond centrols are required, A distincet edvantage
is that there are no filuids required that may result in slioshing

; due to the rocking motion of the ship,
' In general, this systen (shown on braving No. 26 €816) requires

the compressing of the conteminated air to a pressure of about
L 2 . . " 5’y & . 8 s
35 psig and subsequent eooling in the precooler to a temperature

-
of +h0"F to elininatc most ol the moistvre, Since the pPreceuce
i eearbon dioxide or waier vaepur advervsely affeclis the capacity
"~ , ‘o N . I H 4
0 the eldsorbent bed, vhe air i» cooled azainst the "eleaned-up," |




returning gar to 8PpProsiimately -290°r 4y & reversing exchanger
where the CO2 end vater is deposited on the exchanger walle,

To prevent excessive buildup or golids, the peihs are periodic.
&lly reversza and the CO2 ané water depocited on the previous
cycle is effectively renoved by the c¢lean returning gas, The
cooled auir jg then passeg through a bed or

(suek ac nolecular sieves) where the ne

tively edsorbed andg contained g long as eirigeretion ig
waintained, 9The effluznt air, containi;, lees 2 tenth of
@ part per million noble gac, then pa €6 through the eXchanger
System vhere {t Picks up the COs and watery deposited in the
Previous cycle &nd cools the incoming aip, The clean ajpy ig
then exhausted tc the atmosphere through the Savennah exhaust
Bystem, Liquiaq nitrogen from the shipboard Morage tank pro-
vides the refrigeration for this systen,

To contain the adsorbeq noble gases for an indefinite reriod
wvithout liquiaq nitrogen, the adsorbent bed ie varued to agp-
Proximately 200°C and the ef luent gas ccupressed into a
cylinder,

This systen at first glance aeppears extremely simple ang ideally
guited to the Savannah, 3 deteileq anelysis, hovever, reveuled
several serious drawvbacks whieh make this System unsvitable

for this epplication, The nost serious dravback of this systen
is the e€xtremely large adsorbent bed required; the studies
indicate that OvVer 100 cubic fest of adsorbent nateriul is re-
quired to reduce the nobdle €as concentration to & pvermissible
level foy a twvo-day operating period, The adsorption of noble
Bases from afr §s difficult since Oxygen, esnd to lessey extent,
nitrogen - &re also adsorbedq on the surface, Con:cqucnt]y. the
adsorption rate is limiteq by the relatively slow diffusion

rete of the noble gases through the Etagnent aip film, This
results in o long wave front and jis aggravated by the €X-
tremely low councentration of the noble geses,

In addition, the large beds require substentia) Quantitices of
liquig nitrogen fov refrigeration during coecldewn and holding
at approximately liquid oOXygen temperatures, Therefore. the
ginple adsorption systen is not recomwonded for this applica-
tion,

B.:‘..EL‘!S;ES:?‘.LQ,EE richment Proce 2dine 8011 Adrorp tion:

As nentioged in the discussion of the Previcus system, soliaq
edsorption hog severel desirable features but very large beds
are reguired because of the relatively lerpe gas flow and low
notle gas concentration, In an effort to capitalize on the
adventapge of such a fystem, a sirple eryogrnie stripping
colunn is useq to enrich the nodle gas cuncentration to about
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80 Ppu. Thie enrichmant reduces the adeorber flow to about
26 scfm with a resultant reduction in the absorbent bed re-
Quirements to about A cubic feet,

Tris syctem is the Preferred System (sce SECTION VIII -
CONCLUSIONS ARD RECOMHEHDATIOHS) end is described in detail

in SBECYION VI - DESIGH CRITERIA; for conparison with the other
Systens, it ig briefly described here,

As shown on Draving no, 26 8817, the contanminated air is come
pPressed to about 30 peig and cocled to +4o°p to remove most

of the water vapor., The wir then enters the reversing ex-
changers where the remaining vater vapor and COP are frozen out
in the same uanner as describved for System 4. Phe air is then
filtered to remove particunlates Passed to the feed cooler, and
cooled to -290°F, It then cnters the bottom of a packed eoluma,
The contaminated air rPasses upwards counter-current to e
desccndinc streum or liquiad nitrogen which condenses the
relatively high boiling krypton and xenon and concentrates then
in a reletively smad) oxygen=rich fraction in the bottom of the
column, The gas leeving the Lop of the column (contcining less
than 0,10 of & part per miliion noble gasecs) Passes through the
exchanger systen where it cools the inlet air ang Picks up the
C0p and water deposited in the Previous cyecle,

