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ABSTRACT

As a means of reducing the quantity of radiocactivity released

to the enviromment by radiloactive liquid waste discharges at
ORNL, it 1s proposed that two 50,000-gal stainless steel storage
tanks and a 600 gph stainless steel, submerged-coll evaporator
be installed in the existing excavation for 2527 Bullding. The
tanks, approximately 10 ft in diameter by 85 ft long, will be
equipped with cooling coils attached to thelr outside surfaces
for removal of a maximum of 300,000 Btu/hr of decay heat, and will
be supported inside a concrete vault for containment. The evapo-
rator and a feed tank will be installed inside a cell shielded
with 5 ft of concrete and will process mainly intermediate-level
waste from the concrete tank farm, but will be able to evaporate
high-level waste as well, 1f required. Two additional cells for
the condenser and other off-gas equipment will be housed with

the evaporator cell in a building with an operating area and
sampling gallery. The capital cost of this installation is
estimated to be $1,226,000.

NOTICE

This document contains information of ¢ preliminary nature ond was prepared
primarily for internal use at the Odk Ridge National Laboratory. It is subject
to revision or correction and therefore does not represent o final report. The
information is not to be abstracted, reprinted or otherwise given public dis-
semination without the approval of the ORNL patent branch, Legal and infor.
mation Control Department.
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1.0 THTRODUCTICHN

A study of the existing ORNL liquid radioactive waste system was
undertaken with the objective of determining how the system should best
be modified to reduce the gquantity of radicactivity released to the
environment wnile retaining the maximum flexibility consistent with safety
and economy. It was postulated that this objective could best be achieved
vy providing new storage capacity for segregation and contsinment of high-
level wastes, an evaporator for concentration of intermediate-level wastes,
and & more efficient process than the present lime-soda treatment for
decontaminating the low-level wastes. This reportAsummarizes the considera-
tions and bases used in the conceptual design and preliminary cost estimate
of the proposed high-level storage tanks and intermediate-level evaporator.
The proposed modifications of the low-level waste system are treated in a

separate report.
2.0 SUMMARY

It is proposed that two 50,000-gallon stainless steel storage tanks
and a 600 gph stainless steel submerged-coil evaporator be installed in
the existing excavation for 2527 Building. The tanks, for containment of
acidic high~level waste solutions from the Laboratory's hot processing
areas, would have dimensions approximately 10 ft in diameter by 85 ft long
and will be contained inside a concrete vault. The alternate of neutralizing
the wastes and storing in mild steel tanks was rejected because the larger
storage volumes and more complex cooling system reguired for alkeline
storage nullified the cost advantage of mild steel.

The high-level waste solutions will be collected from Buildings 3517
and 3019 in existing tanks S-324 and W-19 or W-20, sampled, and routed either
directly to the high-level waste tanks or to the evaporator feed tank for
concentration before storage. A maximum of 300,000 Btu/ar of decay heat
can be removed'from each storage tank by water cooling coils attached to
their outside surfaces. Alr spargers will be provided for agitation
and radiolytic hydrogen dilution, and provisions will be made for access,
sampling, and solution transfer between tanks. A water-cooled condenser
with a heat duty of 450,000 Btu/hr will be provided in <the vessel off-gas
line t0 be used 1n the event of a cooling system failure. The vessel

off-gas will be processed by caustic scrubbing and filtration before



release to the 3030 vessel off-gas system. The vessel off-gas equipnent
will be noused in a cell with inside dimensions about O ft z 14 £t x 13
Tt Ceep, shielded with two feet of concrete.

The evaporator, a vessel about 10 It in diameter by 12 2t hign
with internal steam colls, will serve mainly to concentrate intermediate-
level alkaline wastes from the existing concrete waste tanks, but could
be used to concentrate high-level wastes 1f the occasion demanded. This
type evaporator was selected in preference to either the external tube
cnest or the vapor compression types because of its greater simplicity and
lowver capital cost., It will be installed with an evaporator feed tank in
a cell 1L ft x 26 ft x 20 ft deep, shielded with 5 ft of concrete and with
removable roof plugs for access, The vapor from the evaporator will be
condensed, monitored, and sent to process waste, The condenser and catch
tank will be installed in a cell & £t x 14 ft x 13 ft deep shielded with

It of concrete., The condenser cooling water will be circulated to an
alr~-cooled heat exchanger outside the shielded area for heat removal. The
evaporator concentrate will be returned to the concrete tank farm for
storage. The vessel off-pgas will be processed in the same equipnent used
for the waste storage tank off-gas. The cell off-gas will be filtered
before release to the 3039 cell ventilation off-gas system.

