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ABSTRACT

A fluorocarbon-based selective absorption process for removing krypton-85,
carbon-14, and radon-222 from the off-gas of conventional light water and
advanced reactor fuel reprocessing plants is being developed at the Oak
Ridge Gaseous Diffusion Plant -in conjunction with fuel recycle work at
the Oak Ridge National Laberatory and at the Savannah River Laboratory.
The process is characterized by an especially high tolerance for many
other reprocessing plant of[-gas components. This report presents
detailed drawings and descriptions of the second generation development
pilot plant as it has evolved after three years of operation. The test
facility is designed on the basis of removing 99 percent of the feed gas
krypton and 99.9 percent of the carbon and radon, and can handle a nomi-

'
nal 15 scfm (425 sim) of contaminated gas at pressures from 100 to 600
psig (7.0 to 42.2 kg/cm2) and temperatures from minus 45 to plus 25'F
(-4 3 to -4*C) . Part of the development program is devoted to identify-

*

*
ing flow sheet options and simplification 3- that lead to an even more
economical and reliable process. Two of these applicative flow sheets
are discussed.
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SELECTIVE ABSORPTION PILOT PLANT FOR DECONTAMINATION

OF FUEL REPROCESSING PLANT OFF-GAS
.
.

INTRODUCTION

Irradiation of nuclear fuels results in the production of substantial
quantities of various radioactive isotopes. With the establishment of
mo re s tri ngent environmental emission guideli nes, several methods have
been proposed for removing these fission products /by-products from con-
taminated nuclear process off-gases [3,17,29,30,42]. Selective absorp-
tion is one of the more versatile processing schenes that has been com-
mercially adapted to the decontami nation of di fferent reactor
o f f-gases [5,14,15,39]. Several process solvents, including carbon
t e t rach lo ri de [ 2 3,40 ] , kerosene-base liqui ds [31], liquid nitrogen [ 3,4) ,
nitrous oxide [ 30], liquid carbon dioxide [6,12,13,17,43), dichlorodi-
fl uo rome th anc [24,30 ,41], and t ri chlorofluoromethane [25], have been
proposed for th is and other applica tions . Considering solvent capacities,
separation factors , and thermal and radiation stabilities, as well as
overall process safety and economic features, Steinberg [31] suggested
in 1959 utilizing an absorption process employing dichlorodifluoromethane
( re f ri ge ra n t - 12 ) for stripping the noble gases from contaminated air
s t reams . Both the solubility data of Steinberg at Brookhaven and
Yamamoto and Takeda at the University of Tokyo [46] and the regular
solution theory calculations of Merriman at Paducah [27,28] show that
k rypton and xenon are markedly more solub le in refrigerant-12 than are
nitrogen, oxygen, and orgon .

Development of the fluorocarbon-based process was initiated in 1967.
At that time, a test facility was built at the Oak Ri dge Gaseous Diffu-
sion Plant (ORGDP) to establish general process feasibili ty and to col-
lect krypton absorption data [24]. Thi s ini t ial equipment , while some-
what limited in operating capability, functioned exceptionally well and
valuable overall performance information was attained. In 1970, the
test ing program was oriented to demonst rate specific application of
the process to achieve cleanup of the off-gas from light water
rea c t o rs [32]. Pilot plant tes ts demonst rated the basic feas ibili ty of
the process and showed that better than 99.9% of the krypton and xenon
could be removed from various reactor off-gases such as ai r, nitrogen,
argon, helium, and hydrogen, and process concent ration factors in excess
of 1000 could be achieved. The absorber operation and performance were
well defined during these tests. Subsequent data analysis and correla-
tions yielded needed absorber design equations [ 32,34 ] . The tests indi-
cated that the intermediate and final stripping operations were complex
but the existing f acili ty lacked the plovisions to monitor the performance
of these two parts of the process well enough to get needed quantitative
data. Consequently, only qualitative i nforma t ion was actua lly obtaine d

the gas stripping equipment duri ng the earlier work . In 1971, scopingon
tests showed that the process has a remarkable tolerance fo r o ther +'ue l
reprocessing plant of f-gas componen ts , such as nit rogen oxides , carbon
dioxide, water, iodine, and methyl iodide [26,33,34], but additional work
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was not performed in this rea, again because of existing pilot plant -

limitatioms .
.-

Based on the demonstrated operability, performance, and tolerance that
the fluorocarbon process exhibited for typical off-gas components,
efforts were initiated to adapt the process to krypton decontamination
of LMFBR fuel reprocessing plant off-gas. In concert with the overall
LMFBR fuel recycle program at the Oak Ridge National Laboratory (ORNL),
a more sophisticated facility was proposed for the expanded program.
The new pilot plant was designed in 1972 and put into operation at ORGDP
late in 1974 [35,36]. The new pilot plant was built to be especially
flexible with the necessary analytical capabilities for overall as well
as detailed component analysis. In 1975, it was recognized that unre-
solved waste management problems were detrimental to the continuing
development of commercial LWR fuel cycle facilities. Through an evalua-
tion of available waste management alternatives, specific development
needs were identified as necessary in order for LWR reprocessing plants
to meet applicable environmental requirements. Specifically, effective
and reliable off-gas decontamination equipment was needed for krypton-85,
carbon-14, tritium, and nitrogen oxides [1].

Since there were only minor differences between IMFBR and LWR fluoro-
carbon process applications, a joint LMFBR/ LWR fluorocarbon process
development program was formulated between ORGDP, ORNL, and the Savannah ..

River Laboratory (SRL) to efficiently meet the needs of both reactor
fuel cycles. During this same time, it became obvious that the fluoro-
carbon-based process being developed for krypton-85 removal could also .

be used for effective, simultaneous removal of carbon-14 (as carbon
dioxide) and various nitrogen oxides. Available data also indicated
that the same process might be an effective means for removing iodine,
methyl iodide, and water. Especially important was the assessment of
the process response to quantities of these other contaminants that might
elude upstream off-gas cleanup systems. Consequently, the scope of the
fluorocarbon process development effort was broadened to include further
definition of this general capability of the process for application to
LMFBR and LWR reprocessing plants.

Early in 1977, considerable interest was also expressed in the use of
alternate fuel cycles, such as the one based on thorium, and various
optional reprocessing schemes that would reduce the world-wide opportunity
for plutonium diversion. Consequently, in order to keep the program
responsive to the needs of the expanded fuel cycle effort, the fluoro-
carbon process development program was structured to the newly formed
Advanced Fuel Recycle Program at ORNL and the Alternate Fuel Cycle
Technologies Program at SRL. Radon-222 has been identified as a poten-
tial off-gas problem for the thorium fuel cycle, and therefore, work is
scheduled to verify that the fluorocarbon process will also be an effec-
tive means for removing this fission product.

The fluorocarbon development program is currently divided into four
.

major areas: (1) process development, (2) process application,
(3) solvent chemistry, and (4) reliability analysis. Process development
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is being done at the ORGDP in the pilot facility built specifically to-

study the reprocessing plant application. Process application studies
s are being performed at both ORGDP and ORNL, while the solvent chemistry

work is being performed at ORNL and the University of South Carolina.
De Kaman Sciences Corporation (KSC), Colorado Springs, Colorado, is
performing process reliability analyses. He main objective of the pro-
cess development work is to generate all process technology required to
completely define the fluorocarbon-based process and all associated
peripheral equipment for the reprocessing plant application. Process
application studies are providing design models required for process
optimization and conceptual plant design. This work is identifying flow
sheet options, pointing out the relative effects and importance of
individual process elements and operating conditions on the overall
system function, and will eventually provide efficient demonstration
plant start-up, operating, and shutdown methods and procedures. ne
solvent chemistry effort is establishing and confirming component solu-
bilities, phase relationships, component interactions, and corrosion
characteristics of the fluorocarbon system. % e process reliability
studies.by KSC will evaluate the component and system reliability and
recommend necessary flow sheet redundancy and backup support systems to
ensure a high process on-line efficiency [45]. The overall effort will
culminate in the detailed design and economic evaluation of a demonstra-
tion off-gas decontamination facility applicable to commercial repro-
cessing plants. This is the primary objective of the fluorocarbon-

process development program.

The second generation development facility has been in operation for
nearly three years, and substantial improvements and .nodifications have
been made to the plant equipment and control instrumentation in order to
improve the overall performance, operability, and reliability of the
process. Quantitative performance data are available in separate process
development reports [35,36,37] and ORNL fuel recycle program progress
reports [18-22). De purpose of this report is to present detailed
drawings and descriptions of the development pilot plant as it now
exis ts . Part of the development program is devoted to identifying flow
sheet options and simplifications that might 1 cad to an even more economi-
cal and reliable process. It is important at this time to also briefly
describe two of these alternative flow sheets that have evolved from the
experimental work. This description will identify the general direction
of the process application effort and will show how the process might
finally look for the reprocessing plant application.

SUMMARY

EPA Standard 40 CFR Part 190 mandates that approximately 90% of the fis--
.

sion product krypton produced after 1983 be removed from nuclear process.

off-gas . A corresponding standard for carbon-14 and radon-222 has not
been established but is under EPA study. The selective absorption plant. .

is designed on the basis of removing 99% of the krypton and 99.9% of the
xenon, radon, and carbon from the feed gas. The pilot plant has added
provisions to routinely handle large quantities of other reprocessing

a
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'plant off-gas components including tritiated water, various nitrogen
oxides, various organics, and iodine.

.

The test facility can process a nominal 15 scfm of contaminated gas at
pressures from 100 to 600 psig and temperatures from minus 45 to plus
25'F. A reprocessing plant off-gas simulation station is capable of
mixing a feed gas containing up to 10 components. A solvent recovery
subsystem is provided to reduce the fluorocarbon content of the absorber
off-gas from 8 to 10 mole percent to less than 1 ppm. Present pilot
plant equipment is designed to provide a concentrated gaseous krypton
product for storage in standard high pressure gas cylinders and a solid
carbon-14 product. The design krypton product concentration factor is
10,000 based on a process inlet concentration of 1 to 10 ppm. Low tem-
perature refrigeration equipment is required to enable process operation
at preferred conditions. The pilot plant employs several mechanical
evaporative-type refrigeration systens. While this particular system
is useful for the pilot plant work, an optional " brine" system has been
proposed for the reprocessing plant application.

Process flow sheets based on a combination absorber /fractionator and
combination absorber /fractionator/ stripper have evolved from the pilot
plant work and indicate how the process might be applied to a reprocess-
ing plant. .The remaining development program is laid out in such a way
as to guarantee the timely evolution of the technology consistent with ..

the needs of the overall fuel recycle effort.
. .

.

PROCESS REQUIREhENTS AND DESCRIPTION

Existing and proposed environmental emissions are based, in part, on
available removal technology. As advanced technologies emerge, emission
requirements will probably be altered accordingly, and consequently, what
might be considered an adequate decontamination goal now very well might
not be acceptable in a few years. EPA Standard 40 CFR Part 190 entitled
" Environmental Radiation Protection for Nuclear Power Operations" mandates
that the total quantity of radioactive raterials entering the general
environment from the entire uranium fuel cycle must contain less than
50,000 curies of krypton-85 per gigawatt-year of electrical energy pro-
duced after 1983. Assuming that the total burden of krypton retention
is placed upon the fuel reprocessor, approximately 90% of the reprocess-
ing plant off-gas krypton will have to be removed [10] . The potential
for a long-term impact due to carbon-14 released from fuel cycle opera-
tions was not recognized until recently, and consequently, no emission
standard exists for carbon-14. The EPA, however, has stated that the
development and installation of controls to minimize environmental effects
of carbon-14 is an important objective, and they will carefully follow the

.

development of new knowledge concerning both the impact and controllability
of this radionuclide [10]. Likewise, no specific emission standard has
yet been placed on radon-222.

.

The fluorocarbon process is capable of removing better than 99.9% of the
feed gas krypton and 99.99% of the xenon, carbon (as carbon dioxide),



_ _ _ _ _ _ _ _ _ _ _ _ _ --_ - - - - --

15

and radon. The reference or design operating point of the development
pilot plant is 99% removal of the fission product krypton. Krypton was "

'

chosen as the reference component because it is the least soluble of the-

radioactive off-gas contaminants. Operating the process at conditions
necessary to yield a 99% krypton removal results in a corresponding 99.9%
removal of the off-gas xenon, carbon, and radon.

So far, a preferred storage form or concentration limit has not been
established for the radionuclides. Higher product cancentrations will
result in smaller storage requirements; however, the more concentrated
fission product activity and decay heat must then be taken into considera-
tion. Present pilot plant equipment is designed to produce a concentrated
gaseous krypton product for storage in standard high pressure gas cylinders
and a solid carbon-14 product, e.g., calcium or lithium carbonate, for
storage in metal drums. Other storage methods can be evaluated as they
are identified. The design krypton product concentration factor is
10,000 based on a process i'nlet concentration of 1 to 10 ppm. In order
to achieve the target krypton concentration level, the feed gas carbon
dioxide has to be removed from the noble gas. It is optional at this
point whether or not the argon or fission product xenon is separated from
the krypton. One of the product purification schemes under evaluation
does effect a krypton-xenon separation; while another one yields a
krypton-argon separation. The carbon released from the irradiated fuel

' during shearing and dissolution is joined by atmospheric carbon in the
reprocessing plant in-leakage via various charging ports and air seals.
Consequently, the final purity of the carbon-14 will be established by

*

*

the amount of other carbon present in the reprocessing plant off-gas.
The atmospheric contribution could be sizable and the carbon-14 product
grossly diluted.