The liquid from the bottom of the colunn is continuously with-
dravn and Veporized., The resultant cold vapor is Passed through
& bed of molecular sieves where the noble gases are qQuantita~
tively adsorbed, The efflueant air, free of noble gases, is
exhausted from the unit after its refrigeration value is re-
covered while it chills the incoming air,

As in the previous eystem, the noble gascs picked up during the

tvo~day emergency will be firnly adsorbeg on the surface of the

absorbent as long ac refrigeration is maintained. For Permanent
containment, the hed is heated to 200°C ana the noble gases are

driven off and compressed into cylinders by & small conpressor,

Draving No. 26 8822 is a Piping ana Instrumentution Diagrean

thut descrides this system in detail,

System C - Cryomenic Distillation:

KErypton ana Xenon, though present in the air in only parts per
million quantities, are Separated and obtainea in high yiela
Comumercially by cryogenie distillation, Air Redvetion has

built se%eral such krypton Producing units ang is currently
Plenning others, Conscquently, considerable experience and data
is available, As & result, it is clear that this esystem coula
be fabricated and installed in the shortest time; however, thig
system is more complex than the selid adsorption system with



cryogenic enrichuent and would require mosre controls, Although
this system would be svbject to more mechaniesl nelfunctions,
It remeins a sound "second choice,.”

As shown on Drawing YNo., 26 6818, ¢fflucnt gir f.om the con-
tainnent room is conpressed to 3D psig arnd then cooled in an
aftercocler., The gir ie then further cooled in a precocler

(to approximately +L0°F by cold air returning from the proceas)
where must of the vaiter is coundensed und removed by a machanienl

Separator, fThe uir is then deep=cocled te the reversing heat _
exchanger where the remaining vater and carbon dioxide are frozen
out (as described for the preceding prosesses),

A portion of this stream is returned to the Mecocler vhere it is
varned while cooling the inlet air. It then peasses Lhrough e
coil in the bottom of the distillation colunas to provide reboil
before rejoining the main air strean,

The air is further cooled to adout ~290%F in the preheating
exchanger before it enters the distillation colunmn, Liquid
nitrogen from the ghipboard liquia storage tank provides the
refrigeration to condense about 15% of the vapors rising in

the column to provide reflux, The refluxing action of the colunn
Washes the less volatile noble gases to the toctom of the column
vhere they seccumulate,

The uncondensed vapors sare removed continuously fron the tep of
the column and warmed slightly in the Prehcater to climinate
the formation of liquid in the reversing exchangers, The
deconteminated air then pagses through the reversiug exchanger
vhere it picks up the COp and water deposited in the previous
cycle before being exhausted to the atmosphere,

The liquid in the botton of the column, containing the aceumu-
lated noble gases, is periodically withdrevn and vaporized into
cylinders capable of holding the gases =t high pressures., The
noble gases may be stored in this manner irdefinitely,

Draving No. 26 8823 is a Piping and Instrumentation Diagran
depicting conpletely this system,

-~

System D - Statie Freon Absorvtion System:

Since krypton and xenon ere quite soluble in a number of solvents,
the possigility of selectively dissolving the fitsion product
noble gases wvas studied. Such o system wonuld be very ecasy

to start up and would result in a simple containmer t and dis-
posal system, Though the noble ¢ases are soluble iy 4 host of
solvents, the properties of Freon-12 were used for evaluation
purposes,



The initial system considered ut!lized = simple butch-type
absorber as shown on Drawing Ho. 26 €819, 1In this process, the
contanminated air is coupressed, cocled end then passcd through
& reversing heat eéxchanger 1o remove the wvater vapor, Since
Vater is insoluble in Freon, it would be detrimental to the
abtsorption process. Refrigeration for this cperation is sup-
plied from the shipboard liquiaq nitregen storage tank,

The eir is warmed to prevent freeze-up of the Freon bath in a
Second reversing heat exchanger by returr stream air, The
a4ir then enters the tottom of the Freon filled absorber where
the xenon and krypton are absorbved as the contanminated air
bubbles up through the refrigerated Freon,

.
The effluent €as from the absorber enters the second reversing
cxchanger where any entrained Freon droplets are deposited,
Upon eycle reversal, the deposited Freon is thaved and returned
via Freon collectors to the main bath, .

Aftey leaving the secuna exchanger, the cleaned~up effluent ges
Passes through the first reversing exchanger where it picks up
eny CO, end water deposited in the previous eyele. It is then
ditcharged to the atuosphere through the exhaust systen of the
ship.

The quantity of Freon in the ebsorber ic sufficient to dissolve
and contein the noble €es release for a full two-day emergency
Pericd. At the end of the operational period, the Freon could
be transferred to a Permanent storage vessel and stored until]
it is convenient to dispose of it.