A building having dimensions 40 £t x 65 ft x 20 ft high will be
constructed over the cells and will contain a 20~ton overhead crane, an
operating area, and a sampling gallery.

The capital cost of this installation is estimated to be 1,226,000,

and should require $133,600/year operating cost.
3.0 GEHERAL COHSIDERATIONS

3.1 TFlowsheet and Physical Description

A schematic flowsheet of the high and intermediate-level waste
collection system is shown in Fig. 1. High-level waste is assumed to
be acidic wastes containing 6-months-cooled fission products. A maxipum
specific activity of 2800 curies/gallcn is assumed for design rnurposes.
The high-level waste comes from Building 3517 via tank S-324 or fronm
3019 via tanks W-19 or W-20. It is sent to the nigh-level waste storage

tanks, either directly or by way of the evaporator feed tank.
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Interncdinte~level waste (which is defined as being waste with &
speciiic activity of between 10 and 10~5 curies/gallon) comes froa the
existing conurete waste tanks and is fed to the evaporaltor, either

irectly or through the evaporator feed ftank. The concentrated bottoms

Qs

e returned to the concrete storage tanks; the overhead vapor is con-

I

densed, monitored, and discharged to process waste. If the specific
activity of the ccndensate is too high, the condensate can be sent back
to the evaporatior.

A plot plan snowing the proposed location of the waste collection
system and the process lines connecting this system to other points of
the loboratory waste system is shown in Fig. 2.

Major service requirements are for 5700 1b/hr of steam Tor the
evaporator and about 25 gallons/min of cooling water to each of the
waste tanks. The cooling water requirement could be as high as 100 zal/min
if wastes of tae maximam specific activity were stored.

The shilelding requirement for the evaporator cell has been calculated
to be 5 £t of concrete. This calculation is based on the assumption that
the tenk iz filled over a 2-1/2-year period with waste solution with an
original specific activity of 2800 cur es/gal. The shielding requirement
for the condenser cell has been calcul%ted to be 3 It of concrete, based
on the assumption that 10% of the RulOb in the evaporator volatvilizes
during an evaporation. The shielding requirement for the off-zas cell
has been calculated to be 2 It of concrete, based on the assunpiions of a
20 cim off-gas flow, a carry-over of 10 mg of liquid per cuble wmeter of
off-gas, and an emptylng of the caustic scrub tank every three wee

A one-story chenge room and an operating area 16 x 55 x 1k ft nirh
will ve located on the south side of the evaporator cell. A sample
pallery 12 x 25 x 9 £t high will be located on the north side. “he
cells will have roof slabs opening under a containment cover 10 It aiga.

This area vill be provided with a 20~ton gantry crane for rewmoving roof

G

-

slebs and equipment. An air-cocled neat exchanger for tie ciosed-cycle
cocling water will be located south of the building.

Leyouts of the waste collection system are shown in Fige. 3, &, snd
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3.2 Hizh-Level Tankage

gince it is not possible to predict with assurance either the

characteristics or rate of production of future high-level wastes at

the Laboratory, decisions on such matters as tank capacity, material

of construction, and cooiing reguirements must be based primarily

on general considerations. It is expected that these wastes will be

in the form of nitric acid solutions and can contain a thousand or more
curies of mixed fission products, or the equivalent, per gallon. Ixisting
concrete tanks are limited to storage of only very modest amounts of
activity because of their poor thermal characteristics. Juryl has estimated
that these tanks can effectively dissipate by conduction about 17,000 Btu/hr/
tank when all six tanks are full and their contents at their boiling point.
This is equivalent to 0.1 Btu/hr/gal, or about 10 curies/gal of mixed
fission products. The new tankage must contain all wastes of higher
radiation levels than this.