As currently planned, the krypton-85/ carbon-14/ radon-222 removal process
will be the final step in an integrated chain of processes designed to
collectively decontaminate reprocessing plant off-gas. The integrity and
reliability of the overall decontamination system will undoubtedly be the
subject of considerable interest. Legitimate concern will obviously be
expressed not so much about how well the off-gas train will function in
normal operation but about the overall consequences of abnormal operation
and the capability of the individual processes to meet the challenges
imposed by irregular or otherwise uncontrolled feed conditions. In this
context, it is imperative to assess what happens in the event that all of
the upstream primary removal equipment fails and large amounts of other
fission products and chemical contaminants inadvertently pass downstream.
For this purpose, the development pilot plant is built to evaluate the
behavior and in-house consequences of large amounts of most other repro-
cessing plant off-gas components, including tritiated water, nitrogen

- oxides, carbon monoxide, methane, iodine, methyl iodide, and TBP.
.

Figure 1 is a schematic of the selective absorption process. The process
serves to remove volatile radioactive contaminants from reprocessing plant
waste gas streams and to subsequently concentrate them, reducing the long-
term radioactive waste storage requirements. Absorption, fractionation,
and stripping steps must be performed in order to accomplish these process
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7 . objectives. .Each separative.~ step exploits .the gas-liquid' solubility
differences that. exist between the solvent and the various feed gas
constituents. :Re' main separation of radioactive components from the). :

bulk gas Lis effected in the absorber. ' ne fractionator| serves to ' remove '
- the coabsorbed carrier gas from the solvent, thereby enriching the

solvent in the more soluble: components. The stripper. removes all
.

,

remaining gas: from the process-solvent and thereby prepares the solvent
for-recycle back to the absorber. ne . absorber consists of only: a packed
column, while the fractionator.and stripper are each composed of 'a
packed column', ;reboiler, and condenser; . In addition, the fractionator-

- equipment also includes a flash ~ drum. Support equipment-items for-the
' basic process include a ~ feed gas heat exchanger, process gas compressor,
solvent pump, solvent cooler, storage tanks, and several refrigeration
compressors. If the feed gas contains significant quantities of high
boiling components, i.e., those components with a vapor pressure less
than refrigerant-12, a solvent purification still is available as 'an
in-line option to prevent these materials from building up in the recircu-
lating solvent. Final product separation and isolation equipment has

.
.

also been added to achieve higher product concentrations. Finally, a
solvent recovery system is necessary to remove solvent vapor from the -
absorber off-gas.

The process feed gas is first compressed to the absorber column operating
pressure and then. cooled to the desired absorption temperature. -Amounts.-

of the- feed gas water, iodine, and nitrogen dioxide will freeze out in
the process gas cooler. The feed gas is then passed into the absorber..

Under favorable operating . conditions as determined by the absorption.

temperature, pressure, and process solvent-to-gas flow rate ratio,
essentially all of the krypton, xenon, and carbon dioxide, plus a sig--
nificant quantity of bulk feed gas is dissolved. Essentially -all remain-
ing water, iodine, and nitrogen dioxide and feed gas methyl iodide will
also be dissolved by the solvent. Typically, the absorber might operate
at a pressure of 100 to 300 psig, temperature near -25*F, and solvent-to-
gas molar flow ratio of 10 to 15. We decontaminated gas leaving the top
offthe~ absorber isMpassed on to the fractionator flash drum. The
fractionator is normally operated at substantially less pressure than I
the absorber, e.g., 35 to 50 psig. A large portion of the less soluble
gas desorbs upon entering the expansion chamber and passes into the over-
head condenser. The loaded solvent containing the remaining gases is
then fed into the top of the fractionator column where it is contacted
with upflowing solvent vapor from the reboiler which desorbs nearly all
of the remaining less soluble dissolved gas. A liquid-to-vapor molar
flow rate ratio of approximately 4 to 6 is required for this step. De
total concentration of gases dissolved in the solvent at the bottom of
the column is generally quite small. Consequently, the fractionator
reboiler is operated essentially at the saturation temperature of the.

,

solvent, which is 52*F for a pressure of 50 psig. Solvent vapor and a-, -

gas mixture consisting predominantly of nitrogen and oxygen pass from
the top of' the column and into the overhead condenser for solvent removal,: ,

veJed,w W M * 9
.

.
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A large fraction of the less soluble absorber feed gases, i.e. , nitrogen
and oxygen, and a lesser fraction of the more soluble gases, i.e., krypton,

'xenon, carbon dioxide, and radon, are liberated from the solvent during -

the fractionation operation. Correspondingly, the remaining dissolved
gas becomes further enriched in the more soluble gases. Since a perfect
cut cannot be achieved and a measurable amount of radioactive gas is
also evolved, the flash unit and column off-gas must be recycled back
to the suction of the process compressor.

The solvent is next routed to the stripper section of the process. By

operating the stripper column under an even lower pressure tnan that
used in the preceding column, e.g.,15 psig, and with a lower liquid-to-
vapor flow ratio, e.g. , 2.5 to 3.0, the remainder of the absorbed gas is
driven from the solvent and withdrawn from the process as a concent ated
gaseous product. A series of physical and chemical traps is available
to remove solvent vapor and subsequently isolate the 4.ndividual radio-
nuclides for s torage. These traps are relatively small because the
product gas flow leaving the top of the stripper varies from less than
0.1 to not more than 1*6 of the process feed gas flow. The primary pro-
cess product flow rate is largely established by the amount of carbon
dioxide introduced into the plant and the temperature of the stripper
condenser.

The less volatile components such as water, iodine, methyl iodide, and '

nitrogen dioxide, if present, will remain in the solvent during the
fractionation and stripping operation and will accumulate in the solvent

~

if not removed. An optional solvent purification still has been added
to the pilot plant to remove these feed gas constituents from the recircu-
ating solvent. The still is not an essential part of the process and

is bypassed when not needed. Normally, the purification step is conducted
at a pressure of 5 to 10 psig. The overhead condenser operates at the
dew point of pure refrigerant-12, i .e., around -10 to 0*F; while the
reboiler operates at the boiling temperature of the particular reboiler
liquid composition being maintained. If, for example, the reboiler con-
tains mostly nitrogen dioxide with only a trace of refrigerant-12, the
reboiler temperature would be between 80 and 90*F. A liquid reflux-to-
distillate flow rate ratio of 0.5 to 1.5 defines the normal operating
range of the pilot plant still. The purified refrigerant flows back to
the primary process solvent storage tank prior to being pt.mped back to

| the absorber for reuse while the still bottoms product is withdrawn into
a waste storage tank .

PILOT PLANT DESIGN

.

Figure 2 shows a photograph of the ORGDP selective absorption pilot plant *

as it was being built. Figure 3 shows an overall view of the same equip-
ment. Figure 4 is a photograph of the completed facility with insulation. -

!
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Figure 5 gives the pilot plant operating flow sheet, showing various gas e

and liquid process flows, monitoring and control instrumentation, and
valve identification. The facility is designed on the basis of handling

#
a nominal 15 scfm of contaminated gas at pressures from 100 to 600 psig
and temperatures from minus 45 to plus 25*F. The process solvent flow
rate can be varied from 0.5 to over 2.5 gpm. A reprocessing plant off-gas
simulation station is provided that is capable of mixing a feed gas con-
taining up to 10 components, including oxygen, argon, nitrogen dioxide,
nitric oxide, nitrous oxide, carbon monoxide, methane, water, iodine, and
methyl iodide, in addition to the noble gases and carbon dioxide. The
solvent recovery subsystem is designed to reduce the fluorocarbon content
of the absorber off-gas from 8 to 10 mole percent to less than 1 ppm.
The solvent purification still has a maximum throughput of approximately
1.5 gpm. This section describes the pilot plant components in detail.

Absorber

The absorber column is 3 inches in diameter and contains 15 feet of stain-
less steel, high efficiency, wire mesh Goodloc* Column Packing. The
absorber column diameter was determined from design equations provided by
the packing manufacturer [16]. Details of the column assembly are given
in figures 18 and 19 of Appendix A. The column is constructed from an
18-foot-long piece of 3-inch-diameter, Schedule 40, 304L stainless steel
pipe. The column is divided into four sections: each of the bottom three ,

*

sections contain three feet of packing while the top section contains 6
feet of packing. Gas sample points cnd thermocouple positions are pro-
vided between packing sections. The calumn is equipped with two solvent ,

feed points that allow operation of either a nine-foot or fifteen-foot
column: the top feed point permits use of the total 15 feet of packing
while the lower one allows the 9-foot column operation. As recommended
by the packing manufacturer [16], subway grating-type packing supports
are employed. These supports consist of 1/8-inch-thick by 1-inch-wide
stainless steel strips welded on 1-inch centers. Solvent leaving the

absorber accumulates in a small reservoir at the bottom of the column.
The level of fluid in this reservoir and, hence, the flow of solvent from

Y Series 408the absorber are monitored and controlled by a Drexelbrook
capacitance probe liquid level control system. The Drexclbrook 700-1-23
capacitance probe has an insertion length of 12 inches and is install '
as shown in figure 18 of Appendix A. Pressure taps are provided at the
column top and bottom to monitor the total and differential pressure Jur-
ing operation. Efficient column operation normally requires a pressure
drop of 0.5 to 1.0 inch of water per foot of column packing.

The absorber column has been approved for a maximum working pressure of
o00 psig at 0 F and was hydrostatically tested at 900 psig.

.

*

* Packed Column Company, Division of Metex Corporation, Edison, New Jersey.

tDrexcibrook Engineering Company, Glenside, Pennsylvcnia.



Q -;.;.'; ;,_,';C 5 |-J;L ; -g.;; ;e D y-
.. .

d

'
Mi _n 1 1 g 4 7;

' h - 3 F$-m

m;;a j dl ,,R. !ag a a_., p
_ ncy

j 4
- 1) [4[h-

, f!J {33 n,f Ia.
g

a +3
ie

w ,12, > i:
9 c ,,

T E- j8 j|.: elp f
' !*''8 '

g
s ' , ' - - - *.

pp.'(f,|g,[pg- {p,g
.

@ f.;.g a ~:! i ,i
j, c L.;. ca

,,
: 1. < o a.

w h
Ep(it

e -- -,

jj, ,
.

oJ]"Ty''; . T"y;
e 4,|c-1 #34- --_-_ t 4|1|;g

-

p$d
; g

'

,,

w|l; f!; __19 + 4v l i'
'

' ' -
1;..a, , e in e

Q b , -[ -)y s*g |"I!1 ip|}U'
|

4 g. *t,

t

-

t '||
-

j'u 9 1 3

!!!|!j;i [ rirps ; 5 g g y !

''g4 .i W4 $_____J |||(s|j:;? ;t Ji
at. 'p --- - , ; - - l'I i ... , yg ; 3

'

til Y5 b - ^[" *
i9. _ - "#

|
62 1} mR

6 m
' * =*

4 .y , d; % _;;;-:a. ,p g>],a ;|[: iu

3~ ;jb + 1-- . 1 . _ _ - . - ~ .*_ .4.a.~ t_ , s
i ;

!pp. ., k ' d;
'

) L...
.,

*nny ! !J+-i.y!? _---.9 ug a 3,.

'f Na *
__

,.t|'j(@'j
'

r* I *f ! r
'

4 gg .A, ,,
'

l
, .

f zq. - g, ,v
.-- -__ , ,

N;mnmt w ,s

d| '1 ai r =; , ,k8.rmm.,ama | !,h iIi :

mm uu, ,,i i jj. ,

j! $ . = I| if'}

f l$,i it!1
i'

l,

!{!dibflh.&bl!EHi!! N!!
'

'

*

'
.



. . . . . . _ . .
.

. . . .

. .
.

. . . . . . .o

24

.

Fractionator

The fractionator consists of a flash drum, packed column, rebo11er, and
4 ,

The fractionator coluss is 3 inches in diameter and similarcondenser.
in construction to that used for the absorMr except that each of the
three packed column sections contains 2.5 eet of Goodlos packing for a

Figures 20 and 21 in Appendix A give
total packed height of 7.5 feet.The fractionator rebc,11er connects directly to thethe column details.
bottom of the column, while the overhead condenser is set off to the side -
and is joined by a 90-degree elbow. The condenser offset allows externalN condenser isutlection and sampling of the overhead condensate.
mounted 10 degrees to the horizontal.

The fractionator reboiler is 14 inches in diameter and approxiestely 4
Rebo11er details are given in figures 22 and 23 of

feet long overall.De reboller shelt mas rolled from 0.5-inch-thick 304L stain-Appendix A. Internal heating is provided with a Chromalox' Modelless steel sheet. The heater isTMI-1218318-kW immersion heater with incaloy sheath.
flanged through one end of the reboller shell with 6-inch, 300-pound

The design load on the reboiler is 5 kW, giving the heater aflanges. The heater 17surface heat flux of less than 10 watts per square inch.
controlled by a Loyolat LPAC-3 series, 48G-volt, three-phase multipurpose
SCR (silicon controlled rectifier) power contro!!st with current and

The rebo11er control variable is the column differential
,

power limiters. Jilgh temperature protection is provided by a Chromaloxpressure drop. The liquid level is monitored andModel LFB7-7 indicating thermostat.
maintained 4 inches above the heater bundle by a Drexelbrook capacitanceThe -

probe liquid level contiol system like that used with the absorber.
insertion length of the probe is 12 inches. ,

The fractionator overhead condenser is a shell-and-tube-type heat exchanger ',
.

Thewith process gas in the shell and boiling refrigerant-22 in the tubes.
condenser was designed on the basis of a total condensing duty of 17,000
Btu /hr and overall condensing coefficient of 25 Stu/hr-sq ft.'F. The con--

Details of the con- -

g
denser shell side surface area is 23 square feet.
denser design are given in figures 24 and 25. De shett is constructed .