It is evident that this system is quite adequate for relatively
small flovs, but uniformly distributing o flow of 200 s¢fm in a
liquid is quite difficult without the use of a larger nunber of
low capecity, high pressure drop sparvrgers. This would result

in @ vessel vith a very large cross-sectional erea, In addition,
Eince the contaect time is directly proportionel to the liquiad
depth, & large volume of Freon would be required. Consequently,
this system is not considered suitable for this application,

System B - Dynamic Freon Absorption Systqqi

To retain the edvantages of an ebsorption system, but reduce the
Quantity of Freon required, a dynouic srstenm utilizing a packed
column vgs developed., With this S¥s8 .., better contact betwoen
the liquid and gas is ocbtained,
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As shown on Draving Ko. 26 8820, the contaminated air is compressed,
cocled in the precooler and pasged through the reversing exchanger
wnere the water vepor is removed, To prevent Freon freeze-up in

the column, the cold eir is then rehicated in a second reversing
exchange -,

The air then passes upvards ecounter-currcut to a descending strean
of liquid Freon which quantitatively dicrolves Lhe noble gases.,
The Freon ecirculating system is designed to absorb and contein

the entire quantity of noble geses relenced from the containment
room during a full two-day emergency period, '

The air which conteins a small quantity of evaporuied Freon, lecaves
the top of the absorber and enters the second reversing exchanger
vhere it is cooled while depositing most of the entreined Freon

on the exchanger walls. The Freon is then thawed during the next
eyzle by the incoming sir and returncd to the solvent system

via the Freon collectors.

After leaving the second exchanger, the air passes through the
reversing exchangers where it removes the water and any 002
deposited in the previous cycle. The air is then discharged to
the atmosphere via the existing exhaust system,

Preliminary calculations indicate this process is definitely

feasible and in general could result in a 1¢liedble, easy-to=-
Sperute system. It is estimated that a pucked height of 1% feet
In a 10-inch diemeter column would give the required separution.
This, of couree, could be eccomplished in several smaller
columns if overall height was a limiting requirement. The Freon
requirenment is sdout 175 gallons circulated et a rute of 35 GPM.

This system, hovever, is not recommended for the I, 8. Savannash
gince there is not enough data or experinental operating ex-
periei ce to Justify the installation of such & unit at the
present time,

07 Systen F - Non-reversing Process Systeme:

In all processes, the reversing heat exchangers may be replaced
by conventional non-reversing exchangers if alternate means arcg
provided for COp and water removal. Thir generally is accom-
plished by the use of caustice scrubdbers for COp removal and
industrial type dryers for moisture, The use of thece higher
cost systema are not warranted for this progran,




SECTION VI - DXCIGN CRIVERIA

t~01 General:

Tnis section descrites ths critevia for the detailed design of
8 eryogenically enrichced solid edsorotion siystem for the removal
and containment of noble gases from a 200 cfu gas streaw.

Criteric is included for process development, bWuilt-in operetional
features, and equipument selection. The necessery design ¢lements
for seflety uund reliability are also included.

System Description: (Sce Draving 26 6822) o

The process for the removal of the noble grses will depend on

the adsorptiou of these gaces by a bed of solid adsorbent aftcr
tiie nodle gus concentration has been increased by eryogenie
screvbing in a pecked column., The couplete system will consist
besically of a comprescor, aftercooler, and receiver essenbly,

A precoocler and wvater disposa) svetem, reversing heat exchangers,
e liquid nitrogen fed air scruvving unit assenbly, refrigerated
adrosbent beds, a noble gas collection systen, and a liguid
nitrogen supply systen,

The reversing heat exXchanpors, packed column &ssceuwbly, and re-
frigercted edeorbent beds will be conteined in an insulated
cnld box.

The coupressor, afterccoler, receiver assembly will nave suf-
ficient capucity to remove the 200 efm flow from the existing
fan and filter assenbly and to compress this flow to the re-
Quired systen operating pressuie. A line ¢pen to the atnmosphere
through a spring loaded check valve will be provided to admit
aimospheric air into the systen if an excessively negative pres-
sure exists due tc a deficiency in the flov from the existing
fan and filter syster.

The precooler wil) have gufficient capucity to cool the air
supplied by the compressor to 40°F, A woter separator and
dispozal trap will be provided,

.