A decision of how much storage capacity to install based on predicted
requirenents at ORNL is difficult to make at present, but a choice based
on an economic analysis of capacity vs cost per gallon provides a sound
basis for selecting the minimum size tank that should be built. It was
decided that two tanks should be installed to provide one empty standby
at all times. Figure 6 shows the variation in the unit cost of installed
stainless steel tanks in $/gal} with total tank capacity over the range
15,000 to 100,000 gallons. Although the curve does not pass tarough a
minimum, it is apparent that the region of greatest economy is that
for tanks of 50,000 gal capacity and greater. This can be seen even
more clearly from a plot of the slope of this curve against capacity
(Fig. 7). It was concluded that two tanks of 50,000 gallons capacity
eacn wvere the smallest that could be built and yet be economically
justified. A summary of the cost factors used in this analysis is
given in the Appendix, Table A-l.

Stainless steel {type 304L)has been specified as the material of
construction for the waste tanks. The alternative of using mild steel
tanks and neutralizing the wastes before siorage was considered but
decided against. Neutralization of the wastes would result in a volume

increase of aboul 30%; mild steel tanks would therefore need to be larger
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“oosnndle wie same guantity of waste as shtainless steel taniks.

ra

qeusenlization of the wastes would result in the formatlon of consl

sludge, thereby complicating the problem of keeping the

wstes cool. IF mild steel tenks were used, therefore, either o much

mose claborate cooling syotem would hove to be installed or the use of

the woste tank facility would have to be restricied to wasies ol o lower
eciiic activity. It waes concluded that thoe cost of the reguired

additional capacity and the more complex coollng system would nullilfy

the cost adventage of mild steel.

Three dlfferent desipgn configurations were consldered for the waste
tanks: {l} vertical cylinders with an epproximate diemeter of 30 It and a

izht side height of 10 ft encased in a concrete vault, (2) horizontal

linders wilth on approximate diameter of 10 Tt and & length of 55 i

encaged in o concrete veult, (3) horizontal cylinders with comcentri

tainless steel containment jackets and earth shielding. These coni:

t)

tions ave shown in Fig. 0. A preliminery cost estimate gave cosis of

OCU, 213,000 and $260,000, respectively. The use of mounced eartn

can reduce the thickness of side shielding required for configuvrusions (l)
e

and (2) and reduce these costs. A breakdown in these

in e Appendix, Table A-2. The configuration of horizontal cylinders in a
conzrete vault wog chosen for this design on the basis of these estim
other considerations. First, the horizontal tanks can be shop-i

wnich in construction for this nazardous service is & definite ad

Also, lhe woste golution can ve more easily cooled in the horiso

than in the vertlcal tenks because of thelr greater

Finally, the total vertical heipght of the horizontsl

tnan the egquivalent dinension of the vertilcal tanks, thereby esm.

N

shielding problem somewhat.
3.3 Bvaporaior

.

Yhe evaporator will have a design capacity of OGO pal/ur and will be

operated on a semi-bateh basis. The main use of the evaporatcr will be

to concentrate latermediate~level wastes that are currently being collected
at the concrete tank farm and subsequently being released to the wosie
disposal trenches. These wastes will have a specific actlivity of belween

-

5 curies/gal and 1077 curies/gal. The chemical composition will vory butb
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is expected to be approximately 0.3 i NaNO3, 0.2 I NaOH solution. iign-
level acidi: waste solutions can also be concentrated in the evaporator
up to 2800 curies/gal.

Loboratory boil-down tests have been made on both actual and synthetic
waste soluticns. The tests on the actual waste solution indicated that a
volume reduction of L0 to 1 was obtainable. The tests on the synthetic
waste solution indicated that a volume reduction of 20 to 1 could be
achieved, but that large guantities of solids would precipitate when the
solution was cooled; a volume reduction of 16 to 1 was recommended.® At
this concentration the specific gravity of the solution is 1..45, the boiling
point is 23&OF. The physical properties of this sclution measured over a
range of concentrations is given in the Appendix.