.

from 6-irich, Schedule 10, 304L stainless steel pipe and contains twelve
1-inch 304L stainless steel tubes. In order to promote better mixing, the

At most,tubes are filled with 5/6-inch, 316 stainless steel Pa!! Rings.
only a small portion of the available condensing surface is needed under
" normal" operation since the fractionat9r is routinely fed subcooled 11guld "

relative to the boiling point of the solvent at the prevat!!ng fractions.
Consequently, the bulk of the upflowing reboller vapor istion pressure.

*Edwin L. Wiegand Division. Emerson Electric Company, Pittsburgh,
Pennsylvania.

i oyola Industries, Division of Astrophysics Research Corporation HarborL
City, California.

,

*
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condensed at some internal column point. While this method of operation"

is unorthodox, it offers substantial operational advantages [22,38]. All' '
'

or half of the condenser can therefore be removed from service by simply
valving out one or both of the refrigerant feed lines.

'__ The fractionator flash drum, shown in figures 20 and 21,is a 6-inch-
diameter stainless steel cyclone, approximately 30 inches high and equipped

- with a tangential inlet, a liquid drain, a vapor discharge pipe, and a mist
-

shield. The expanded bottom section of the unit serves as the fractionator
- column liquid feed tank.

k. The fractionator, including the flash unit, packed column, reboiler, con-
. denser, and all interconnecting piping, has been approved for a maximum

--

working pressure of 350 psig at O'F and was hydrostatically tested at 525
psig.-

~T Stripper

-
The stripper consists of a packed column, reboiler, primary condenser, and
final condenser. Except for size, the design of the stripper is similar"'
to that of the fractionator. The stripper packed column is fabricated from-"

a 6-inch, Schedule 10, 304L stainless steel pipe and contains three packed
?F sections, each containing 4 feet of Goodloe packing, for a total packed,

'

height of 12 feet. Column assembly and details are given in figure 26 of
_ Appendix A. Like the absorber and fractionator, the stripper column also'

, contains provisions for pulling internal column gas samples.
-

-

Subway grating packing supports are used in each section. A good liquid
feed distributor is an important part of every packed coiurn regardless of

=FC the packing type and especially for columns with diameters of 6 inches or
>F larger. The stripper column liquid distributor consists of a feed ring-""-

welded to a 1-inch feed header. The ring and header are drilled so as to
spray liquid uniformly over the top packing surface. With the wire mesh

j_

f packing installed properly, liquid redistribution between packing sections'._ is not essential but included anyway to guarantee packing efficiency.
l

-

The stripper reboiler is constructed just like that of the fractionator
>

except that the stripper unit is 18 inches in diameter and nearly 5 feet
long overall. Reboiler assembly and details are given in figures 22 and

_ 23. A Chromalox Model TMI-18403 40 kW immersion heater is used to supplyheat. When maintained at 20 to 25 kilowatts, this high surface area heater
_ has a low heat flux of around 10 watts per square inch. This heater is*

also fed from an SCR power controller and is likewise protected from over-
L heating with a Chromalox Model LFB7-7 indicating thermostat. In this case,

the reboiler control variable is the column operating pressure. A Drexel-
brook capacitance probe liquid level control system is also employed.

-

,

' ~ The stripper overhead condenser system consists of two shell and tube heat
exchangers. Both are mounted 5 degrees to the horizontal. As shown in._

figure 4, the final condenser is located directly above the primary unit,__

.
which in turn, sets off to the side of the stripper column similar to that,

M

k
.___

m.

m- I ' -

. . .
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of the fractionator. The primary condenser is cooled with boiling
refrigerant-22 on the tube side and the final condenser is cooled with

-

lower temperature boiling refrigerant-502. The primary condenser was
designed on the basis of a condensing duty of 77,600 Btu /hr and overall
condensing coefficient of 50 Btu /hr-sq ft *F. The condenser shell side
surface area is 52 square feet. The design of the condenser is detailed
in figures 27, 28, and 29. The shell is constructed from 10-inch, Schedule
40, 304L stainless steel pipe and contains thirty-two 1-inch 304L stainless
steel tubes. The tube sheet is fabricated from 1-inch-thick 304L stainless
sheet. Like the fractionator condenser, the tubes are also filled with
5/8-inch stainless steel Pall Rings to ensure better tube-side turbulence.
The primary condenser is fed from the stripper column through a 6-inch-
diameter side inlet. Condenser condensate is first mixed with fresh feed
from the fractionator in a 3-ring mixing chamber on the bottom side of the
condenser before being refluxed back to the stripper column. The final

condenser was designed on the basis of a condensing duty of 10,000 Btu /hr
and overall condensing coefficient of 50 Btu /hr-sq ft *F. The condenser
shell side surface area is 15.7 square feet. Design details are given in
figures 30 and 31. The shell is constructed from a 4-inch, Schedule 10,
304L stainless steel pipe and contains fourteen 5/8-inch 304L stainless
steel tubes.

The stripper assembly is approved for a maximum working pressure of 350 ,
~

psig at 0*F and was hydrostatically tested at 525 psig.
*

Solvent Purification Still .

The solvent stil' is built very similar to the stripper and fractionator
sections of the plant but, because of the different process piping,
operates fundamentally differently: purified solvent is taken from the con-
denser while solvent impurities are withdrawn from the reboiler. Initially,

quantitative recovery of the high boiling feed gas components was not pur-
sued. Rather, the solvent purification still was designed and built to
remove only the bulk amount of these components from the circulating sol-
vent (7]. Daring the past year, however, it became evident that the
fluorocarbon process designea for krypton and carbon recovery could act as
a valuabic backup system to remove other fission products such as iodine

|
and tritiated water and c' .mical contaminants such as nitrogen dioxide
simply by modifying the existing solvent purification equipment to include
a rectifying section with automatic reflux control [36]. This work was

,

| subsequently performed. A schematic of the modified still and operating
'

flow sheet :a given in figure 5. Overall, the control instrumentation of
the solvent still is more compicx than that required for any of the other
sections.

The still column is constructed from a 10-inch, Schedule 10, 304L stainless
steel pipe. The column packing is divided into an 8-foot bottom stripping
section and a 4-foot top enriching section for a total packed height of 12
feet. Consistent with the rest of the mass transfer equipment, this column - '

is also filled with Goodloc high efficiency wire mesh packing. The column
assembly and details are shown in figure 32. Liquid distribution within
the still column is accomplished with a feed and reflux ring drilled so as

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _
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to spray liquid uniformly over the top surface of each packed section.
sThe packing is supported by subway-type grating constructed out of 1/4-

inch-thick by 1-inch-wide 304L stainless steel bar strips. This type of.

support promotes-better gas distribution.

As shown in figure 33, the still reboiler is 10 inches in diameter and
approximately 4 feet long. The reboiler is equipped with a Chromalox Model
TMI-12303 30 kW immersion heater with Incaloy sheathing. Also regulated by
a Loyola silicon-controlled rectifier (SCR) power controller, the heater
can supply a surface heat flux of up to 22 watts per square inch. ' The
system is protected from overheating with a Chromalox Model LFB7-7 adjust-
able differential temperature control. Reboiler liquid level control is
achieved utilizing a Drexe1 brook capacitance probe.

The overhead condenser is a shell and tube heat exchanger mounted 5 degrees
to the horizontal. Cooling is provided on the tube side by boiling
refrigerant-22. The condenser was designed on the basis of a condensing
duty of 85,250 Btu /hr and an overall condensing coefficient of 30 Btu /hr-
sq ft *F. The condenser shell side surface area is 52 square feet. Con-
struction details, as shown in figure 34, are very similar to that of the
stripper p.rimary condenser.

The solvent still assembly and all interconnecting piping have been approved*

for a maximum working pressure of 150 psig at 0*F and was hydrostatically-

tested at 225 psig.
.

Primary Process Auxiliaries -

-

Certain support equipment items are a necessary part of the primary pilot
plant to allow the process function. Included in this list is a process
gas compressor, solvent pump, gas and liquid heat exchangers, and several
storage and surge tanks.

Process Gas Compressor. A Pressure Products * diaphragm compressor system
is used to compress the process gas to the operating pressure of the
absorber. This package consists of two single-stage diapnragm compressors
mounted on a common base and all necessary interstage and afterstage piping
and heat exchange equipment. Figure 6 is a photograph of the system. The
first stage compressor is a PPI Model 5235. This unit is powered by a
20-hp electric motor and is capable of compressing a nominal 20 scfm of air
from atmospheric pressure to 135 psia. The second-stage compressor is a
PPI Model 3120. This compressor is powered by a 10-hp motor and is designed
to pickup a nominal 20 scfm of air at 110 psig and discharge it at a pres-
sure as high as 575 psig. Both compressors incorporate a triple diaphragm

-
.

.

. .

* Pressure Products Industries, Division of the Duriron Company, Incorpo-
rated, Hatboro, Pennsylvania.
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construction with an integral diaphragm leak detection circuit. As can*
.

be seen in figure 6, the compressor heads are bolted to their respective
main frame and all process pipes are provided with unions to facilitate,

*

casy replacement of the compressor diaphragms. All surfaces in contact
with the process gases, including diaphragms, are 300 series stainless
steel except for nonmetal seals. These gaskets are fabricated from
Teflon and Viton A.

The compressor final discharge pressure is regulated / controlled by an
automatic gas recycle circuit that is shown on the operating flow sheet,
figure 5, and the pilot plant piping drawing, figure 16. The flow from
the compressor to the absorber is set manually by throttling a needle
valve in the absorber feed gas line. Both compressor heads and interstage/
afterstage heat exchangers are water-cooled. A Brooks * Model 1305-6221
flow alarm rotameter is mounted on the water supply to warn of an
inadequate water flow.

Solvent Pump. Three solvent pumps have been used in the course of the
development work. The first two were packless, diaphragm-type, positive
displacement, controlled volume pumps with hydraulic linkage between drive
ar.d diaphragm. Inherent intermediate hydraulic problems encountered at
the lower temperature operation necessitated the eventual installation of
a Corkeni Model F9-101 CORO-FLO regenerative pump. The impeller is the
only moving part of this type of pump but a mechanical shaft seal is needed.

'

tc isolate the process fluid. The unit is powered by an externally coupled
3-hp electric motor and has a discharge capacity in excess of 4 gpm at a,

.
_ maximum differential pressure of 150 psi. Two or more pumps are needed in

series to obtain a higher differential pressure. An external pressure and
flow control circuit was installed on the pump discharge for precise meter-

-- ing of the process solvent. A mechanical, automatic-priming and differen-
tial relief valve is provided in a parallel recycle line to aid in start-up
and provide extra running protection.

Feed Gas lleat Exchanger. The feed gas heat exchanger is a standard design,
singic pass, shell-and-tube-type contactor constructed entirely out of 304L
stainless steel. Details of the unit are given in figure 35 of Appendix A.
The shell is fabricated from a nominal 6-inc. Schedule 40 pipe. The tool-
ing/ condensing surface consists of four 10-foot sections of 3/4-inch
0. D. Brown ** fintube with sixteen 1/2-inch-high longitudinal fins. The
tubes have an external surface area of 1.529 ft /ft of lineal length, or a2

total heat transfer surface area of 61 square feet. The heat exchanger is
designed on the basis of a heat duty of 1700 Btu /hr and an overall heat

_

* Brooks Instrument Division, Emerson Electric Company,llatfield,
-

Pennsylvania.

t orken Pump Company, Oklahoma City, Oklahoma.
-

C

** Brown Fintube Company, Tulsa, Oklahoma.

.
_ _
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' transfer coefficient. of ~ 0.79 ' Btu /hr-sq ft *F. Four'shell baffles are -

placed roughly.27. inches apart to assure intimate contacting of the process
~

gas with the extended cold surfaces. The complete assembly is mounted-
2-1/2. degrecs from.the horizontal to facilitate drainage of any condensed'
-liquid into a collection pot. Details of the collection pot are given in
figure 36. .This container .is also fabricated -from' a section of nominal
6-inch. Schedule 40 stainless steel pipe.- The condensate level is-
monitored and controlled by a capacitance probe system similar to that

-described earlier.' Equally spaced skin-thermocouples have been placed one
foot apart on the top of the cooler to measure the temperature profile d'r-u

ing operation. Internal thermocouples have been installed in the feed and
-discharge' lines to obtain process gas temperatures.

The feed gas heat exchanger has been approved for a maximum wo* king pres-
sure of 600 psig at -25*F and was hydrostatically tested at 90) psig
.before usa.

Solvent IIcat Exchanger. The solvent heat exchanger is a standard design
shell-and-tube-type heat exchanger with floating head. Construction details
are given in figure 37. This unit was designed on the basis of a 10,000
Btu /hr cooling duty and has a cooling surface of 13.5 square feet. The
shell is constructed from a 7-foot-long piece of 4-inch, Schedule 10, 304L
stainless steel tubes. The actual shell side surface area is 15.7 square
feet. Shell baffles are provided to direct fluid flow. Cooling is ,

achieved by expansion and superheat.of refrigerant-22 in the exchanger
tubes. .

The solvent heat exchanger has a maximum working pressure of 350 psig and
was hydrostatically tested to 525 psig.