“he reversing heat exchangers will have sufficient capacity to
erfficiently conserve refrigeration while removing CO0p and water
vapor by condeasgtion aund freezing on the hent trunsfer surface,




end, if necessary, by ¢old oxygen rich effluent fron the adsorbent
beds edmitted through a control valve to on outer Jacket in con-
tact with the heat exchanger. A temperature contreller will open
this velve if additional cooling is required to maintain LO®F in
the supply air streanu or will open a contiol valve to bypass a
portion of the nitrogen rich return Siream If less cooling ie
required, The air lesving the precoocler wi?l flow through e

Wuler separator where entrained water will be removed and Gis-
posed of through a sccond liquid level type avtenatic drain trap.,

The preccoled and essentially dried air will pass through a re-
versing heat exchanger asgsembly where it wil] be cocled to close

to the proper operating temperaturc of th: derubding unit vhile
depositing CO0» and the balance of the vater vapor on the surfeaces
of the cxchanger, Refrigeration will be obtained from the nitrogen
rich effluent geus from the wash tower. The heat exchanger passes
will be periodically reversed by three-woy valves undey %he control
of a tiper motor in order that the clean return €58 may remceve end
€xhaust thno COp end veter vepor deposits, The deep cooled air will
then pass through a small heat exchunpger where it is further cooled
by the oxygen rich liquid being withdrawy from the wash tower. The
eold air will expund across a back pressure control valve and entel
the wash tower where it will be serubbed by ligquid nitrogen Bupe
Plied from the storage tank; the high voiling noble gascs will be
concentrated iu an oxygen rich liquid at the botitom of the tover
while e¢lean nitrogen rich effluent gas will be withdrawn from the
top &nd returned to the reversing heet exchanger assenbly. The

liquid Jevel in the bottom of the wush tower will be controlled Ly a

level controller that will open a liquid nitrogen supply valve to
increase the leve) or cpen a valve in a line in parallel witk the
normal rich liquid withdrawal line to decrecase the level,

The oxygen rich liquid containing the noble gases will be with-
drevn from the tover, passed through the heat exchanger where it
partially veporizes while cooling the incoming air, and fully
vaporized in a smal) exchanger heated by warm water discharged fron
the conpressor cooling Jackets. The cold vapor then will pass
sequentially through a2 Lank of adsorbent beds where the noble
gases and some oxygen will be removed and retained by adsorption,
The flow will be directea through one adiorbent tube after the
other, through valves under the control of a timer motor. The
Cxygen rich effluent gas will pacs through the precooler tempera-
ture control valve iy required for refrigeration or directly to
the exhaust system, A smal) amount of liquid nitrogen will‘be
admitted‘%hrough & control valve, vaporized in the space sur-
rounding the adsorbent containers, and vented inte the exhavust
systen.




(o)

h)
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(a)

t)

- ©
{f) The eir serudbbing unit sss
- & feed nitrogen control valve, a feed air
assembly, a feed air back pressure contro
control system, and a rich oxygen withdra

embly will conuist of a wash tover with
refrigeration ceil

1 valve, a liquid level

wal system and vaporizer.

The so0liq adsurbent beds will consist of 1
with a suitable adsorbent materl
pressure tight casing,

mltiple tubes packed
al and contained within a

The nobdle Gas coll=ction system vill conzist of a compressor,
aftercooler, and rerciver (storage tank)., The conpressor will
have sufficient capacity to remove the gascs relecased during the
varming of the adsorbent beds in a reasonaeble® tine, The receiver
wil)l be sized to contuin the gases released at the discharge
pressure of the compressor.

The liquid nitrogen supply gystem will consist of a double walled
storage vessel, a pressure building station, and a vacuum punp to
maintain a vacuun in the insulation Space between the double walls,
The storage vessel will be sived to contuin the liquia nitrogen
required for a two~dey operation of the sysiem with a reserve for
losses du. to heat leek during a 20-day period preceding operation,
The pressure building staticn will have sufficient caprnecity to
maintain & pressure of 60 psig in the storage tank while supplying

sufficient wvarm nitrogen gas to cperate the instrumentation syster
end control valves,

System Operation:

Prior to an eccident, the exhaust gas from the existing fan and
filter assembly will be bypasscd around the system and discharged
directly to the N. S. favaunah exhaust stoack, The system will be
de~eaergized and maintained in a ready to operate condition. Vent
tas from the liquid nitrogen storage tank wil) circulate through
the components in the cold box to keep them as cool as posgible,

Upon actuation of the systen star

t button, the nuin eirculation
coupressor will be started and

the comprecsor disclhiarge ghut-off
valve will open., The corpressed eir will flow through an after-
cooler where the compressor heat of compreasion will be removed
ond & ceryain amount of nmoisture will be separated out and dis-
pesed of through a liquid level type autorsiie drain trap. The
€aes will ther pass through a receiver to & rrecooler wvhere it
will be cooled to approximately +40Q°Fp

by nitrogen rich eir re-
turning from the wash Ltover via the reversing hee* exchanpers
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and, if neceseary, by cola cxyeen rich effluent from the adsoerbent
beds admitted throusgh a control velve to on cuter Jacket in cone
tact with the heat exchanger., A tenperature cntroller will open
this valve if additional cooling is required to maintain KO®F in
the supply air strean or will open a contyol valve to bypass a
portion of the nitrogen rieh return sircan if less cooling ie
required, The air leaving the precooler will flow through a

vater separator where entrained water vill be removed wnd dis-
posed of through a second liquid level type avtouantic drain trap.