Since previous experience with this stream using the original ORNL
waste evaporator showed that foaming was, at times, a severe problem,3 a
study was macdce by an MIT Practice School group on the relative suitability
of two types of evaporators for use on intermediaste-level wastes. An
evaporator with an internmal coil and an evaporator with an external stean
chest were the two types tested. A synthetic solution approximating the
average analysis of the waste solution was used fbr the evaporator feed.

A volume reduction of 17 was achieved with the external steam chest type

in an extended run with no indication that a Turther volume reduction would
not be possible. The over-all neat transfer coefficient declined by 60%
during the course of the run. Over-all heat transfer coefficients with

the internal coils were about twice those with the external tube chest.

No foaming or scaling was oObserved with either evaporator type.

Approximate evaporator prices were obtained from fabricators for
three iypes of evaporators: a vapcr compressicn evaporatcr, a natural
circulation evaporator with an external tube bundie, and a natural
circulation evaporator with an internal steam chest. 4The capacity in
each case was about L0O gal/hr. The estimated costs were $77,000 for
the vapor compression evaporator, $22,500 for the evaporator with the
external tube bundle, and $9,000 Tor the evaporator with the internal
steam cnest. Tor concentrating solutions with a high boiling point rise,
a vapor compression evaporstor must either have an coversize compressor

or be limited in the concentration cbtainable. This factor and tue



hich cosl of the vapor compressor type of evaporator led to the dropping
of this type from consideration. The chief advantage ol tne cvaperator
with the external tube bundle is the greater accessibility of the heating
suriace for descaling. This advantage is a dubious one for tnis applica-
tion, however, since mechanical descaling would hardly be atteuped on on
evaporator handling highly radiocactive sclutions and since scaling does
not seem 4o be a major problem with intermediate-level wastes znyway.

For these reasons, this type of evaporator was not considered furtiner.

The evaporator with the internal steam chest suffers from tiie Gisadvantage
shnared with the other two types - that the many welds required in the tube
sheet will offer many opportunities for leaks to develop, and a single
major leak will necessitate the replacement of the evaporator. TFor this
reason the evaporator with an internal steam chest was dropped froa
consideration in favor of an evaporator with several submerged coils.

Tnis type of evaporator would have a greater freedom from leoxs than the
other types considered and should be little if any more expensive than the
internal steam chest type. The cost is estimated to be in the 45,000~

512,000 renge.

L,0 WASTE TANK DETAILS

4,1 Cooling

Because tne corrosion of stainless steel by acidic waste solutioans
is an order of magnitude less rapid at environmental temperatures thin it
is near its boiling point (several hundredths of a mil/month v5 several
tenths or a mil/month), it will be necessary to cool the tanks to meintain
the walls at or below 130CF. The primary cooling system will consist of
a set of stainless steel coils welded to the outside of the taniz, The
secondary system will consist of a set of titanium coils inside the
tank and a standby condenser Tor emergency use if the primary system for
either tank should faill.

The expected maximum heat load of 116,000 Btu/hr occurs wien toe
waste tank is filled with waste wita a specific activity of 700 curies/gal
wihen charged. This heat load can easlly be removed with the external
cooling system only. At higher heat loads (up to about 10G,C00 Btu/ar)
the external cooling system will continue to keep the walls of the tank
below 130°F. lleat transfer in the sludge at the bottom of the itank is

poor, however, zond at these larger heat loads the heat generated in the
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sludee will not transfer to the walls rapidly enougi to prevent local
overnenting in the sludge. VWaen thls overheating becomes severe enough,
buriping ond spattering of the wastes will result. The function of the
internal cooling coil is to remove the excess heat generated in the sludge,
thereby preventing bumping and spattering. Calculations indicate that
witii both the internal and external coolinz coils in use a maximum aeat
load of 40,000 Btu/hr can be handled.

The primary cooling system will consist of lengths of 1—1/2 in. pipe
velded to the oubside of the tank. Because the pipes carrying the cooling
water do not come in direct contact with the waste solution no possibility
of contamination exists and a closed cyecle cocling water system will not
be necessary for containment. The cooling water pipes should be attached
at approximstely 12-in. intervals on the bottom of the tenk where the heat
load would be hign because of precipitated fission products and heat transier
would be inhibited by any sludge that would be present. Along tnhe sides
of %he tank the pipes could be spaced at 18-in. intervals. A total of 19
lengths of pipe (~1900 ft) would be required, 9 lengths on the botiom and
5 on eacih side (see Fig. 9).

