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ABSTRACT

The dissolver vent gaiei constitute the most highly contaminated gas 
stream  in the present Hanford Separations Plants. Prom the health hasard 
viewpoint there are two principal contaminants, radio-iodine and an aerosol 
composed of other fission-products. An extensive study has been made at 
Hanford of methods and equipment to remove effectively these materials. This 
investigation has led to the development and adoption of the silver reactor and 
Piberglas filter for iodine and particulate matter removal, respectively. Plant 
scale equipment has been designed and installed in the dissolver cells. The 
firs t silver reactor -  Piberglas filter assembly was placed in operation on 
October 26, 1050. The efficiencies of the two components have been eval
uated. Caustic scrubbing monitors were used to determine the radio-iodine 
content of the dissolver vent gases upstream and downstream from the silver 
reactor, and CWS Type 6 monitoring filters were used to determine the 
particulate decontamination of the Fiberglas filter. The monitoring data have 
established the l13* removal efficiency of the silver reactor to be 99.8% and 
the filtration efficiency of the Fiberglas filter bed to be greater than 99.9% 
and probably near 99. 99%. A conservative estimate of the minimum useful 
lives of the two components (under Hanford conditions) is at least one year.
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DECONTAMINATION OF DISSOLVER VENT OA8ES
AT HANFORD

INTRODUCTION

In the separations p ro cess  the irrad ia ted  m etal, after a suitable "cooling" 
period, is  charged to the d isso lver, or the f ir s t  processing vessel. Here the 
aluminum jackets a re  rem oved and the uranium  is  dissolved. The dissolver 
vent gases during actual m etal dissolution and the agitation and tran sfe rrin g  of 
the p rep ared  solution constitute a very highly contaminated gas s tream  in the 
p resen t Separations P lan ts . The radioactive contaminants considered in this 
I rep o rt a re  of two types, radio-iodine, and an aerosol composed of other fission 
[products. One of the p rim ary  problems of the Stack Gas Group a t Hanford Works 
has been the development of methods and equipment to remove effectively, the 
[radioactive iodine and particu late contamination from the d isso lver off-gas 
I s trea m s. The c rite ria  guiding the study of possible removal p ro cesses  have 

ten; high efficiency, low maintenance requirem ents, avoidance of secondary 
isposal problem s, and sim plicity of operation. The investigation has led to 
le development and adoption of the silver re a c to r  and F iberglas f ilte r  for 

Iodine and particulate m a tte r removal, respectively . The functions of the two 
>aratus are  independent and they will be discussed  individually.

,VER REACTOR

(A) Background
The investigation of the silver reac to r as  a method of radio-iodine 

emoval was initiated at Hanford late in 1947. The basis of operation is the use 
a silver-bearing , reac ting  bed at an elevated tem perature. The iodine 

eac ts  chemically to form  silver iodide and is  retained  within the bed. For 
Hcient rem oval of iodine i t  is  necessary to maintain the silver bed above the 
ndensation tem perature (230°F) of the n itric  acid vapors evolved during 
etai dissolution. The optimum tem perature appears to be between 300 and 

[25°F. The equilibrium of the reaction

\

2 A g  + I2 ^ 5 2 Ag I
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favors Ag 1 formation even at Low temperatures, The low vapor pressure of 
iodine above silver iodide at the operating temperatures makes possible the 
rapid and essentially complete removal of iodine from the gas stream.

In the firs t series of tests an 8 inch depth of solid silver pellets (4 to 
10 mesh) was contained in a 2 Inch stainless steel reactor pipe heated by a 
resistance tube furnace. An aliquot of the dissolver off-gas stream, 0.3 cfm. 
was passed thru the reactor. A scrubbing tower containing trlchlorobenxene 
was used in series downstream from the reactor to determine the quantity of 
iodine which was not stopped by the silver bed. In subsequent runs, a 6000 
watt preheater was installed prior to the reactor to permit the treating of 
larger quantities of the gas stream (10 to 12 cfm.), and a  corundum base silver 
catalyst, which contained 2% silver by weight, was used in the interest of 
economy of silver. The catalyst was obtained from the Air Reduction Sales 
Company. These early Hanford tests clearly indicated that removal efficiencies 
in the order of 09 .9% could be obtained.

Due to the pressure of other Plant problems, the assistance of the Air 
Reduction Sales Company was enlisted in the silver reactor development pro
gram. Their investigation was conducted over the period from March 1948 to 
August 1040. Efficiency determinations under various operating conditions
were made by Air Reduction with cold iodine and with an iodine stream con-

131taining tracer quantities of I . This work has been described in their 
Reports ARSC - 10, IS, 20, 25, 28, and 29.