The precooled and essentially dried air will pass through a re-
versing heat exchanger assembly where it will be vooled to close

to the prover operating temperature of the écrudbbing unit while
deporiting CO2 and the balunce of the waley vapor on the surfaces
of the exchanger, Refrigeration will be obtained from the nitrogen
rich effluent ges from the wash tower. The heat exchanger passes
will be periodicelly reversed by threc-way valves uader the control
of a timer motor in order that the clean return gas may remnove and
€xhaust the (0, and water vapor deposits, The deep cooled air will
then pass through a small heut exchunyger where it is further cooled
by the oxygen rieh liquid being withdrawn frem the wash tower. The
cold air will expand scross a back pressure control valve and enter
the vash tover where it will be scrubbed by liquid nitrogen BUp=
plied from the storage tank; the high boiling noble gases will bde
concentrated iu &n oxygen rich liguid at the bottom of the tower
while clean nitrogen rich effluent gns will be withdrawn from the
top end returned to the reversing heat exchanger aussenbly. The
liquid Jevel in the bottom of the wauth tower wili be controlled by a
level controller that will open a liquid nitregen supply valve to
increase the level or open a valve in 2 line in parallel with the
normal rich liquid withdrawal line to decrcase the level,

The oxygen rich liquid containing the noble gases will be with-
drawn from the tower, passed through the heat exchanger where 1t
partially vaporizes while cooling the inconing air, and fully
vaporized in a smal) exchanger hested by wvarm water discharged fron
the compressor cooling Jackets. The cold vapor then will pass
sequentially through = bank of edsorbent beds where the noble
cases and some oxygen will be removed and retained by adsorption.
The flow will be directed through one sdsorbent tube after the
other, through valves under the control of a timer motor. The
oxyzen rich efflucent gas will pass throu;h the precooler tempera-
ture control valve if required for refrigeration or direetly to
the exheust system, A smal) amount of liquid nitrogen will be
admitte® through a control valve, vaporized in the space sur-
rounding the adsorbent containers, and vented into the exhaust
system.,




(r)
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(b)

At the conclusion of the removul period, shut-off valves will
close to isolate the contaminuted adsorbent beds, the compressor
discharge shut-off valve will close, and warm compresser air will
pase through a shut-off valve to the adsorbent bed casing to heat
the beds snd then through a second shut-off vulve to the exhuaust
system, The conterinated gases released from the adsorbent
material vill be carried by n smell flow of purge nitrogen gas
and dravn through a shut-off valve to the collection system com=-
pressor. The gases will be compressed, aftercooled, and stored
in high pressure bottles. '

At the conclusion of the purge cycle, the systenm will be returned
to a stendby condition, The contanminated ga8cs may be disposed
of at sny safe time.

iain Compressor Assembly:

The main compressor will be = Joy Model WG0L~9 or equal vertical,
single-stage, non-lubricated, water cooled compressor with an
actuel cepacity of 200 c¢fm at 14,5 psia indet and 45 psia dis-
charge. The ecompressor will be driven by a 25 horsepower, 1800
RPH, mo*or,

The coupresuor will be furnfished complete with V-belt drive, belt
guard, aftercooier with moisture scparator and automatic con-

densate trap, ASME coded receiver, discharge relief valve, auto-

matic unloading system with pressure switeh, discharge pressure |
gauge, high discharge air temperature switches, high cooling

water teuperature switch, lov dischar,e pressure switch, vibra-

switch, pulssation bottles, and cooling wuter teunperature control

valve.