The internal coils will consist of a stagpgered arrangement of lwl/e-in.
pipes at about 1 &t from the bottom of the tank and 1 £t apart. A totel
pipe length of about 650 Tt is required. A maximum of about CO,000 Btu/hr
of heat could be removed from a layer of sludge by these colls. Since tnese
coils will not be needed unless unexpectedly hipgh heat loads are encountered,
the coil will not be initially connected to a source of cooling water; the
ends of tihe colls will be brougiht outside the tank and capped ofT.

Tailure of ihe cooling water service will lead to a teaperature rise
in the waste tank of at most 1°F/ar for a heat load of 480,000 Btu/ar.

Yhe actual rote of temperature rise will be reduced considerably by the
amount of heat removed with the cell off-gas; at least four days and
probably many nore will be required for the tank contents to rveach the
boiling point. Should bolling occur before the cooling water system has
been repaired, the vapors pgenerated will be condensed in a stond-by reflux
condenser and returned to the waste tank.

Some conslderation was given to an altemrnste cooling systen using
pentane. In this system several Jacket segments or "blisters” would be

welded to the outside of the waste tank. These blisters weould bz connecled



-18- ORNL-LR-DwG: 57118
UNCLASSIFIRD

-

O
e
N [ 7 B
. o _}Q'
A\
o,
P A
s
-5 O
o P H—
O — ]
J T

%ig. 9. Arrangement of Internal and External Cooling Coils for High Level Waste Tanks.



-16-

1o air-cooled condensers above the tank and charged with uentane. Ileat
generated by waste solutiam in the tank would be dlssipaled to the pentane
in the blisters., The pentane would boil, be condensed in the condenser
above the tank, and returned to the blister. The temperature of the
system would be kept at the boliling point of pentane (QYOF?; zn increase
in the quentity of heat generated would increase the pentane boilup rate,
but not the temperature. The pentane in the gystem would be replaced
periodically (once a month) to prevent by-products of pentane irradiation
from gecumulating. The pentane system has the advantages of high heat
transfer coefficients and the ability to adjust automatically to varying
neat loads. The system has not been used in any application dealing with
radicactivity, however, and there was considerable reluctance to depend
on en untested system for long-term service., The idea of the pentane:
system was accordingly dropped.

[ .

4.2 Tank Auxiliaries

Spargers will be installed in each waste tank at about S-it intervals
for a total of about § spargers per tank. These spargers will be sized
tc handle a flow of up to 10 cfm per sparger. Under normal operating
conditions there will be a flow of 2 cfm into one sparger at eacn end of
the waste tank. This flow will be sufficient to dilute and sweep out
the radiolytic hydrogen from tie waste tank. The off-gas will be withdrawn
from near ithe top of the access pipe. On those occasions when access to
the waste tanks is necessary, a sweep of air down the access plpe will be
required to prevent gas-borme activity from being carried out, A flow
of ~100 cfm will be required. For this case, the flow will be down thne
pipe and out a large off-gas line located on top of the waste tank near
the access pipe. On those rare cccasions when thorough agitation cf the
contents of a waste tank is necessary (because of impending transfer of its
contents) a flow of 10 efm will be put through each sparger simulterneously.
This large flow of off-gas will be withdrawn through the large off-gas
line, with a small side flow through the access pipe.

Imergency access to each waste tank will be provided by & 1i-in.-pipe

‘riger from the middle of the top of each waste tank to a flange in the
rocf shield. A removable rocf plug will be installed Just above the lange.
A spray head will be installed Just inside the access pipe so that local

contamination can be washed down Just prior to opening the hatch.



) -

Jets and piping will be installed so that waste solution can be
transferred directly from one waste tank to another. Also, solution
Irom the sump of one waste tank pit can be transferred to the other
waste toenk. DBxtra Jets and nogzzles will be installed on each waste
tank for possible future need.