-Solvent Storage Tank. The solvent storage tank is constructed from a 1/2-
inch-thick 304 stainless steel plate rolled and seam welded to the dimen-
sions of a 16-inch Schedule 40 pipe. The rolled section is 4 feet long
and is capped with 1/2-inch-thick 304L stainless steci pipe heads, result-
ing in a storage volume of 6 cubic feet. Details of the tank construction
are given in figures 38 and 39. The tank stands vertically and has an over-

all height of 6.3 feet, including floor supports. The design cooling load
on the coil is 5,000 Btu /hr. Based on an overall heat transfer coefficient
of 50 Btu /hr-sq ft *F, the required external surface area is 5 square feet.
The level of solvent, hence the tank inventory, is monitored by a Drexcl-
brook Model 409 precision level indicator using a Drexelbrook 700-1-23
capacitance probe. The probe is Teflon-coated and has an insertion length
of 4 feet. The solvent tank is also provided with a Strahman* Model SVT-
4LCF frost-proof liquid level gaugc This gauge provides means for visual
inspection of the liquid solvent.

.
-

.

. .-

*Strahman Valves, Inc., Florham Park, New Jersey.
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.' The solvent tank has been approved for a maximum operating pressure of
350 psig at 0*F and was hydrostatically tested to 525 psig.

. Miscellaneous. Three gas storage tanks are provided to give the pilot
plant needed feed gas surge and storage capacity. One tank is part of

the feed gas supply; one is installed in the suction line of the gas com-
pressor; and the third is used at the compressor discharge. Figure 40 in

Appendix A presents the details of these vessels. All are fabricated from
304L stainless steel. The pressure of each tank is monitored by both a
locally mounted mechanical pressure gage and an electronic pressure trans-
mitter that outputs to a panel-mounted recorder. The compressor suction
tank has a pressure alarm to warn of low suction pressure, while all tanks
are fitted with high pressure relief valves that connect to an outside vent
system.

The pilot plant employs a number of different types and sizes of valves.
Jamesbury* No. A33-TT 1/4, 1/2,1, and 1-1/2 inch ball valves for liquid
nitrogen service are used for process block valves. This particular valve
has a MOP of 2000 psig and is constructed from stainless steel and has
Teflon seats and seals. Iloket 3200 Series, No. 3252F25 and 3252F45 minia-
ture forged stainless steel needle valves and Nupros No. SS-4BK and SS-4BMG
stainless steel bellows realed valves are used on gas and liquid sample
lines. Kunkle** Model 53 pressure relief valves with separate rupture disc
cartridges are used throughout the plant to protect process equipment from..
overpressure. All pressure relief valves connect to an outside building
vent system. With one exception, bellows scaled flow control valves ate

.

. used exclusively to maintain desired system flows. Each valve has a 1/4-
or 1/2-inch forged type 304 stainless steel body, 304 stainless trim, and
300 series stainless steel bellows. Precision Productsit control valves
equipped with type 73 bottom 1 cad, air-to-oper., fail-closed positioners are
used on the gas circuits while Dover 35 Uniflow Series control valves
equipped with conventional air-to-open topworks without positioner are used
to maintain intercolumn co1 vent flow. A sliding gate Jordan *** control
valve has been installed in parallel to the absorbec primary liquid level
control valve as a backup or reliability measure to ensure continued opera-
tion in case the primary valve should become plugged with ice or any other
solid material.

*Jamesbury Corporation, Worcester, Massachusetts.
+ Hoke, Inc., Cresskill, New Jersey.
ENuclear Products Company, Cleveland Ohio.

* **Kunkle Valve Company, Inc., Fort Wayne, Indiana.
tt recision Products Division, Badger Meter, Inc., Tulsa, Oklahoma.P

.
~

55 orris Division, Dover Corporation, llouston, Texas.N

*** Jordan Valve, Cincinnati, Ohio.
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All process equipment operated below ambient temperature is insulated -

with 3-inch-thick urethane rigid-foam insulation. Interconnecting pipe
and refrigeration lines support 2 inches of urethane insulation. The heat
conductivity of this material is near 0.019 Btu /hr-ft *F. Ileat loss cal-

*

culations show that expected ambient heat effects on the pilot plant are
negligible compared to overall equipment heat loads.

Product Purification Equipment

The purpose of the product purification subsystem is to remove the
accompanying solvent vapor and amounts of various nonradioactive diluent
gases such as xenon, oxygen, argon, and nitrogen from the stripper off-gas
and thereby isolate and further concentrate the captured krypton-85, carbon-
14, and radon-222 in a yet smaller volume for long term storage. This
equipment, as shown in figure 5, is located in the stripper off-gas line
prior to the process radioactive product collection point. Several schemes
incorporating a number of distinct separation and isolation steps are being
investigated to identify the relative effects and advantages of the avail-
able options. With only a 13X molecular sieve trap to remove the solvent
vapor, Kr-85 product concentration factors between 1,000 and 5,000 are
obtainable unless large quantities of carbon dioxide are present in the
system. In addition, by use of chemical traps for carbon dioxide, oxygen,
and nitrogen fixation Kr-85 concentration factors approaching 10,000 can
be expected. If a krypton / xenon separation step is also performed, concen-
tration factors in excess of 10,000 are possible. The final choice of *

product purification equipment, of course, will have to be made on the
basis of a cost-benefit analysis.

,

Figure 41 is a schematic of the pilot plant product purification subsystem
designed to produce a relatively pure krypton-argon product, aCl4C03 Pro-
duct, and a xenon product. Figure 7 is a photograph of the equipment as
it was being built. The stripper off-gas is first passed into a 13X
molecular sieve trap for solvent recovery and then into a batch cold trap
maintained at -250*F where all condensable and desublimable components
such as carbon dioxide, nitrous oxide, xenon, and water are removed. The
remaining gas composed of krypton, argon, oxygen and nitrogen is then passed
into a heated copper or manganese oxide trap for oxygen removal and, final-
ly, into a heated titanium or calcium metal trap for nitrogen removal. The
resulting product composed of mainly argon and krypton is then pumped into
a high pressure gas cylinder for storage. Once the cold trap is loaded, it
is valved out of the flow circuit and heated. The desorbed gas is then
passed into a 4A molecular sieve trap for carbon dioxide and nitrous oxide
removal or hydrated lime reactor for carbon dioxide fixation. In this case
the resulting gaseous product will be relatively pure xenon. If radon is
present in the feed gas, it will be co11ceted with the xenon. Alternative-
ly, if the cold trap is maintained at -275 F, the krypton can be collected
with the xenon instead of with the argon.

A schematic of the pilot plant desub1;mer is shown in figure 42 with neccs-
sary monitoring and control instrumentation described in table II of
Appendix B. Figure 43 is an assembly, detail, and section drawing of the
unit. The theory of desublimation is not commonly discussed in unit

_ _ _ _ . _ ___ .. . . .
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operation textbebks but a comprehensive treatment is given'in another
* : ,-

.

ORGDP report !Sl. An analysis of the pilot plant cold trap will soon be r'
available in a program document [9]. Basice.11y, the co?d trap is a single ,,

The aholl is fabricated from a .pass shell-and-tabe-type heat exchanger.
nominal 2-inch, Schedule 80, 304L stainless steel pipe. A single 3/4-inch //
0.D. Brown fintube with sixteen 1/2-inch-hjgtylongitudinal fins provides
the cooling surface. Boiling liquid nitrogen inside 'the tube provides the

The trap is equdped with internal thermor>uples __

required low temperature.
every 6 inches along the length of the shell.

,)
' ' ,

Reactivemetaltrapsarewidelyusedin| industry'toremovfoxygenand j

nitrogen from various inert gases [11,14]. The oxygen trap is fabricated ,

from a nominal 3-inch, Schedule 40, 316 stainless steel pipe, 45 inchas q
ThisBoth onds are fitted with a 150-pound stainless steel flange. m

long.
trap is located in a 7500-watt HEVI DUTY * clectric furnace fitted with, a
Lindberg',Model 59554 temperature controller. A hydrosen regeneratiorfloop
is provided to treat the spent copper metal. The nitrogen trap is fabri-

-

4
cated from a nominal 1-inch, Schedule 40, 316 stainless sJec1 pipe, 50 j

.

s

inches long. This trap is located in a 3900-watt, Lin'dberg Model 54371 4

muffic fitted with a Lindberg Model 59544 temperature coatroller. Both 9
"

reactive metal traps have been hydrostatically tested at 100 psig and are ,

'

)
approved for'a maximum working pressure of 67 psig.

?.

The design pf the 13X molecular sieve trap for refrigerarp-12 removal Is'' f .,
*

identical to that used for oxygen removal except the 15X trap is only 36
'

inchen long. It,is necessary to water-cool the molecular, sieve bed because j,
.of the 1r rge heat of adsorpti an. Removaltestsusin/afeed.gasstream -

containing N mole perce7t R-12 have shown that loadings neve 0.3 lb R-12/ '--

obtainablelb sien, 'and an effluent conc'entration of less than i ppm are'j r

#
-'

using 13X molecular sieves [3r]. ,

'

h
~

Solvent Recovery Traps > /

,/ -
<

,

Ref tiserant-12 has an appreciaHe.vapar pressure at the temperature of the
abseroer and, cor.sequently, the precess oC-gas normally .contains a signif- .

icant amount of process solvent. The '.ou o'/ solvent te Ithe atmosphere is -

,

Inobjectionable in a r. umber of ways and car.rtot ' generally be tolerated.
any event, development of an effective and' economic.,41 solvent recovery sub-
system is an important part of the overall fluorocirbon process development

A fluorocarbon discharge 1ctel of 1 ppm or less was established
| program.

arbitrarily as an acceptabic performance st ~-ndard for evaluating variou's
recovery methods. Two recovery schemes are beinF considered here: low

In order for a solventtemperrpure condensation and physical adsorptioni
.

condenser to be effective, it would have to be operated at a temperature
below -240 F in orde" to meet the 1 ppm off-gas specification.' Cooling

*
-

could be achieved with liquid nitrogen. -

t
.

i ,
(4*

/
-

.

- ,-

_

-_.7
*Lindberg, Divis .on of Sola Basic Industries, Watertown Wis:onsin.i
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.' Alternatively, and perhaps more appealing, the absorber energy of compres-
sion could be utilized via an expansion turbine. Devices are currently
available tha+. permit the expansion-cooling operation on condensing streams.,

directly, without the use of an intermediate condenser *. Pilot plant test-
ing of an expansion turbine is not planned because it is felt that the
technology is well defined and equipment is commercially availabic.
Regenerable solid sorbents are widely used in the chemical industry to
recover valuable solvent vapors and clean up various off gas streams.
Activated carbon is known to be an effective absorbent for many organic
vapors, including refrigerant-12 but is excluded from this application
because of the possibility of contact with nitrogen dioxide. Other
materials, such as silica gel, molecular sieves, and alumina, hold promise.

In order to evaluate the various sorbent materials for removing refrigerant-
12 from the process off-gas, a sorption system was built and installed on
the absorber off-gas line. The traps are designed to accommodate many dif-
ferent types of materials and have several regeneration options. Pressure
swing, steam, forced air heating, and vacuum regenerating capabilities are
provided A flow schematic of this equipment is given in figure 44. Each
trap is constructed from a 4-foot piece of 3-inch, Schedule 40, stainless
steel pipe and is flanged to facilitate adsorbent removal. Stainless steel
wire screen backed with 1/8-inch-thick perforated stainless steel sheet is
used for bed supports. A Miran II infrared analyzert provides in-line
analytical capability through inlet and outlet gas sample taps located on,-

each trap. Separate adsorbent trap temperature, pressure, or flow control
instrumentation is not necessary for the tray operation because these.

- parameters are established according to the co.idicions of the absorber.
Some separate controls are necessary for the regeneration cycle, however,
but must be specified according to the requirements of the particular
adsorbent.

Feed Gas Preparation

The feed gas preparation station consists primarily of precision gas flow
metering and monitoring instrumentar% llastings3 thermal mass flow con-
trollers are used to maintain desiv .'ividual feed gas component flows.
Each flow control point consists of a u ;ings Model FC-IP flow controller
with a b'odel MV-10 motorized valve. Tne valve is constructed of 316
stainless steel with Teflon packing. Each component flow is displayed on
a digital indicator. Two Cole-Parmer** Model 1061 constant temperature
c1cetrically heated water baths are used to volatilize high boiling com-
ponents such as iodine and nitrogen dioxide and a metered nitrogen

-
.

*

*Rotoflow Corporation, Los Angeles, California.
. .

tWilks Scientific Corporation, South Norwalk, Connecticut.
0Teledyne flastings-Raydist, llampton, Virginia.

** Cole-Parmer, Chicago, Illinois.

,
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'entrainment flow is employed to transport the volatilized gas from their .

respective storage cylinders to one of several pilot plant gas feed points.
Water may be introduced into the system by means of a Cole-Parmer Model .

*

7606 Ilot Shot electric steam generator or by bubbling a nitrogen pickup
flow through a water saturator.

Instrumentation and Control

In order to evaluate process components, it is absolutely essential that
tight process control be achievable so that the various parametric depen-
dencies can be accurately determined. Consequently, a considerable effort
has been spent developing the pilot plant control capability. Sufficient

control is now available to make the pilot plant operation essentially
automatic with little or no operator attention except during startup. The
remaining step at this time is conversion of the operation to computer
control. The pilot plant instrumentation and various control schemes are
shown in figure 5, with a description of the individual components given
in Appendix B, table I. Figure 8 is a photograph of the pilot plant con-
trol panel.