A series of confirmatory pilot plant runs was made at- Hanford from 
October to December, 1949, All the experimental resu lts indicated that the 
method could provide an iodine removal efficiency of at least 99.9%. Accord
ingly, the decision was made to install plant-seals' silver reactors.

(B) Plant Silver Reactor

The firs t silver reactor - Fiberglas filter assembly was placed 
in operation on October 26, 1950. A schematic representation of the equipment 
is given in Figure 1. Dimensional details of the heater and reactor column are 
presented in Figure II. The heater and reactor are  designed for an off-gas 
flow'of 150 scfro.(35% air and 65% oxides of nitrogen) and a gas temperature of

•  • •  
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435 P. entering the reactor. The heater section, 1 foot 9 i/2  inches x 10 1/4
Inches In cross-section and 6 feet 111/4 inches long, has 0 stainless steel en
cased calrod heating elements arranged in 3 parallel circuits connected to a 
3 phase 440 volt power supply. Each element is rated at 12 KW. The silver 
reactor is 2 feet in diameter with an overall height of 9 1/4 feet. The packed 
section is 8 feet in height and composed of 1/2 inch unglated Berl saddles 
coated with silver nitrate J  The packing was prepared by dipping the saddles 
in 20 molal silver nitrate solution, drying and charging to the reactor. The 
temperature of the gas stream leaving the heater is controlled at 478°F; a 
40°F drop In temperature occurs between the heater and reactor. A platinum 
therm ohm is located in the gas stream prior to its entering the reactor column. 
The temperature reading is recorded on a Leeds and Northrup Micromax and is 
transmitted to a Reactrol and bank of 3 saturable reactors. The reactors pro
portionate the power input to the heater elements to maintain a constant tem 
perature at the control point. A second thermohm is located in the plenum 
chamber above the reactor bed. This is  used to establish the fact that the 
entire reactor is at temperature before metal dissolution is begun. Approxi
mately 8 hours are required to bring the entire column from room temperature 
to the operating temperature. Because of the frequency of dissolving, the re 
actor unit is continuously maintained at the operating temperature. The melting 

Lnt of silver nitrate is 413°F and the film becomes quite fluid at temperatures 
above 500°F, To prevent damage to the silver nitrate surface from over

rating the bed an audible alarm has been incorporated into the temperature 
•ecorder. This will warn the operator if the temperature of the gas stream 
to the reactor reaches 500°F. The current to the heating elements can then be 

it off until the difficulty has been corrected. From the operational viewpoint, 
ie performance of the equipment has been satisfactory.

(C) Performance Data

The firs t silver reactor - Fiberglas filter assembly was provided
Lth complete sampling facilities. Monitoring data, based on sampling by
lustic scrubbing of aliquots of the dissolver off-gases upstream and down-

131itream from the silver reactor have established the I removal efficiency to

f M • • • • •
► • • • • • • •
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be 99.9%. 11 l i  believed that the precision of the present sam pling and analy
tical techniques prevent the determination of a fourth significant figure. The 
data a re  presented in Table I.

TABLE 1

SILVER REACTOR MONITORING DATA

Date U pstream  Monitor 
, c .  1131

Downstream Monitor 
HC.

Efficiency
%

11/10/50 1260 0.8 99.95
11/10/50 1420 0.4 99.97
11/14/50 20780 63.8 99.69
11/14/50 11120 9.8 99.91
11/14/50 12640 5.0 99.96
11/16/50 1640 5.6 99.66
11/16/50 2740 10.4 99.62
11/21/50 10620 14.0 99.87
11/21/50 11680 14.0 99.88
11/21/50 6340 12.0 99.81
11/21/50 15080 12.0 99.92
11/21/50 30080 12.0 99.96
12/14/50 2060 0.56 99.97
1/23/51 3430 2.09 99.94

\ Average 99.9

The data for each se t of upstream  and downstream monitoring scrubbers 
have been norm alised to equal volumes of gas delivered to the m onitors. The 
same volume of gas was not necessarily  used in a ll  the monitoring runs.

The maximum life of the silver reacto r can be estim ated from  the 
quantity of silver available fo r reaction. The average silver n itra te  content 
of the d isso lver cell reac to rs  is  50 pounds. On th is  basis the available silver 

• is  31.7 pounds or 14,400 g ram s, and the theoretical iodine capacity would be 
16,900 g ram s. This calculation is based upon a  complete utilization of the silver 
and would require  penetration of iodine through the silver iodide film  initially 
form ed. Data on this point a r e  not available. An estim ate of the life  of the

••• • • •
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eactors for the HAitford dissolvers is  very difficult at the moment because of 
operating changes being made. Consideration of these two factors has led to 
a conservative estimate of one year's  operation on the Hanford dissolver off
gas stream. *

FIBERGLAS FILTER

(A) Background

The success of the sand filter installations at Hanford led to the 
investigation of employing the same filtration mechanism, but with filter media 
of more desirable properties. Fine glass fibers were selected as a m aterial 
offering much promise. An extensive study has been made of the param eters 
affecting filter performance of the various grades of Fiberglas produced by 
the Owens Corning Fiberglas Corp. This has resulted in comprehensive data 
that make it possible to design a Fiberglas filter to meet any specific operating 
conditions and requirements. A detailed account of this development work and 
the bases for the selection of the filter bed composition used in the dissolver 
off-gas filter will be presented in a separate report now in preparation.