Provision will be made to sample each waste tank and the sump of
the waste tank pit.

Instrumentation will include level, density, temperature, and

pressure measuring devices.
5.0 LVAPORATOR DETAILS

5.1 DLveaporator and Evaporator Feed Tank

The intermediate-level waste evaporator and the evaporator feed tank
will occupy the same cell. The probable inside cell dimensions will be
14 ft wide, 36 ft long, and 20 ft deep. Shielding equivalent to 5 ft
ol concrete will be provided, A stainless steel liner will be installed
on the bottom of the cell and will extend approximately I Tt up the sildes,
enourh to contain the contents of either the feed tank or the evaporator
if a rupture should occur.

It is expected that the evaporator cell will be installed in the
excavation oripginally intended for Building 2527. The depth of this
excavation i1s such (~ 17 ft in spots) that the evaporator cell will be
mostly underground; the bottom of the roof plugs will be about ground
level. These roof plugs will be removable to allow access to the cell
for major vepalrs.

The feed tank will be approximately 10 £t in diameter by 12 ft high
with a 600C-gallon operating capacity. It will serve both as a feed tank
for the evaporater and as a diversion tenk for distributing the higa-level
vaste solution between the two waste tenks., Since collection tanks for
high~level waste solutions are alreacdy in existence, trensfers to the high-level
waste system can be made in large batches with long intervals between batches.
These transfers can be made while the evaporator is shut down between runs;
hence there should be little conflict between the two functions thot the
evaporator feed tank is designed to accomplish. Transfer frow the feed

tank will be by nmeans of steam Jets.
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A coil will be welded to the outside of the feed teank so that the
temperature of the waste solution in the tank can be kept suitably low
(~120°F) and so the tank can be heated for decontamination. With the
coils welded to the outside of the tank a leak in a colil will not provide
a path for the escape of waste solution outside the cell; hence no secondary
cooling system will be needed. Ninety-thousand Btu/hr is the probable
maximum heat level that will have to be removed from the tank, Horizontal
coils of l-l/2~in. pipes spaced at 18-in. intervals will suffice.

A sparger will be installed to permit agitation of the tank prior to
sampling or emptying. An air flow rate of 25 cfm will provide good agita~
tion. The system will be sized to handle this flow rate although lesser
flow rates will probably be adequate for most requirements.

Instrumentation will include level and density measurements, pressure,
and temperature.

Other connections to the feed tank will include a vent connection to
the vessel off-gas system'and an addition line for reagent addition.

The evaporator will be made of 304L stainless steel and will be
about 10 't in diameter by 12 ft high. Internal steam coils with a heat
transfer area of about 600 sq £t will be used, and a steam coil will be
provided in the vapor phase to break foam. The evaporator will be opersted
on a semi~batch basis. At the beginning of a run the evaporator will be
charged with about 2200 gallons of waste solution from the concrete tanks.
During the run fresh waste solution will be added at the sams rate as
vapor is withdrawn overhead. The scluticon in the botitom of the evaporator
will therefore gradually become more ccncentrated until the point is
reached at which further concentration is no longer feasible, prcbably
at a concentration factor of between 10-to-1 to 15~tc-l. At this point
the evaporator will be shut down and the concentrated waste solution will
be cooled and then transferred either back to the concrete waste tanks (if
the specific activity is less than 5 curies/gal) ¢r to elther of the two
stainless steel waste tanks (if the specific activity is greater then
5 curies/gal).’ The length of a run will be about 40 hours.

The concentrated evaporator bottoms will be transferred by a submerged
steam Jjet. A type of Jet specifically designed to handle sewage and sludge
will be used. It will be necessary to cool the concentrated evaporaltor
bottoms to about 190°F prior to Jjetting; this will be done by circulating

cooling water through the steam coils. There will be no bottom opening



i the evaporator. The evaporator will not be designed for tne removal

aad replacement of a coil in the event of a leak. There will be six

seperate coile provided so that in the event of a leak in one coil that
parcicular coil can be shut off without seriously reducing the capacity
of the evaporator. If further leaks develop and other ccils must be
shut off, the entire evaporator vessel will be replaced.