All process pressures are controlled with Taylor * 1300 series electronic
differential pressure transmitters and indicating controllers. In most

t Modelinstances, the output signal from the controller is fed to a Moore
77-16 I/P transducer which in turn actuates either a pneumatic-operated .,

gas flow control valve or, in the case of the solvent still, a refrigera-
tion evaporation gressure control element. The stripper pressure, on the ,

other hand, is maintained by a Loyola SCR power controller which, in turn, .

establishes the reboiler heat load. In order to have the necessary pres-
sure control ficxibility and sensitivity, the low side of each differential

pressure transmitter is coupled to a variable pressure datum system. The
referenceprgssureissetandmaintainedforeachindividualtransmitterwith a Grove Model 15L pressure reducing and relief regulator which is
fed from a common bottled gas supply header. Individual datum pressures
are indicated on locally mounted precision mechanical pressure gauges.
Pressure drops across column packing are monitored with low range Taylor
differential pressure transmitters. On two of the columns, the pressure
drop signal is sent only to a recorder. Ilowever, the pressure drop signal
of the fractionator is used to control the reboiler heat input, while that
of the stripper is used to control the overhead condenser refrigeration
load. The fractionator differential pressure control loop is a key con-
trol point for optimum process operations.

Liquid 1cvel control is accomplished in all cases with a Drexe1 brook liquid
level monitoring system as previously described. A Model 770-1-23

.

.

j * Taylor Instrument, Process Control Division, Sybron Corp., Rochester, New
,

York.

t oore Products Company, Spring flouse, Pennsylvania.M

0 Grove Valve and Regulator Company, Oakland, California.

,
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.

capacitance probe is coupled with a Model 408-1000 transmitter that out-
puts a 4-20 mA signal to a Taylor controller. In most cases, the con-

troller sends out a control signal to an I/P transducer which, in turn, c
operates a corresponding liquid flow control valve. The only exception
to this scheme is the solvent still reboiler liquid level control scheme
which sends the controller signal to a Loyola SCR power controller that
maintains the still heat.

Thermal mass flow meters are used to monitor process gas flows. This type
of flow meter is affected by fluid temperature and pressure only as the
heat capacity of the process gas is dependent upon these parameters,
llastings* Model AllL-25 flow meters with panel readouts measure gas flow to
the process, gas flow to the absorber, and gas flow leaving the absorber.
Each of these instruments utilizes a Monel laminar flow cell and has a
flow range of 0-25 scfm. A llastings Model AllL-10PG flow meter with a
range of 0-10 scfm is used to measure gas flow from the fractionator.
Ilastings Models ALL-5KPG and ALL-50KPG are used in a parallel arrangement
to measure either low or high flow rates from the stripper. These instru-
ments have a range of 0-5,000 seem and 0-50,000 scem, respectively.

tThe process solvent flow to the absorber is contrelled using a Brooks
Model 3623/552211 transmitting flow meter and an indicating controller
coupled to an I/P transducer and a liquid control valve located in the sol-
vent pump discharge line as shown in the process opereting flow sheet, -

figure 5. The process solvent flow rate is recorded on a Leeds and
5 Speedomax W/L recorder. The flow control system also includes aNorthrup

pressure control loop with integral pump discharge recycle valve. The -

system for centro 11ing the solvent still product and reflux flow is some-
what more complen llere, it is necessary to split out a specific fraction
of the still condenser distillate stream for column reflux. The distillate
and reflux flow rates are measured either by separate Brooks transmitting
flow meters or by Wallace and Tiernan** glass-tube-type rotameters. The
two transmitting flow meter signals feed into a Taylor series 1330 multi-
plier-divider network which calculates the operating reflux-to-distillate
flow rate ratio. This ratio is used in a liquid flow control loop to
maintain a specified still reflux rate relative to a given distillate flow.
Each of the three Brooks liquid flow meters has a 0-2.5 gpm flow rate range
and is anproved for operating pressures as high as 600 psig. The solvent

,

still bottoms product is withdrawn according to the temperature of the
reboiler liquid. A Taylor series 1022 E/I thermocouple transducer is used
to provide the liquid valve control loop signal.

*Teledyne flastings-Raydist, llampton, Virginia.
t rooks Instrument Division, Emerson Electric Company, flatfield, Pennsylvania -

B

6 eeds and Northrup Company, North Wales, Pennsylvania.L

**Wallste and Tiernan, Inc., Industrial Products Div., Belleville, New Jersey.

, .
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'

Reboller heat loads are measured to within 0,1 percent of full scale using'

Westinghouse * type PXA-10 potential transformers and type CTM-5 current
, transformers and a Scientific Columbust Digilogic Model Number DL31K5-A2

watt transducer. Each watt transducbr outputs a proportional 0-10 volt
a

de signal to a panel mounted Digitec Model 2780-03 digital de voltmeter. --

Copper-constantan thermocouples are used throughout the pilot plant to
'

;
measure process temperatures. Relative placement of thermocouples is
shown on the operating flow sheet, figure 5. Temperatures are recorded
on three Kaye** Digistrip digital recorders and two L 6 Ntt Speedomax
W/L recorders. Similar Kaye digital voltmeter recorders are utilized to
record various system pressures, gas and liquid flow rates, and reboiler
heat loads. These recorders provide hard copies of important process
parameters on a selectable time laterval.

;

PROCESS REFRIGERATION

Low temperature refrigeration equipment is required to enable process opera-
tion at preferred conditions. The pilot plant employs several mechanical
evaporative-type refrigeration systems capable of delivering a total of
approximately 2 2 tons of cooling at minus 40*F. This particular arrange- -

ment has proven acceptable for the pilot plant work but the overall long- --

term reliability is questionable for the reprocessing plant application.
*

where part or all of the heat exchangers or~ other parts of the refrigeration
circuit might be located in a remote or semiremote maintenance area. For "

,

this reason, a recirculating " brine" refrigeration system is being con-,

sidered for pilot plant evaluation and will probably be rt ,mmended for use
in a demonstration facility.

Evaporative-Type Refrigeration System

A schematic of the existing pilot plant refrigeration system is shown in
figure 45 along with a tabulation of all pilot plant refrigeration expan-
sion valves, heat exchanger backpressure regulators, and other refrigera- .-

tion parts. Expansion valves and pressure regulators are essential
refrigeration control elements [2]. The function of the expansion valve
is to keep the particular evaporator nearly full of liquid refrigerant ~

without, at the same time, allowing liquid to return back to the compressor.
Too little refrigerant flow will reduce the heat exchanger capacity. On
the other hand, compressor damage can result if liquid refrigerant is
allowed to flow back to the compressor in the vapor return line. The expan- -

sion valves have to be approximately sized for the particular heat load and
delivery temperature range. Sporlan55 refrigeration expansion valves are

.
~

* Westinghouse Electric Corp. , Pittsburg, Pennsylvania.
IScientific Columbus, Inc. , Div. of Esterline Corp. , Columbus, Ohio. _

'
- EUnited Systems Corporation, Subsidiary of Monsanto, Dayton, Ohio.-

**Kaye Instruments, Bedford, Massachusetts.
tt eeds and Northrup Company.l

55 Sporlan Valve Company, Saint Louis, Missouri.
i

____
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used throughout the plant. Alco* Series 722 evaporator pressure regulators
are used to control the heat exchanger temperature by maintaining a cor-

e'responding refrigerant boiling pressure. The bulk of the pilot plant
cooling is accomplished with three refrigerant-22 systems. Each refrig-

t ?.adelerant-22 compressor-condenser package consists of a Copelametie I

6RB2-1000 compressor with 10 hp motor and W2WV-1000, two-stage, water-
cooled condensing unit and has a capacity of 60,000 Bru/hr at minus 25 F
or 42,500 Btu /hr at minus 40 F. The stripper final condenser and the still
bottoms product receiver tank are cooled with separate refrigerant-502

^

systems. Each compressor-condenser package consists of a Copelametic
Model NRD1-0310 compressor with a 3-hp motor and W4WL-0300, two-stage,
water-cooled condensity unit. Varying process heat loads can result in
liquid floodback to the compressor and, consequently, each refrigeration
system is protected with a heated suction line liquid accumulator.

Brine-Type Refrigeration System

A brine refrigeration system differs from an evaporative type in that an
intermediate heat transfer fluid is used to cool the process equipment
instead of a direct boiling or evaporative transfer. Basically, this set-

up consists of a refrigerated heat transfer liquid storage tank and cold
liquid recirculating pump. The heat transfer fluid can be any liquid with
suitable flow and heat transfer characteristics. Local expansion valves

Nand evaporator pressure regulators are not required although a remote flow
control element is. In the case of the demonstration facility the brine

system would permit location of all mechanical equipment and, equally
important, control elements outside the reprocessing plant cell contain-

'

ment. Depending upon the total system load one or more larger refrigera-
tion compressors can be used to cool the brine storage tank. For improved
reliability, ,ne or more spare compressors can also be integrated into the
system to take over the cooling load in the event one of the regular units
fails. In the unlikely event the total mechanical refrigeration system is
incapacitated, the thermal inertia of the tank could provide a substantial
amount of cooling for a limited duration. If necessary, emergency cooling
could be provided via an external liquid nitrogen or compressed carbon
dioxide supply. A brine system is being designed for pilot plant testing.

PROCESS ANALYTICAL

The pilot plant has a well-developed process sarapling and in-house analyti-
cal capability that allows direct determination of component and overall
process performance. The sampling system is connected to over 25 different
process points and any one of several analytical instruments. Alternatively,
gas samples can also be pulled from the process and placed into cylinders .

.

.

*Alco Controls, Div. of Emerson Electric Co. , St. Louis, Missouri.

iCopeland Refrigeration Corporation, Sidney, Ohio.

I

|

.
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'
for mass spectrometer and other laboratory analysis. Gamma scintillation-

equipment, including a multichannel and several single channel pulse
., height analyzers, is used for in-line analysis of gas and liquid streans

containing gamma emitting isotopes such as Kr-85, Xe-133, Rn-222, and
I-131. Additionally, external gamma scanning devices are also availabic
te determine packed column molecular sieve, and cold trap concentration
profiles. Figure 9 is a photograph of the sampling manifold and part of

'

the analytict1 equipment. The sample lines and manifold are constructed'
from stainless steel. Nupro* hiodel SS-4BK bellows scaled block valves are
used on each of the manifold feed circuits. The manifold is equipped with
a precision metering valve, rotameter, sampic and manifold pressure gauges,
and a vacuum pump connection. Figure 10 is a flow schematic of the gas
manifold system.

Gas Analysis

Four different analytical methods are employed gocally to determine variouscomponent concentrations. Single beam bliran II infrared analy:crs are
used to obtain carbon dioxide and refrigerant-12 concentrations. The car-
bon dioxide analyzer operates on a measuring wavelength of 2.77 p and a
reference wavelength of 3.58 y and has a detection limit of 2 ppm. The
refrigerant-12 analyzer operates on an analytical wavelength of 9.09 p
and a reference wavelength of 3.58 p and has a detection limit of 0.1 ppm.
A bliran I infrared analy:cr with a variable analytical wavelength is also.-
available to perform other component analysis. All three infrared instru-
ments are fitted with a variable 20 meter path length call which makes it.

possible to obtain both low and high concentration levels.-

A DuPonts Stodel 411 photometric analyzer is used to determine nitrogen
dioxide and nitric oxide process concentrations. This analyzer operates
in the visible light region for NO2 detection, with a measuring wavelength
of 436 nm and a reference wavelength of 578 nm, and has a 2 ppm detection
limit. The gas cell is 20 inches long. Nitric oxide has no absorbance in
the visible range and consequently must be converted to NO2 prior to the
determination. The analyzer has provisions for conducting this reaction
inside the gas cell.

Two Panametrics** hiodel 2000 dew point hydrometers are used to establish
gas and liquid stream water contents. Ten aluminum oxide sensors are
located throughout the pilot plant. These particular sensors are capable
of measuring water vapor dew / frost points of -110 to +20*C over an operat-
ing pressure of 5 microns to 5000 psig. This range represents a moisture
level of between 0.001 ppm and 20,000 ppm at atmospheric pressure.

-
.

*

* Nuclear Products Company, Cleveland, Ohio.
iWilks Scientific Corporation, South Norwalk, Connecticut.., .

0 . I. duPont de Nemours, Wilmington, Delaware.E

**Panametrics, Inc., Waltham, biassachusetts.
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'

Nitrogen, krypton, xenon, carbon dioxide, oxygen, argon, and refrigerant- '

12 concentrations are determined with a Honeywell* Model 1000 process gas
chromatograph. This analyzer has an analysis cycle time of 170 seconds. .-
Composition ranges are as follows: 1) nitrogen, 0-50 percent; 2) krypton,
0-50 percent; 3) xenon, 0-100 percent; 4) carbon dioxide, 0-100 percent;
5) oxygen and argon combined, 0-100 percent; and 6) refrigerant-12, 0-1000
ppm.

Gamma Analysis

Two single channel pulse height analysis systems are used to simultaneously
determine the isotopic content of streams entering and leaving various mass

itransfer equipment. Each system consists of the following ORTEC com-
ponents: Model 905-3 scintillation detector and photomultiplier tube;
Model 266 photomultiplier tube base; Model 113 scintillation preamplifier;
Model 452 spectroscopy amplifier; Model 420A timing single channel
analyzer; Model 776 timer and counter; Model 775 counter, Model 441
ratemeter; and Model 401A/402A bin and power supply. A Hewlett-Packards
Model 6516A high voltage power supply and L and N Speedomax W/L pen
recorder are also used. Multicomponent spectral analysis is performed with
an ULTIMA II** multichannel analyzer. This computer , based system has 1024
channels, a four input mixer / router, and 200 MHz analog-to-digital con-
verter. Spectrum data are displayed on a CRT and thermal printer.

.