Cold Box Arsembly:

The reversing heat exchangers, the wash tover asserbly, and the
adsorbent beds will be installed within an insulpted cold box
constructed of sheet metal and sculed ageinst moisture penetra-
tion. A small nitrogen purge connection will be provided to
eliminate residual vapors., The cold box ascenmbly will be
structurelly self-supporting, provided with asccess panels to
facilitate maintenence, and provided with insulation fill and
drain connections, All velve cperators (cxcept solensids) will
be mounted external to the cold box. The precooler assembly and
associated control valves and piping will be mounted on the side
of the cold box,
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(e)

(d)

The preccoler ussembly will consist of a Joy-Collins or equal
three pass heat exchanger, a vater sepuralor, and an sutomatic
liquid level type drain system. Tre bacic preccoler ecoil will
be capable of cooling 200 sefm of air saturated at 95°F and
approximately LO psia to WO°F while warning 206 scfn of air
supplied seturated at +25°F and epproxinatiely 20 psia, The
totul pressure drop of both streams will not exceed 6 psi,

The third exchanger pass shall provide intimate contact between
26 cfm of oxygen rich gus at epproximatcly ~300°F and the

vermer supply eir in such a manner that the supply air may be
covled from +50°F to +4O°F if a deficiency in temperature or
flow exists in the Primary refrigeration stream., The pressure
drop in this auxiliary pass will not exceed & pei. The water
separator will be capable of removiag entrained water from the
200 scfm precooled nir strean and delivering it to the automatiec
drain asseubly, This assembly will be capadle of discharging the
collected water to an atmospheric drain system at the rates re-
qQuired for continuous operation without substantiel pregsure
fluctuation in the piping system,

The revercing heat exchangers vill be compact Trane or equal
alumirm core with flanged conneetions., The exchangers will be
cepuble of cooling 200 sefw of CO02 &and water vapor contaminated
air supplied at approximately kO psie from +L0°F to ~293°F while
varning 206 scfm of an 85 per cent uitrogen, 15§ oxygen mixture
Supplicd at approximately 25 psia from -297°F to +25°F. The
total pressure drop in both streams will not exceed 10 psi,

The exchanger surface will be arranged to provide a reusonable
run time Letween pass reversals.

The air scrubbing unit assenbly will be capadble of concentrating
the noble gases in @ 200 sefn contaminated air stream into an
oxygen rich liquid when provided with approximately 2 lbs, per
rinute of ligquid nitrogen for reflux, The asscmbly will be
further capable of vaporizing apprexinately 2 1bs. per minute

of the rich liquid for subsequent supply to the adsorbent beds.
The assembly will be constructed of stainless steel and rated

for a mininum operating pressure of kLo psig. The column will be
of the packed type and provided with a full diameter access
flange. The vaporizer will be capable o vaporizing the specified
flow of liquid when provided with varn water dischorged fro= the
compressor cooling Jackets. An electricsal heater and control will
be prcvgpod to guard aprpainst freeziug.

The adsorbent beds will be capable of adsorbing and firmly con=-
taining the noble gases in a 20 scfm oxypen-nitrocen mixture

supplied at g tempeorature of approximntely «250°F continuonsgly
for 438 hours. The adsorbent material Wwill be contained within
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'?”?gopper tubes provided with suitudle screens that are in turn

5. housed within a pressure tight casing., The casing will be

| designed to withstand wn internsl pressvre of 5 paip and will be
s provided with a liquid nitrogen f£il) lince and shut-off velve, a
vars air inlet line anrd shut-off valve, & druin line and shute
off valve, and a vent line,

6-06 Collection Bvstem Assembly:

.

‘ (a) The collection system compressor will be a Corblin Model AlCVY 250
‘ or equal two~stage diaphrugm-type compressor with an actual
capocity of 1 efw at 1h.7 psia inlet and 2h00apsia discharge.

The compressor will be driven by & 3 horsepover, 1800 RPM, moter.

{b) 7The compressor will be furnished complete with Vebelt drive,
belt gunrd, wftercoocler, interctepe and discharge relief valves,
interstoge and dischurge pressure gaugces , autouwatic unloading
system, and high and low discharge prescure switches,

{e) The high pressure gas storage botiles will be capabkle of cone
taining approximately 1000 scf of compressed szas et 2200 psi
indefinitely., The heat genersted due to the readiocactive deecay of
the fission products will be disperscd into the surroundings Ly
natural convection augmented if reguired by a thermestantically
controlled blower or exhaust hood arvangemaont,

6«07 Liguid Nitrogen Supply System:

(a) The liquid nitrogen storage vessel will have o minimum capacity of
1250 gallous exclusive of a 107 ullege space. The inner vessel
will be constructed of stuinless steel and ASME code stanped for
operation at 60 psig minimum., The vessel will be provided with
liquid fil) and withdraval connections, back pressure control
valve, pressure relief valve, rupture dise, and vaporizer con-
nectiona. The losses due to heat lesk will not exceed 154 of
full capacity per day.

Zy) The vaporizer will be of adequate size to provide sporeximately
200 scfh ¢f nornal temperature gas on a continuous basis
vhile receiving heat from the surrounding air.