A egparger vwill be instelled to permit agitation of the tank prior
to sampling or emptylng. An air flow rate of 25 cfm will provide good
agitation; the system will be sized to handle this flow rate although
ilesser flow rates will probably be adequate for most requirements.

The evaporator heat load will be approximately 6,000,000 Btu/hr.

Instrumentattion will include level and density measurements, pressure
and temperature. A device tc indicate foam level will also be installed;
this cevice will probably be a multi-point conductivity prcbe, since such
o device has worked well in the past.

5.2 Foam Breaker

As a mezns of control of foaming in the evaporator, should it occur,
a high-pressure steam coll will be provided within the vapor space above
the boiling liquid., It is expected that this coil will be composed cI

approximately &0 £t of 1l-in. pipe bent in the form of a spiral (Fig. 10).

5.3 De-entrainer

Tae function of the de-entrainer is 1o remo%e the large entrained
1iquid drouplets, thereby reducing the quantity of radicactive particles
that reacn the ilter and simplifying maintenance on the filter and related
eguipment.

The de~entrainer will be mounted Just above the evaporator and will be
of the impingement type (Fig. 11, Ref. 5). Vapor leaving the evaporator
will undergs two abrupt changes of direction at high velocity; tiuds will
remove entrained particles that are larger in diameter than akout & microns.
The de-entrainer will be about 36 inches in diameter. The expected pressure
drop will be 5 inches of water,

5.4 Filter

The function of the fiiter is tc remove the micron and submicron sized

entroined liquid droplets from the vapor stream. The filter will be mounted

outside the evaporator cubicle and will consist c¢f a thilck bed of Yorkmesh

(SN

made {rom swmall dlameler wire. It will be similar o the Tiller uscd by
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Fig. 10. Steam Coil Foam Breaker for Evaporator.
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Yl on thelr low-level waste evaporator. The Tilter bed will be approximately
4 in diameter and 3 1t thick and made of stainless steel mesn. Wals mesh
will be mede of 0.0045-in. wire packed to a density of 15 1b per cu ft. From

results obtained with the BNL filter, a Tfilter decontamination factor of
epproximately 1000 1s expected. Heat losses from the filter assembly should
be great enough to condense a small fraction (1 to 2%) of the vapor flowing
through it, thereby providing a continuous washdown of the mesh and prevent-
ing any bulildup of solids. The filter assembly will be designed for easy
replacement of the mesh. The expected pressure drop is 15 in. of water.
5.4 Condenser

The condenser will be sized for a heat load of 5 x 106 Btu/hr. Such
a heat load will require a considerable quantity of cooling water and,
rather than overload the plant process water system, a recirculating
cooling water system will be used. This will consist of a T00-gal surge
tank, a 350-gal/min pump, with a spare, and an alir-cooled heat exchanger.
Tae heat exchanger will be approximately 12 ft x 13 ft x 10 ft high. The

recirculating system will not require shielding.

v}
-
[a]

- ) I PR
5.4 Catch Tan

¢

Condensate from the condenser will be collected in the 30C-zal catch
tank and from there will normally drain to the process water drain. A
monitor will measure the activity of the condensate going to the catch
tank and, if tais activity exceeds a pre-set value (10-2 curies/gal) will
actuate an alarm and close a valve in the process water drain line. The
catch tank will then be drained back to the evaporator until the upset
that caused the high condensate activity level has been corrected.

When high-level waste is being evaporated, the condensate will contain
too rmen activity to be discharged to the process water drain even under
the best of conditions (a d.f. of 107). 1In this case the condensate will

be jetted to the concrete waste tanks.

6.0 OFF-GAS SYSTEM
6.1 Vessel Off-gas System

The vessel off-gas will normally consist of a 1 c¢im flow from the
evaporator feed tank, a 1 cim flow from the evaporator condenser, a 1 cfn

Nk

filow Irom the condensate catcn tank, and a 4 cfm flow from each of the
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two waste tanks with a total pressure drop of 2L in. HQO. The flow frcm

whe waste tanks can be much higher upon occasion--up t¢ a maximum of 160 cfm
Prom one vank with a AP of about 5 in. H20° The off-zas flows from these
various sources will be combined and sent through a scrubber, a small heater
(to reduce relative humidity and prevent condensation in the Tilter), and a
100¢% RH sbsolute filter or equivalent efficiency deep-bed Hanford-type filter,
and discharged into the plant off-gas system.