Process gamma counting is performed directly, through the process pipe wall.
The location of the available count positions is given on the operating
flow sheet, figure 5. Some fifteen positions are available. The process -

pipe at each counting point is encased in a 1-1/2- to 2-inch-thick lead
shield to reduce background radiation to acceptable levels. A hole is
bored in one end of each shield to receive the scintillator detector, which

is positioned directly against the process pipe. For those cases where the
pipe is cold, a small piece of urethane foam insulation is placed against
the pipe to protect the sodium iodide crystal. In addition to the station-
ary shields, several mobile lead shields have been installed in various
process locations to obtain the concentration profiles of various pieces
of equipment. For column analysis overhead hoists are used to position the
devices mounted on vertical tracks parallel to the column faces. Figure 11
is a photograph of the fractionator column scanner. Motor-driven horizon-
tal scanners are used to obtain concentration profiles of the feed gas heat
exchanger and the product purification cold trap. The data obtained from'

L the scanners so far have been instrumental to the understanding of the
process.

.

*Honeywell, Inc., Memphis, Tennessee.
t0RTEC, Inc., Oak Ridge, Tennessee. . -

0Hewlett-Packard, Rockaway, New Jersey.

'*INO-TECH, Inc., Madison, Wisconsin.

. . _ _ . . . . . _.
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*

FLOW SilEET OPTIONS -

It is important to note that the pilot plant is designed to be a versatile '
-

development facility that allows investigation of the overall process as
well as individual component behavior and performance. Consequently, it
should be obvious that the plant is built in a manner and with a number of
special features that are not particularly desirable nor well suited to an
industrial-type or remote operation. As indicated earlier, part of the
overall development effort is, consequently, directed toward identifica-
tion of flow sheet simplifications that will lead to a more tractable and,
equally important, reliable system for the actual reprocessing plant
application. Two such options have been identified so far and are pre-
sented here so as to indicate, in particular, how the seemingly complex
fluorocarbon process might finally be applied. The application flow sheets
are well founded upon several thousand hours of pilot plant operation,
detailed performance data, and rigorous component modeling studies. From
an economic point of view, both of the flow sheet simplifications represent
substantial process improvements.

Combination Absorber /Fractionator

Figure 12 is a schematic of the selective absorption process based on a
combination absorber /fractionator column. This particular combination has

,

been employed in at least one other application [23]. Of course, a degree -

of freedom has to be sacrificed with this particular flow sheet: the
fractionator pressure and, hence, the reboiler temperature are fixed by the

'

design of the absorber. If the required absorber pressure is high, the
consequences of a high reboiler temperature have to be acceptable. Recent
pilot plant tests, however, have shown that lower absorber pressures, e.g.,

100 to ISO psig, are generally allowable in so far e.s the performance of
the overall process is concerned [20,21]. Operation of the fractionator in
this pressure range results in a reboiler temperature of only 90 to 120*F.

The operational and economical advantages of the flow sheet based on the
combination absorber /fractionator do look attractive for the reprocessing

,

plant application. First, there will be no external fractionator gas

recycle to contend with; which means that the process gas compressor
requirements will be substantially reduced. This is particularly true at
the lower absorber pressures favored by the absorber /fractionator combina-
tion. Also, recycle solvent vapor will not be added to the incoming
process gas prior to cold trapping. Consequently, the nitrogen dioxide,
water, and iodine removed in the feed gas cooler will be free from cross-
contamination making it possible for the nitrogen dioxide and water to be
recycled back to the reprocessing plant nitric acid makeup system.
Secondly, the fractionator flash unit and condenser can be climinated.
This reduction will lower process equipment costs. Thirdly, the number of -

process flow controls can be significantly reduced and the reliability of
'

the resulting process improved. Specifically, the modified flow sheet does
not require fractionator off-gas instrumentation and controls, condenser -

refrigeration controls, or an absorber liquid Icvel system. From an opera-
tional standpoint, elimination of the liquid control valve between the
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absorber and fractionator is desirabic since this is the valve that his- -

torically tends to plug when large amounts of free water are introduced
into the system. Finally, the modified process will require less space.

.

Combination Absorber /Fractionator/ Stripper

Figure 13 is a schematic of an even more simplified process based on a com-
bination absorber /fractionator/ stripper. While somewhat radical, this flow

sheet is well founded upon existing pilot plant data [22,38]. Unlike its
predecessor, the new process contains only a single packed column within
which to conduct the necessary process functions of absorption, fractiona-
tion, and stripping. A solvent purification still is needed if the feed
gas contains significant amounts of high boiling components such as water,
nitrogen dioxide, and iodine. Decontaminated off-gas flows from the top
of the combination column and regenerated solvent from the bottom while the
radioactive gases are collected as a side stream. The top part of the
column, .c., that part above the feed gas point, is the absorption section
of the process; the middle section, i.e. , that part of the column between
the product takeoff and the gas feed point, sertes as the fractionator; and
the bottom section including the reboiler makes up the stripper. Figure 14
shows a possible instrumentation scheme that might be employed for column
control. Like the conventional process, the individual sections of the
modified plant operate at different solvent-to-gas flow rate ratios. In
fact, in the absence of a pressure gradient , the modified process relies .

~

even more heavily upon varying L/G ratios to achieve the three regime
operation. The dependency of the equilibrium distribution coefficient with
temperature also contributes to the success of the combined operation. An

,

in-line column condenser can be added as part of the combination column
between the stripper and fractionator zones as shown in figure 14 to give
the process a greater operating flexibility.

This process flow sheet requires even less equipment and control instrumen-
tation than the version based on a combination absorber /fractionator.

'

Because it is a simpler process, it will be even more economical, easier to
control, and more reliable.

DEVELOPMENT PROGRAM SCllEDULE

As previously mentioned, the primary objective of the fluorocarbon develop-
ment program is the generation of all process technology required to com-
plete a comprehensive design and evaluation of a demonstration facility
applicable to both conventional and advanced reactor fuel reprocessing
plants. A substantial amount of data has already been obtained upon which
to base a preliminary process design; but a sizable amount of work still
needs to be accomplished before the final design of an off-gas system can
be made. The remaining development program is laid out in such a way as .

to guarantee the timely evolution of the technology consistent with the
needs of the various fuel recycle programs.

.

The major experimental effort of FY 1978 will be directed toward detailed
analysis of the pilot plant while simultaneously treating all reprocessing

. . .
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,
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LIST OF SYMBOLS
_

FC - FLOW CONTROL
1 TC -TEMPERATURE CONTROL

L | PC - PRESSURE CONTROL
'

Jl f__(]C
5

Y | dPC - DIFFERENTIAL PRESSURE
' I CONTROL

C
dPA - DIFFERENTIAL PRESSUREd

ALARMf.
~

LC - LEVEL CONTROL,

FC * CC - COMPOSITION CONTROL
4 SCR - HEATER CONTROLLER,

' R - REFRIGERATION SUPPLY -
*

.

Figure 14

INSTRUMENTATION SCilEMATIC FOR Tile COMBINATION
ABSORBER /TRACTIONATOR/ STRIPPER COLUMN
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plant off-gas components. In particular, component interactions and*
.

multicomponent effects will be evaluated. The capability and perfor-
mance of the feed gas desublimer and krypton-85/ carbon-14 product purifi-.

*
cation and isolation equipment will be further defined. Methods of dealing
with the feed gas desublimate and distillation column bottoms product will
be evaluated. Specifically, processing schemes that convert the solution
iodine to a nonvolatile solid such as barium iodate and recycle the cap-
tured nitrogen dioxide as nitric acid will be pursued. A feed gas
catalytic oxidizer will be considered for converting other possible carbon

~~
forms such as CO or CH4 to the preferred dioxide to guarantee a high
carbon-14 collection efficiency. Finally, if the additional data gathered
continues to support the combination absorber /fractionator or absorber /
fractionator/ stripper concept another column will be built capable of per-
forming as either the two or three function contacting device and installed
in the pilot plant as an option to the existing three column plus solvent
still arrangement. In this way, any one of the three flow sheets can be
selected for testing simply by valving the simulated feed gas and solvent
flow to the appropriate equipment. Process modeling and optimization
studies will be continued into FY 1978. Design correlations will be com-
pleted for all major process components and rigorous component models

,

derived from pilot plant data will be incorporated into a process model.
Flow sheet and equipment modifications and options will be examined in the
context of further improving the process efficiency, economics, and

,. reliability for the reprocessing plant application.

. It is of interest to point out that at the same time, the solvent chemistry
work will be exploring multicomponent solution interactions that might,

affect the process operability or performance. Solubility limits and solu-
tion behavior of all less volatile components such as water, nitrogen
dioxide, and iodine will be established and the corrosion characteristics

of the system will be better defined. All of the existing phase distribu-
tion data for oxygen, nitrogen, and the noble gases in refrigerant-12 were
obtained at system temperatures below 35*F. Currently preferred process
operating conditions require distribution coefficients at temperatures as
high as 100*F. A laboratory effort will also be conducted to determine the
light gas solution behavior at higher temperatures. Also, the effects of
small quantities, e.g., I to 2 percent, of other fluorocarbons, such as
refrigerants-113, -114, and -11, on the activity coefficients of the various
feed gas components in solution will be examined.

Realizing that system perturbations can occur in actual process application,
the effects of various system disturbances on pilot plant operability and
performance will be identified in FY 1979. Remedial actions will be formu-
lated in response to various disturbances and component failures, if neces-
sary, to recover plant operation. Remaining work with minor feed gas
components such as ruthenium and various organics will be performed..

* Advanced process control and monitoring schemes not previously considered.

will be evaluated. Also, final evaluation of the product purification and
isolation methods will be made. The final process flow sheet will be.. ,

decided this year. This decision constitutes a critical milestone in the
Process Application Subtask. The design process model will also be com-
pleted and optimization techniques will be applied to determine preferred

,
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operating conditions. The reliability analysis model will be modified to -
.

reflect the final process flow sheet and those components identified that
require redundant or backup elements in order to ensure various levels of

*

process availability. The detailed laboratory analysis of the system sol-
vent chemistry will be continued to identify remaining multicomponent
effects. The chemistry program will consider the behavior of remaining
feed gas components. Tests designed to verify the integrity of the process
solvent will be initiated. In particular, solvent decomposition rechanisms
due to radiation, thermal, and chemical forces will be investigated. The
preferred materials of construction of the demonstration facility will be
identified at the end of FY 1979.

Optimum operating conditions and process reliability will be emphasized in
FY 1980 and special application tests, if necessary, will be completed by
FY 1981 to answer any remaining questions that were not addressed earlier
or simply were not identified until late in the program. The major solvent
chemistry program of the R-12 system will be concluded in FY 1980 unless
other problems not previously identified become obvious by that time.
Process application work will be focused on the demonstration process.
Efficient process startup, operating, and shutdown methods and procedures
will be formulated that are specifically applicable to the particular fuel
recycle facility.

.
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TASLE I
*

INSTRLB4LNTATION tEY To OFERATING FLOW SHLET

'

.

Model Inist Ra re Ntput Range

Symbol Service Dese rt pt ion _Manuf act ure r

1304TDill20 200-800 in. H O 4-20 mA2
PRC-C5 Compressor Suction Pressure Control Pressure Transmitter Taylor -

IM icating ControIIer Taylor 1304RA10002 0.25-1.25 y 4-20 mA

t/P Transducer Moore ??. 6 , . 4-20 mA 3-15 pst

PCV-C$ Compressor Suction Pressure Control control valve Precision Products & in., 0.45 C, 3-15 psi Mechanical

PRC-CD Compressor [ischarge Pressure Control Pressure Transmitter Tayter 1333TF21223 $0-500 psig 4-20 mA

Indicating Controller Taylor 1304RA10002 0.25-1.25 y 4-20 mA

I/P Transducer Moore 77-16 4-20 mA 3-15 psi

PCV-CD Compressor Discharge Pressure Control Control Valve Precision Products i in. 0.030 C, 3-15 psi Mechanical

Pa-CR Cas Reservoir Pressure Pressure Transmitter Leeds and Northrvp 0-300 psig 0.25-8.25 y

kecorder Taylor 1301JA10002 0.25-1.25 v 0-200 die

J 31313:221 50-500 vst 4-20 mA
PRC PD Pusy Discharge Pressure Control Pressure Transmitter Taylor

- 1304AA10002 0.25-1.% v 4 20 .:4 ~ s
Indicating Controtter Taylor

I/P Transducer ehere 77-16 4 20 mA 3-15 pst

3 ',5 psi MechanicIl
PCV-PD Pump Discharge Pressure Control Control Walve Dors * 4 in. 0.80 Cg

PRC-A Absorber Pressure Control Pressore Transmitter Taylor 1304TDlll20 200-800 is.. H O 4-20 mA2

Indicating Controller Taylor 1304RA10012 0.25-I.25 y 4-20 mA

* Recorder Taylor 1301JA10002 0.25 I.25 v 0-100 div

1/P Transducer Desre 77-16 4 20 mA 3-15 psi

- PCV-A Absorber Pressure Control Control Valve Precision Products I in. 0.13 C, 3-15 psi Mechaalcal

PdR-A Absorber Pressure Drop AP Transmitter Taylor 13037D11120 20-250 is. H O 4-20 mA2

Recorder Taylor 1301JA10002 0.25-8.25 v 0-100 div

PRC-F Fractionator Pressure Control Pressure Transmitter Taylor 1304TD11120 200-800 te. H O 4-2C mA2

Indicating Controller Taylor 1304kA10002 0.2L t.25 y 4-20 aA

Recorder Taylor 130lJA10002 0.25-1.25 y 0-100 d&=

I/P Transducer Moore 77-16 4-20 mA 3-15 pst
'

PCV-F Fractionator Pressure Control Control Valve Precision Prodacts {in. 0.08C, 3-15 psi Mechanical -

PdRC-F Fractionator Pressuse Drop Control AP Transmitter Taylor 1302TD11122 5-50 in. H O 4-20 mA2

Indicating ControIIer Taylor 1304RA!0002 0.25-1.25 y 4-20 mA

Recorder Taylor 1301JA30002 0.25-8.25 v 0-100 div
'"*

SCR Fractionator Pressure Drop Control Power Controller toyota IPAC-3-480-STD 4-20 mA 0 54 a

Innersible teater Chromalom TWI 12183 0-22 a 0-18 kW _ ,-

PRC-S Stripper Pressure Contro! Fressure Transmitter Taylor 1304TDIII20 200-PCO in. H O 4-20 mA2

Indicating Controller Taylor 1304RA10002 0.25-I.25 y 4-20 mA ,

Recorder Taylor 1301JA10902 0.25-3.25 v 0-100 div -

SCR Stripper Pressure Control Power Cox. troller I.oyot a LPAC-3 a80-STD 4-20 mA 0-54 a

Innersible Heater Chromaton TW1-18405 0-48 a 0-40 km _

PdkC-S Stripper Pressure Drop Contros AP Transmitter Taylor 1303TDill20 20-250 in. H O 4-20 mA2

Indicating Contro!!er Taylor 1304RA10002 0.25-1.25 v 4-20 mA

Recorder Taylor 130lJAlmW2 0.25-1.25 v 0-100 div

I/P Transducer Moore 77-16 4 20 mA 3 15 rst.