(B) Description of Plant Equipment

The dimensional details of the dissolver cell Fiber gits filter are 
presented in Figure in. The unit is 2.5 feet by 5 .5 feet with an overall height 
of 4.3 feet. The cross-sectional area, 12.5 f t .2, results in a superficial 
velocity of approximately 20 ft. /m in. under conditions of maximum gas flow 
(170 scfm. during the charging operation) and at the temperature of the gas 
stream in the filter (approximately 300°F). The filter has been designed to 
provide a decontamination of the gas stream of 10* and a pressure drop of 
4.0 inches of water at this flow ra te . The filter bed composition is tabulated 
below:

* Details of this calculation are not included in order to avoid a production index.
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F ilter Bed Strata Type Fiberglas Bed Depth Packing Density

Clean-up Layer "AA" 1 inch 1. i  lbs. / f t .3
Third Layer 115-K 20 inches «. 0 lbs. / f t .J
Second Layer 115-K 10 inches 3.0 lbs. /ft.
Bottom or First Layer 115-K 12 inches 1.5 lbs. / f t .11

It is essential to prevent an appreciable condensation of liquid in the 
Fiberglas bed. This is  due to the following factors: the greatly increased 
resistance to air flow associated with liquid in the packing, the probability 
of the formation of channels with consequent loss in filtration efficiency, and 
decreased life due to the deterioration of the glass fibers. This latter effect) 
is caused by a leaching action of the water or acidic condensate. The alkali 
present in the glass is removed and results in a severe embrittlement of the 
glass fibers. In the dissolver cell installation the formation of condensate 
within the filter has been prevented by having the filter downstream from the 
reactor. The temperature of the gas stream  passing through the filter is 
approximately 300°F.

During the pilot plant filtration study of the dissolver off-gas stream 
indications were obtained that residual nitric acid remained in the filter 
following metal dissolution and that the subsequent evolution of ammonia durir g 
the aluminum jacket removal resulted in the deposition of ammonium nitrate.
As this salt formation would appreciably shorten the useful life of the filter 
and possibly constituted a potential explosive hazard a by-pass line around 
the filter has been provided. The gas stream  is directed through the by-pass 
line during the coating removal process. The experimental data Indicating 
this ammonium nitrate formation are open to some question. The only available 
access point for sampling the off-gas stream involved an extremely long length 
of piping (approximately 300 feet) with possible trap points for acidic conden
sate. Consequently, it could not be definitely established whether the salt 
formation was occurring in the dissolver cell system or the sampling line itself. 
As a safeguard, by-pass lines were provided in the first units. Recently, the 
lines used to obtain the pressure drop across the filter have been used to draw 
samples of the gas stream  into the Canyon Building pipe gallery. The possibility

SECRET
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•tu^li*of ammonium nitrate form ation within the fU ter i •  now being a tu tted  with the 
use of these short, condensate free lines, in th is way the need for by-pass 
provisions in future d isso lver off-gas installations will be determ ined.

(C) Perform ance Data

To obtain accurate efficiency data for the Fiberglas filte r, 
m onitoring equipment was installed in the Canyon Building pipe gallery . The 
upstream  and downstream gas sam ples were draw n through the p ressu re  
lead lines (mentioned above) and passed through CWS Type 6 monitoring 
f ilte rs . This system is schem atically represen ted  in Figure IV. The data 
have established the partic le  rem oval efficiency of the Fiberglas m edia to be 
g rea ter than 99.9% and probably near 99. 99%. The data are  given in Table Q.

TABLE II

FIBERGLAS FILTER MONITORING DATA

Upstream  Monitor* Downstream Monitor*
Date Flow (cfm) M rep /h r. Flow (cfm) M rep/hr. Efficiency (%)

12/19 1.0 6000 1.0 <5 * >99.92
12/19 * 1.0 1500 1.0 <5 >99.67
12/21 1.0 4250 1.0 <5 >99. 88
12/21 1.0 33000 1.0 8 99.97
12/21 0.5 8750 1.5 <5 >99. 98
12/22 0.5 6000 3.0 <5 >90,98
12/22 0.5 135 3.0 <5 >99.39

* All activity m easurem ents are  Cutie P ie  readings. This instrum ent 
does not give quantitatively reliable readings below about 5 m rep /h r. 
T his leads to the "g rea te r than" efficiencies listed above and discussed 
in  the paragraph below.