The Instruments neccessary for the control of the system with the
exception of certein locar teupersturc and pressure switches will

Q' be mounted on a free standing control penel, This penel will also
o contain the pushbuttons required to stert Lhe system as well as
é{ the system status indicating lights,
5
I, o
(b)) All pertinent temperatures will be monitored by = Minnesapolis-
e Koueywell or equal 24 point strip chacl recorder.
'.J: .
' "fe) The back pressure control valves in the line entering the scrubbing
l . unit end the vent line from the liquid nitrogen storage tank will
g be positioned by Fisher-Wizard or equnl pressure controllers.

l {d4) The valves reguleting the liquid level in the scrubtbing unit will
) be positioned by a Barton Controls or equs) differentisl pressure
controller,

(e) The valves controlling the temperature of the eir leaving the pre-
cooler and the tenperature of the oiygen rich gas leaviag the

_ vaporizer will be positioned by Minneeapolis-Honeyvell or equal

‘ temperature controllers,

“f’ A Vest or equal pyrometer will cycle a solenoid to admit liquid
o nitrogen into the casing surrounding the adsorbent beds upon
’ denend,

{‘) All pertinent system pressures will be indicated on 4 1/2 inch
réy dial gauges,
i 3 .’ -~

Gas Chromatograph:

'¢,.) The efflucnt gas stream will be monitored Ly an Air Reduction
R Model 22-7T01 Cas Chronmatogreaph.

‘{d) The chrdmatograph vill have & scale deflection for krypton of

- 2h divisions or greater for krypton in stondard air (1,13 ppu) end
vill be repeatable to #2 divisions or better, Therefore, it will
detect traces of krypton in air of 0,) ppw or less (0.05 with
wperator carve),
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«10 ipin :

) The piping systems will be designed and tested for at least 100
per cent higher than the raoxipunm system operating pressure,

»3 All warm piping will be carbon steecl or copprr,  All cold piping
will be stainless steel, aluninum, or copper,

:) Relief valves will be provided in the pining systems to guard
against excessive bressures that can result dne to valve isolation.

-

1l Electrica)}:

} All electrical work wWill be in accordance with the National

Eleetrical Code ana any other codes coverning shipboard use,

) The svitchgear (motor sterters) controlling the COMPrescor motors
will be mounted on the conpressor skids., A1l releys and controls
hecessary for the operation of the system will be lounted in o
stundard NEMA enclosure installed within the control pancl.,

————

) The system will be conpleiely assembled end tested prior to
delivery for shipboarad installation.

} The compressors will Ye operated and checked for capacity against
the specified delivery pressure,

}] The cold box assenmdbly will be proof pressure tested and leak
tested.,

The assenbly will be operated with standard air (1.13 ppn krypton),
‘all controls will be adjusted, and the effluent €48 stream wil) be
-monitored for krypton content,

.

' T After the unit is functioning Properly, a mixture of approximately
1% krypton in nitrogen will be introduced into the 200 efm air
stream to inerease the Krypton councentration to about 10 ppm. The
effluent gas stream will be monltored for krypton content foy &
period of 2 days,
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After the 2-day operating period, the purye and coldlection system
wvill be opereated to desorb the krypton
The purge gas will be monitored to de
complete.

from the absorbent beds.

wonetrate that clean up is
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SECTION VII - COST ARNALY31S AYD SCHEDULE

Genereal:
— ot —

Cost analyses were prepared for the tvo nost attractive systens
(8ystem B and System C) previously deseribed in SECTION V -
BYSTEMS DISCUSSION of this report. These cost enalyses were in
turn a basie for the final system sclection as described in
SECTION VI -~ DESIGN CRITERIA. Presented herein are the antici-
pated costs to be incurred for the detailed ¢esign, fabrication
and allovances for the pre-insteliation testsy end final ine-
stallation and chec't-out aboerd the N, 8, Sevannoh ready for
operational service.

An additionsl cost analysis was mede which indicates the savings
vhich could be accomplished should the beosic 200 ecfm purge flow
rate be reduced to 100 scfm or less (sec 7-0h),

A schedule of ocperations is resented, This schedule showza the
i p
C

time required to complete the design, felrication, instellation
und test of the described unit.

e

System B -~ 801id Adsorption with Cr epenic Enricament:

Detail Design $ 16,000
Materinl

e. LNy Tank, Vacuum Jacketed Piping,

Fumps and Auxiliery Equipment $ 16,000

b. Moin Compressor Equipment 9,600

¢. Instrumentation and Control Valves 12,200

d. Cold Box, Exchengers,

Adsorbent Towers, etc. 9,600

e. Collection Systens 8,200

f. Piping and Electrical 2,%00

g. Analytical Equipment 6,000
$ 6,500
Faprication Labor 8,900
Test 17,000
Travel and Subsistance 1,700
Allowance for Overhead & Frofit 23,000
Shipboard Installation Cost 6,500

Estimated Project Cost $ 127,600
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stem C -~ Cryorenic

D

ietiliation:
o Wk DI

Deteil Degipgn

Material

b.
C.
d.
e.
r.
E.