Refrigeration Control Alco Controls 724 3-15 ps! 24 30 psag

_ - _ _ _ _ _ _ _ _ _ _
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TASLE I (Continued)

INSTRIMENTATION KET TO OPERATING FIDW SIF'

Description Mvi6facturer Model Inr.+t Ranze Output Range

Symbol _
Service

PRC-SS solvent still Pressure Control Pressure Transmitter Taylor 1304TD21120 200-800 in. H O 4-20 mA2

Indicating Controller Taylor 1304RA10002 0.25-1.25 y 4-20 mA

1322JA14123 0.25-1.25 y 0-100 div
Recorder Taylor

Moore 77-16 4-20 mA 3-15 psi
I/P Transducer

PCV-SS Selvent still Pressure Control Refrigeration Control Alco Controls 724 3-15 psi 2-110 psis

Control Valve Dover i in., 0.25 C, 3-15 psi Mechanical

PdR-S$ Solvent Still Pressure Drop AP '' ansmitter Taylor 1302TDill22 5-50 in. H O 4-20 mA2

Rarc Jer Taylor 1322JA14123 0.25-1.25 v J-100 div

LIC-C1 Feed Gas Cooler Liquid Level Control Ca.acitance Probe Dromelbrook 700-1-23 Liquid Level 0.25-4500 pf

T ansmitter Drexelbrook 408-1000 0.25-4500 pf 4-20 mA

1.dicating Controller Taylor 1304AA10002 0.25-1.25 y 4 20 mA
4-20 mA 0-100 div

Indicating Meter Drexelbrook
77-16 4-20 mA 3-15 psi

1/P Transducer Moore

LCV-C1 Feed Gas Cooler Liquid Level Control Control Valve Precision Products i in., 0.2 C, 3-15 rst Mechanical

LIC-A8 Absorber Liquid 14 vel Control Capacitance Probe Drenelbrook 700-1-23 Liquid Level 0.25-4500 pf

Transmitter Dremelbrook 408-I000 0.25-4500 pf 4-20 mA

Indicating Controller Taylor 1304RA10002 0.25-1.~,5 y 4-20 mA
4-20 mA 0-100 div

Indicating Meter Drexelbrook
I/P Transducer Fairchild T-5120 4-20 mA 3-15 psi

& in., 0.5 C, 3-15 psi Mechanical .

Control Valve Jordan i in., 0.84 C, 3-15 ps! Mechanical
LCV-A8 Absorber Liquid Level Control Control Valve Dover

LIC-F8 ectionator Liquid Level Control Capacitance Probe Droselbrook 700-1-23 Liquid Level 0.25-4500 p f

Dremelbrook 408-1000 0.25-4500 pf 4-20 mA
Transmitter 1304RA1000J 0.25-1.25 y 4-20 mA
Indicating ControIIer Taylor 4-20 mA 0-100 div
Indicating Meter Drexelbrook
I/P Transducer Fairchild T-5120 4-20 mA 3-15 pst

\

ICV-F8 Fractionator Liquid level Coatrol Control Valve Dover i in., 0.80 C, 3-15 psi Mechanical

LIC-5' Stripper Liquid Level Control Capacitance Probe Dreselbrook 700-1-23 Liquid Level 0.25-4500 pf

Transmitter Dre4elbrook 408-1000 0.25-4500 pf 4-20 mA

Indicating Controller Taylor 1304 AA1000.? 0.25-1.25 v 4-20 mA
1-20 mA 0-100 div

Yadicating Meter Dremelbrook
Fairchild T-5120 4-20 mA 3-15 psi

I/P Transducer
Control Valve Dover ) in., 1.0 C, 3-15 psi Mechan! cal

1CV-58 Strapper Liquid Level Control Precisi w Products t in., 2.0 C , 3-15 psi Mechanical
Control Valve

LIC-SST Stiin Condenser "iquid 1.evel Control Lapacitance Probe Drexelbrook 700-1-23 Liquid Level 0.25-4500 pf

Transmitter Dreselbrook 408-1000 0.25-4500 pf 4-20 mA

1304RA10002 0.25-1.25 y 4 20 mA
Indicating Controller Taylor 4 20 mA 0-100 div
Indicating Meter Drexelbraak
I/P Transducer Moore 77-16 4-20 mA 3-15 psi

LCV-SST Still Condense- Liquid Level Control Control valve Precision ProJucts i in., I.25 C, 3-15 psi Mechanical

j
l
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. TABLE I (Continued)

INSTRUMENTATION KEY TO OPERATING FLDu SHiET

.

Symbol Service Descript ion Manufacturer Model Input Ranae Output Farme

LIC-558 Still Reboller Liquid Level Control Capacitance Probe Dreselbrook 700-1-23 Liquid Level 0.25-4500 pf
Transmitter Drenelbrook 408-1000 0.25-4500 pf 4 20 mA
Indicating Controller Taylor 1304RA10002 0.25-1.25 y 4-20 mA
Indicati1g Meter Dreselbrook 4-20 mA 0-100 div

SCR 5till Reboiler Liquid Level Control Power Controller Loyola LPAC-3-480-STD 4-20 mA 0-54 s
Immersible Hester Chromalos TMI-12303 0-36 a 0-30 kN

LI-IV Solvent Tank Liquid Level capacitance Probe premelbrook 700-1-23 Liguid Level 0.25-4500 pf
Transmitter Droselbrook 409-10C0 0.25-4500 pf 4-20 mA
Indicating Meter Drenelbrook 4-20 mA 0-100 div

SG Solvent Tank Liquid Level Liquid Level Sight Glass Strahman SVT-AlfF Liquid Level Indicator

F1-GR Process Feed Gas Flow Mass Flowmeter Transducer Hastings-Raydist H-3M/L-25 0-25 scfm 0-5 y

Mass Flowmeter Indicator Hastings-Raydist AHL-25P 0-5 y 0-25 scfm

F1-AB Absorber Feed Gas Flow Mass Flowmeter Transducer Hastings-Raydist H-3M/L-25 0-25 scfm 0-5 v

Mass Flowmeter indicator Hastings-Raydist AHL-25P 0-5 v 4 25 scfm
Recorder Taylor 1322JA14123 0.25-1.25 v 0-300 div

F1-AT Absorber off-Gas Flow Mass Flowmeter Transducer Hastings-Raydist H-3M/L-25 0-25 scfm 0-5 y

Mass Flowmeter Indicator I* art ings-Raydist AHL-25P 0-5 v 0-25 scfg*

Recorder Taylor 1233JA14323 0.25-1.25 v 0-100 die +

FI-FT Fractionator Off-Gas Flow Mass Flowmeter Transducer Hastings-Raydist H-3M/L-10 0-10 scfm 0-5 y 1.

Mass Flowmeter Indicator Hastings-Raydist AHL-10PG 0-5 v 0 10 scfm j

FIR-STI Stripper Off-Gas Flow Mass Flowmeter Transducer Hastings-Raydist H-5EM 0-5000 sccm 05v
Mass Flowmeter Indicator Hastings-Raydist ALL-5KPG 0-5 v 0-5000 seca
Recorder Taylor 1322 JAI 4125 0.25-1.25 v 0-800 div

FIR-ST2 Stripper Off-Cas Flow Mass Floemeter Transducer Hastings-Raydist H-50EM 0-50.000 scco 0-5 v
Mass Flowmeter Indicator Hastings-Raydist ALL40RPG 0-5 v 0-50.000 seca
Recorder Taylor 1322JA14123 0.25-I.2S v 0-100 div 1

]
FIC-ST Stripper Off-Gas Flow Control Indicating Controller Taylor 1304RA10002 0.25-1.25 v 4-20 mA

I/P Transducer Moore 77-16 4 20 mA 3-15 psi

| FCV-STI Stripper cif-Gas Flow Control Control valve Precision Products 4 in. 0.0022 C, 3-15 psi Mechanical

FCV-ST2 Stripper Off-Gas Flow Control Control Valve Precision Products t in. 0.019 C, 3-15 psi Mechanical

FRC-A1 Absorber Solvent Feed Control Flowmeter Transmitter Brooks 3623/5522H 0-2.5 gym 4-20 mA
ladicating Controller Taylor 1304RA10002 0.25-1.25 y 4-20 mA
Recorder Leeds and Northrup Speedomes N/L 0.25-1.25 v 0-100 div
1/P Transducer Ibore 77-14 4 20 mA 3-15 psi

FCV-A1 Absorber Solsent Feed Control Control Valve Dover i in. 0.8 C, 3-15 psi Mechanical

. FIR-SSP Solvent Still Distillate Flow Flowmeter Transmitter Brooks 3623/5522H 0-2.5 gym 4-20 mA
Recorder Leeds and Northrup Speedonan W/L 0.25-1.25 v 0-100 div

FIR-SSR Solvent 5till Reflux Flow Flowmeter Transmitter Brooks 3623/5522H 0 2.5 gym 4 20 mA
Recorder Leeds and Northrup Speedomas N/L 0.25-1.25 v 0-100 div*

%

_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



1 t1

*

F T F R s
C I C C y
V C V - m- - - S h
S S S S

t
o

S S S R
B B R

S S S So o o o
l l l l
v v v v ,e e e en e n n
t t t t

S S S S
t t t t
i i ! i
l l ! l
l l ! l

B B R R So o e e e
t t f f r
t t i l

i
v

o o n u
m m a s c
s s e

F R
F F l a
l l o t
o o w i

w w e
C 9C C o C 6o o n on n t n

t t r t
i r r o ro o l o

l l l

C IIE C /nM
II

o /n/ o
n Pdl n Pd I
t i t it N
r TcT i Tci So rar o rap
l at a ! at l D R'

nin nii e I

V sns V sne s M
a dg i a dg r e Em
wCt l

cCD t T
u / r Nl

v v
e eot e eoi p A

rne rnv t T
t r ti i I
r rd o O To
l

oe n N A
l

lr 8

e
l K 1

e E
.

E
r r Y

I
T
O (

C
O o
P n
E t
R i
A n

D FTT P MTT T ue aaa r uaa I

d
e

v iyy e oyy M N
e rlr cool c rll a G )

i eoo n
hrr s rr u F
i i f I

l o a D
d n c W

t
P u S
r r Ho e E
d r E
u Tc
t
s

i T11 i 711
- 30 733

i 502 i
1
- 03

,.n n 40142
2RT 6RN M

0 02 2
1AA1 d

0AA o
11

. 01 .
01

l
e

00
0 04 0 00
7 20 20

,C5

,C

3 40- 3 400
- - . 2 - - I
1 220 1 222 n
5 05 * 5 055 p

- F - - u
p m1 p m11 t

s A - s A
i 2 i 22 R

5+ 55 a
8 n

v0 vy g
* e

F

M 344 M 344 O
e - - - e - - - u
c 122 c 122 t

h 500 h 500 p
a a u
n pmm n pmm t
i sAA i sAA
c i c i R
a a a

nl l
g
e

.

4



_

97

*

-
TARI.E II

INSTMBENTATION BET TO PeruuMT PURIFICATION CDLD TRAP,

symbol Service Description Manufacturer tende t lasut Renae output Ramas

PRC-PT Product Purification Cold Trap Pressure Transmitter Taylor 1332TFil221 10-100 psi 4-20 mA
Pressure Control Indicating Controller Taylor 1304RA10002 0.25 1.25 y 4-20 mA

Recorder Taylor 1322JA14123 A.25-1.25 y 0-100 div
1/P Transducer tenore 77-16 4-20 mA 3-15 351

PCV-PT Product Purification Cold Trap Control Control Valve Precision Products i in. 0.003 C, 3-15 poi taschanical
'

PdR-PT Product Purification Cold Trap Pres- AP Tramanitter Taylor 13017 11I22 0-30 in. H O 4-20 en2
j sure Drop Recorder Taylor 13222Al4123 0.25-1.25 w 0-100 div
'

TE-LN Product Purification Liquid Nitrogen b ruobulb/Thernovell Taylor PIEL-9-3A/ -320 to +32*F 19-100 0
Tempeasture Control I-10nL-9

Resistance to Current Taylor 1002TA14010 19-43 0 4-20 mA
Transmitter
ladicating Controller Taylor 13040Alo002 0.25-1.25 y 4 20 mA
I/P Transducer Moore 77-16 4-20 3-15 pal >

TCV-RJs Product Purification Liquid Nitrogen Control Valve Precision Products & in., 0.006 C, 3-15 psi lanchamical
* Control

TE-PT Product Purification Cold Trap h rmobulb/ h rmowe!! Taylor PLCL-9-3A/ -320 to +32*F 19-100 0.