In th is efficiency range, with only approximately 1 part in 10,000 passing 
the filte r it is  quite difficult to obtain definitive efficiency values. Even with 
the expedient of using different flow ratio  through the two m onitors it is  difficult 
to  obtain a se t of monitoring f ilte rs  for which the upstream  sample is  not to 
"hot", or the downstream sam ple too "cold" fo r accurate activity readings.

* 11 coy•  1
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Consequently, the majority of the efficiency determinations can be expressed 
only as "greater than" values. It should be noted that these efficiencies rep re
sent the actual removal of contamination by the Fiberglas bed. The efficiency 
values obtained agree very well with the calculated design figures. If there is 
a slight leakage through the seat of the by-pass valve, the leakage would not be 
recognisable with the use of the pressure taps as sampling positions for effi
ciency determinations. The effective efficiency of the unit, as constructed, 
could, therefore, be less than indicated by the efficiency determinations.
Leakage tests performed on the by-pass valves before installation on the filter 
assemblies in the operating cells indicated less than 0.05% leak through the 
valves. Even this small flow through the closed by-pass valve could represent 
several times the amount of activity passing through the. Fiberglas.

The extremely high contamination level of the dissolver vent gases has 
prevented a determination of the actual loading of the gas stream. The effec
tive loading of the main ventilation a ir  stream however, has been measured at 
several points throughout the ventilation system. These data have been obtained 
by determining the pressure drop increase across test CWS filters at the fol
lowing locations: the building supply a ir prior to the a ir  conditioning treatment, 
after conditioning, i  a  the Canyon deck, and downstream from the process cells. 
These measurements have established that only a small fraction of the filter 
burden of the effluent building air stream  is contributed by the conditioned air 
supplied to the Canyon deck. The majority of the suspended material in the 
effluent a ir is due to the aerosol generated in the process operations and d is
charged from the vessel vent lines. When the effluent a ir stream from the pro
cess cells and the conditioned air entering the cells were used as test stream s, 
the pressure drop across a CWS test filter was doubled twenty five times as fast 
for the effluent a ir as for die conditioned air.

The activity level of the dissolver vent gases, per unit volume, is in the 
order of IS times that of the main ventilation air stream  (downstream from the 
process cells). Therefore an effective loading 15 times that of the ventilation air 
can be used for calculaHoajuirposes. It should be noted that this approach will 
yield a fictitiously high loading for the dissolver off-gas stream due to the fact

%
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that its specific activity is much greater than that of the aerosol generated in 
the later stages of the Canyon separations process. Consequently, a figure 
obtained with this loading represents a minimum filter life.

A corollary study has been made of the relative life expectancies of 
Fiberglas and sand filters. The procedure and results will be presented in 
detail in the Fiberglas filtration report now in preparation. The tests were 
conducted by passing an air stream laden with methylene blue smoke through 
parallel filter units containing various grades of Fiberglas media and a model 
of the present Plant sand filters. The methylene blue smoke had a median 
>particle size comparable to the radioactive ventilation air aerosol (0.6 microns). 
The quantity of methylene blue passed to the various units was determined by 
spectrophotometric analyses of solutions obtained from CWS Type 6 monitors.
The useful life of the filters was obtained by the pressure drop increase in re 
lation to the quantity of dust deposited. The data have made it possible to esti
mate a sand filter life in the order of 6-8 years. The study established that the 
useful life of a Fiberglas filter with the composition of the dissolver off-gas 
filter would be approximately twice that of the sand filter for a methylene blue 
aerosol. On the basis of the loading of the dissolver vent gases being 15 times 
that of the ventilation air, the minimum life of the dissolver cell filter should be 
at least one year. The first dissolver off-gas filter was placed in operation 
O ct. 26, 1950. There has been no detectable increase in pressure drop, to date.

SUMMARY
The silver reactor and Fiberglas filter have been developed and selected 

at Hanford Works as the methods best fulfilling the requirements for the r e 
moval of radio-iodine and particulate contamination from the dissolver vent gases. 
Plant se a l/ equipment has been designe \ and installed in the dissolver cells and 
the efficiencies of the units hove been evaluated. The 1 removal efficiency of 
the silver reactor is 99. 9% and the filtration efficiency of the Fiberglas filter bed 
is greater than 99.9% and probably near 99. 99%. A conservative estimate of the 
minimum useful lives of the two components (under Hanford conditions) is one 
yeas. The equipment has been in operation for over three months with no change
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