100 SCru so%iﬂ.ﬁ@ﬁ?ﬁﬂii?” System with Crvorenie F

LH2 Tank, Vacuum Jacketed Piping
Purps end Auxiliary Equipient

Mein Compressor Equipment

Instrumentetiou ard Control Valves

Cold Box, Exchangers Column, ete,

Collection Systemn

Piping end Electrical

Analytical Fquipnent .

Febrication Labor

Test -
Travel and Subsistance

Allowance for Overheed & Profit
Shipboard Installation Cost

Estimated Project Coss

- —

i
i

(Alternate Bused on Systeu B)

Detail Design

Materials

a.

b.
e.
d.

e.
T.
e

LNy Tank, Vacuunm Jacketed Piping,
Pumps and Auxiliary Equipment
Main Conpressoy Equipnent
Instruncntation and Coutrol Velves
Cold Box, Exchangers,
Adsorbent Tovers, Ric.
Collection System
Piping end Electrical
Analytical Equipment

Fabrication Lator

Test

Travel and & bWsistance

Allowance for Overhead and Profit
Shipboerd Irstallation Cost

Estimated Project Cost

T D

$ 17,500
$ 16,000
9,600
14,000
11,400
7,500
3,100
6,000

67,600

1k,200

12,800

1,900

29,000

7,500

$ 150,500

il M‘v-.e.--'--?m:

$§ 16,000
$ 13,000
7,000
11,000
7,000
7,200
2,000
6,000

$ 53,200

7,000

5,500

1,700

19,500

6,000

$ 108,900




of Operations:

;*h?;dule:

Initiate Fabrication
Fabrication Completed

Inspecetion Completed

Delivery

Personnel Treining

Assenbly for Test Coupleted
Pre-delivery Testing Completed

In{tiete Installetion of Supporting

System Installation Coupleted

Shipboard Tests Completed

fdetailed analycis of tre design, fabrication, test, and
netalletion requirements has resulted

in the following realistic

Elepsed Time
(Weeks)

O

DN W v w

12
i3
15

17

Services 16

18
20
21

21




udy for deternining the fearibility of recovering the
gases, evolved during & malfunction of the nuclear

metor on the N. 8., Savannah, heas been completed, Several
p;.ll with verying degrees of reliability and shipbourd
ptability have been investigated., Some of these systens

re eliminated from final consideration due to various
ficlencies in r.lisbility or edaptability for their intended
“use, Tvo of the investigated systems clesely approach the
‘eriterin as presented, A finel evaluntion besed on reliability,
ease of operation aud piintenance, and initial cost resulted

in the sclection of System B.- "Solid Adsorption With Cryogenic
Enrichnment." .

This system has a Lhigh degrec of reliability and will meet the
needs of the N. S, Savannah with & mininum of development effort.
The reversing exchangers for 002 and waler removal are widely
used in the air separation industry and present no design or
operating probleam for this applicatiun. Liquid nitrogen wash
celumne have successfully been used in the chemical industry

and as & result consid2rable design date is availedble,

The absorbent beds caniot be preciscely sized by enelysis with

& high degrez of certai.ty; therefore, pre-instaileation factory
* tests of the unit will Le required, During the testing period,

the beds will be cheoked for efficiency of removal of noble gases
for total cbrorption cepueity, fox pressure drop, and for clean-up
ebility. OUome wodification of the beds rey be requirced,

This progrer can be conducted concurrently with the on-board
installation of supportinug services and equipnent and will not
gseriously affect th- overall design, fabrication, and installation
program,

s A
X--
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SECTION IX - DRAVINCS

0¥ _DIAGRAMS

. Bystem A - Low Teny ure Solid Adsorption b 26-8816
Bystem B - Solid A¢ ption with Cryogenic Enrichment D 26-881?
B8ysten C - Cryogenic Distillation D 26-80618

System D

Systen E

Stetic Freon Absorption

Dynamic Freon Absorption

26-80819

26-8020

System F - Nou-Revercing Procens D 26-8321
PIPING AND IEKSTRUMERT DTAGRﬁTS

Bystem B - Solid Adsorption with Cryogenie Fnrichmant D 26-8822
Systex C - Cryogenic Distillation D 26-8823
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