Temperature Control 1-10RL-9 3

Resistance to Current Taylor 1002TA14010 19-43 0 4 20 mA |
Transmitter |.

Indicating Controller Taylor 1304RA10002 0.25-1.25 y 4-20 mA i
I/P Transducer Moore 77-16 4-20 mA 3-15 psi ;

*
TCV-PT Product Purification Cold Trap Control Valve Precision Product iin.,0.02C, 3-13 psi ' 8eschasical

'

Temperature Control

FIR-ST Stripper Product Flow h rmal Mass Floumeter Tylan PM-360 0-1 sta 0-5 e
Transducer .

*Thermal Mass Floumeter Tylan 30-751 0-5 v 0-1 sta
Indicator
Recorder Taylor 1322JA14123 0.25-1.25 v 0-100 die

FIR-PTl Product Purification Cold Trap h rmal Mass Flowmeter Tylan FM-360 0-100 ace 0-5 v
Off-Gas Flow Transducer

Thereal Mass Flowmeter Tylan R0-751 0-5 v 0-100 acco
Indicator
Aecorder Taylor 1322JA14123 0.25-1.25 w 0-100 die

FIR-PT2 Product Purification Cold Trap h rmal Mass Flowmeter Tylan FM-360 0-500 scca 0-5 v
Cff-Gas Flow Transducer

N real Mass Flowmeter Tylan RO-751 0-5 v 0-500 scca
Indicator.

Recorder Taylor 1322JAl4123 0.25-1.25 w 0 100 dir

-

b
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INTERNAL DISTRIBUTION
,

1. S. I . Auerbach 77. R. A. Lorenz
*

2. J. T. Bell 78. A. L. Lotts,

3. Myer Bender 79. J. C. Mailen
4. M. R. Bennett 80. A. P. Malinauskas
5. J. E. Bigelow 81. Leon Maya
6. R. E. Blanco 82. W. J. McDowell
7. J. O. Blomeke 83. J. D. McGaugh
8. W. D. Bond 84. J. R. Merriman
9. B. F. Sottenfield 85. R. E. Moore

10. J. T. Bradbury 86. J. M. Morrison
11. N. C. Bradley 87. E. L. Nicholson
12. R. E. Brooksbank 88. E. D. North
13. C.11. Brown 89. A. R. Olsen

14-23. W. D. Burch 90. J.11. Pashley
24. S. R. Buxton 91. F. L. Peishel
25. D. O. Campbell 92. lierman Postma
26. J. M. Chandler 93. R.11. Rainey
27. W. E. Clark 94. R. B. Richards (Consultant)
28. L. T. Corbin 95. C. R. Richmond
29. D. J. Crouse 96. A. D. Ryon
30. B. F. Crump 97. 11. C. Savage

,

31. F. L. Culler 98. A. C. Schaffhauser
32. W. Davis, Jr. 99. C. D. Scott, *
33. R. G. Donnelly 100. R. G. Stacy

34-43. R. S. Eby 101-110. M. J. Stephenson
44. M. J. Feldman 111. W. G. Stockdale.

45. D. E. Ferguson 112. O. K. Tallent
46. L. M. Ferrus 113. L. M. Toth
47. B. C. Finney 114. 11. E. Trammell
'8. R. B. Fitts 115. D. B. Trauger
49. E. L. Gaden, Jr. (Consultant) 116. W. E. Unger
50. E . 11. Gi f t 117. V. C. A. Vaughen
51. J.11. Goode 118. B. L. Vondra

.

52. N. R. Grant 119. C. D. Watson
53. W. S. Groenier 120. W. J. Wilcox, Jr.
54. W. O. Ilarms 121. J. R. Weir, Jr.
55. D. C. Ilampson 122. M. E. Whatley
56. G. S.11i11 123. R. A. Winkel
57. D. W. Ilo11aday 124. R. G. Wymer
58. D. E . llo rne r 125. O. O. Yarbro

59-68. V. C. Iluffstetler 126. ORGDP Library
69. A. R. Irvine 127-128. ORGDP Records (RC)
70. P. R. Kasten 129. Central Research Library
71. S. V. Kaye 130. ORNL - Y-12 Technical Library

*

72. A. D. Kelmers Document Reference Section
'

73. L. J. King 131-135. Laboratory Records
74. D. C. Kocher 1 36 . Laboratory Records, ORNL*

75. C . E . Lamb 137. ORNL Patent Office,

76. R. E. Leuze 138. Nuclear Safety Information Center

_ _ , _



i

_ _ _ _ ._ _

--

100

EXTERNAL DISTRIBUTION .

,

.

139. R. C. Adkins, Technical Representative, NUSAC, 777 Leesburg Pike,Falls Church, VA 22043 ,

140. Aerojet Nuclear Company, 550 2nd Street, Idaho Falls, ID 83401
141. T. W. Ambrose, Director, Pacific Northwest Laboratory,

P. O. Box 999, Richland, WA 99352
142. Battelle-Colurbus Laboratories, 505 King Avenue, Columbus, Oil 43201
143. R. C. Baxter, President, Allied-General Nuclear Services,

P. O. Box 847, BarnwcII, SC 29812
144. M. Binstock, Kerr-McGee Nuclear Corporation, Kerr-McGee Building,

Oklahoma City, OK 73102
145. M. G. Britton, Manager Technical Liaison, Corning Glass Works,

Corning, NY 14830
146. J. Carp, Director for Energy Policy, Edison Electric, 90 Park

Avenue, New York, NY 10016
147. W. T. Cave, Director, Monsanto Research Corporation, Mound

Laboratory, P. O. Box 32, Miamisburg, 011 45332
148. B.11. Cherry, Manager of Fuel Resources, GPU Services Corporation,

260 Cherry liill Road, Parsippany, NJ 07054
149. G. R. Corey, Vice Chairman, Commonwealth Edison Company,

P. O. Box 767, Chicago, IL 60690
150-151. J. L. Crandall, Director, Environmental Sciences Section, ,

E. I. duPont de Nemours 6 Company, Savannah River Laboratory,Aiken, SC 29801 ,.

152. R. G. Cross, DBM Corporation,1920 Alpine Avenue, Vienna, VA 22180153. G. W. Cunningham, Director, Division of Waste Management, Production
and Reprocessing, U. S. Energy Research and Development Administration,

-

Washington, DC 20545
154. R. Cunningham, Nuclear Materials Safety and Safeguards, Nuclear

Regulatory Commission, Washington, DC 20545
155. R. L. Dickeman, President, Exxon Nuclear Company, Inc. , 777 -

106th Avenue, NE, Bellevue, WA 98004
156. T. W. Fowler, Environmental Protection Agency, Office of Radiation

Programs (AW-460), 401 M Street, SW, Washington, DC 20460
157. R. Fu11 wood, Science Applications, Inc., 2680 Hanover Street,Palo Alto, CA 94303
158. R. L. Grant, Director of Nuclear Projects, Boeing Engineering and

Construction Division, P. O. Box 3707, Seattle, WA 98124159-161. H. J. Groh, Jr., Director, Separations Chemistry 6 Engineering
Section, E. I . duPont de Nemours 6 Company, Savannah River
Laboratory, Aiken, SC 29801

162. M. L. liyder, Separations Chemistry 6 Engineering Section, E. I .
duPont de Nemours 6 Company, Aiken, SC 29801

163-164. J. R. Ililley, Director, Nuclear Engineering 6 Materials Section,
E. I duPont de Nemours 6 Company, Savannah River Laboratory, '

Aiken, SC 29801
'

165. T. B. liindman, Jr., Director, Fuel Cycle Project Office, U. S. '

Energy Research and Development Administration, Savannah River
Operations Office, P. Box A, Aiken, SC 29801 :.

166. A.11. llines , Jr. , President, Florida Power Corporation,
P. O. Box 14042, St. Petersburg, FL 33733

.
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167. _ C. A. Hirenda, Director of Marketing, Proposal Management, Inc.,*
121 N. Orionna Street, Philadelphia, PA 19106

.168 '. C. H. Ice, Director, Savannah River Laboratory, E. I . duPont
de Nemours '4 Company, Aiken, SC 29801'

169. A. S. Jennings, Research -Manager, Separations Chemistry 6 Engi-
neering Laboratory, Aiken, SC 29801

'170. W. Johnson, Vice President, Yankee Atomic Electric Company,
20 Turnpike Road,LWestbo.ro, MA 01581

171. - M. I. Kaparstek, Manager of Proposals, Burns and Roe, Industrial-
Services Corporation, P. O. Box 663, Paramus, NJ 07652

172. F. J. Keirnan, Eastern Regional Manager, Energy Systems, Aerojet
Energy Conversion Company, Suite 1050, 1120 Connecticut Avenue,
NW, Washington, DC 20036

-173. K. Killingstad, Cont. Services, Battelle-Human Affairs Research
. Centers, 4000 N.E. 41st Street, Seattle, WA 98105

174. L. F. Landon, Savannah River Laboratory, Building 679-G,
Savannah River Plant, Aiken, SC 29801

1 75. F. W. Lewis, President, Middle South Utilities, Inc., Box 61005,
New Orleans, LA 70161

176. W. H. Lewis, Nuclear Fuel Services, 6000 Executive Blvd.,
''

Rockville, MD 20952
177. J. L. Liverman, Division of Biomedical and Environmental Research,

''
' U. S. Energy Research and Development Administration, Washington,

DC 20545
178. H. E. Lyon, Division of Safeguards and Security, U. S. Energy,

Research and Development Administration, Washington, DC 20545
179, A. Maimoni, Material Control Group, Lawrence Livermore Laboratory,

University of California, P. O. Box 808, Livermore, CA 94550
1 80 . L. W. Nelms, Chief, Research Branch, Research and Technical

Division, Todd Company, P. O. Box 1600, Galveston, TX 77550
181. R. I. Newman, Vice President, Allied-General Nuclear Services,

P. O. Box 847, Barnwell, SC 29812
182. D. T. Pence Science Applications, Inc.,1200 Prospect Street,

P. O. Box 2351, La Jolla, CA 92038
183. G. K. Rhode, Vice-President-Engineer, Niagara Mohawk Power Corpora-

tion, 300 Erie Boulevard, West, Syracuse, NY 13202
184. L. M. Richards, Nuclear Commercial Development Coordinator,

Atlantic Richfield Company, Box 2679 - TA, Los Angeles, CA 90071
185. A. Schneider. Nuclear Engineering Department, Georgia Institute of

Tech nology, Atlanta, GA 30332
186. L. E. Smith, Manager-Fuel, Carolina Power and Light Company,

P. O. Box 1551, Raleigh, NC 27602
187. D. Spurgeon, Division of Nuc' ar Fuel Cycle and Production, U. S.

Energy Research and Developmu at Administration, Washington, DC 20545- *

188. A. Squire, Director, Hanford Engineering Development Laboratory,*

P. O. Box 1970, Richland, WA 99352=

189. C. Stephens, Virginia Electric Power Company, Nuclear Fuel Service,

Department, 512 Franklin Building, P. G. Box 26666, Richmond, VA
32361

._
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190. N. Stetson, Manager, U. S. Energy Research and Development *

Administration, Savanr.ah River Operations Office, P. O. Box A, '

Aiken, SC 29810
-

*

191. S. Stoller, Western Reprocessors, The S. M. Stoller Corporation, x,1250 Broadway, New York, NY 10001
192. K. Street, Associate Director, Lawrence Radiation Laboratory,

P . O. Bo x 808, Live rmore , CA 94550
4193. G. Stukenbrocker, NL Industries, P. O. Box 928, Barnwell, SC

29812
194. Dr. Uhrig, Florida Power and Light Company, P. O. Box 013100,

Miand , FL 33101
195. I. J. Urza, Exxon Nuclear Company, Inc., Oak Ridge National

Laboratory, P. O. Box X, Oak Ridge, TN 37830
196. V. Van Brundt, College of Engineering, University of South

-

Carolina, Columbia, SC 29208
197. F. S. Waters, Savannah River Plant, E. I . duPont de Nemours G

Company, Aiken, SC 29801
198. E. J. Wahlquist, Deputy Assistant Director for Terrestrial

Programs, U. S. Energy Research and Development Administration,
Washington, DC 20545

l
199. A. K. Williams, Director, Nuclear Technology Division, Allied-

General Nuclear Services, P. O. Box 847, darnwell, SC 29812
200. U. S. Energy Research and 'evelopment Administration, Chicago

-

Operations Office, Contracts Division, 9800 South Cass Avenue, *

Argonne, IL 60439
201. U. S. Energy Research and Development Administration, Division *,

of RDD, Energy Systens Analysis, Washington, DC 20545 ** 2202. U. S. Energy Research and Development Administration, Division '

of RDD, LMFBR Programs, Washington, DC 20545
.

203. U. S. Energy Research and Development Administration, Research
and Technical Support Division, P. O. Box E, Oak Ridge,1N 37830

204. U. S. Energy Research and Development Administration, Richland
_

Operations Office, P. O. Box 550, Richland, WA 99352
205. U. S. Energy Research and Development Administration, Division

of Reactor Development Demonstration, Washington, DC 20545
206. U. S. Energy Research and Development Administration, Idaho

Operations Office, 550 2;:d Street, Idaho Falls, ID 83401
207. U. S. Energy Researco and Development Administration, Nevada

Operations Office, T . O. Box 14100, Las Vegas, NV 89114
208. U. S. Energy Resears h and Development Administration, San

Francisco Operations O ffi ce , 1333 Broadway, Wells Fargo Building,
Oakland, CA 94612 . ."
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