The condenser will be sized to condense all vapor from a waste tank
should a failure of the cooling system occur and the tank contents bvoil.
This load is assumed to be 450,000 Btu/hr, but would probably be considerably
less. With a AT of 50°F and a U of 100, a surface area of ~100 £12 will be
reguired. ©Since the condenser is intended for emergency use only, it will
net nermally be operated.

‘he scrubber will consist of a packed column 7 ft high and 12 in, in
diameter with a counter-current flow of caustic solution. The liquid flow
rate would be ~ 10 gal/min. A liquid storage tank of about 150 gal capacity
would be required.

The neater will he sized to heat the air leaving the scrubder about
SOF and thereby reduce the relative humidity to about 85%. A stean
Jacket on a 3-ft length of pipe will suffice.

An absolute filter capable of handling 150 scfm will be installied. 1In
normal operation the filters will be changed before the level of activity
becomes high encugh to make direct maintenance infeasible. The filters
will be installed behind shielding, however, in case a surge oi activity
should occur and the filters should become quite hot.

The vessel off-gas will be tied into the 303% VOG system near Bu_lding
3505.

6.2 Cell Off-Gas

The cell ventilation exhaust will be sent through absolute filters pre-

ceded by AAF FG-25-50 prefilters to the off-gas neader near Building 32205.

2

N

The approximate flows through the various cells will be as follows: S00 cim
for the evaporator cell, 2600 cfm for the waste tank cell, 250 cin for the
condenser cell, and 250 cfm for the vessel off-gas treatment area. In general,
flow will be from non=-radiocactive to potentially radioactive to known radic-

active areas. The flows will be regulated to maintain ~3/M-in. of water
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negative pressure in the cells and ~0.1-in. of water in the secondary
containment zone. This system will be tied in to the 3039 cell ventilation

exhaust system near Building 3505.

7.0 SAMPLING
A Thorex sampler system, modified to provide mechanical movement
of sample bottle, will be installed in the sample gallery. This station
will include positions for fifteen sampling points of which eleven will
initially be connected. The carrier loading station will be designed
to transfer the sample bottles to a shielded carrier using a viewing window

and ball joint manipulator.
8.0 COST ESTIMATE

The capital cost of the evaporator and storage tank installation

has been estimated as follows:

Evaporator Cell and Building $172,000
Services 24,000
Equipment 140,000
High-Level Storage Tanks w/Equipment 324,000
Off-gas System 90, 000
Subtotal $750,000
Construction Overhead $220, 000
Engineering 145,000
Contingency 111,000
Total $1,226,000

The cost of evaporator and waste farm operation is estimated as

follows:
Steam* {140,000 1bs/day, 300 days/yr) $ 33,600
b MY Operators 100,000

$133,600

#*Based on 80% steam efficiency, $0.80 per 1000 1bs of steam cast.,

HOW:JOB:WGS/nr
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Table A-1. Installed Costs of High-level Waste Tanks of Various Capacities in Concrete Cells

Capacity Dimensions (ft) Vol. Concrete lCOSt (§) > .
(gal) A N (cu. yd) Concrete Tank Fixed Total $/eal
15,000 20 8 266 53,200 36, 500 200, 000 289,700 19.30
25,000 25 8 34k 68, 800 52, 500 200,000 321,300 12.8
50,000 35 10 563 112,600 85,000 200,000 397,600  7.95
75,000 35 14 639 137,800 113,000 200, 000 450, 800 6.00
100, 000 Lo 12 T1h 142, 800 138,000 200,000 430, 800 L.81

lBased on $85,000 estimate for a 50,000-gal stainless steel tank by Chicago Bridge and Iron, and

assumes cost varies to 0.7 power with capacity.

2Fixed costs for the purposes of this study include off-gas system, cooling system, emergency
reflux condenser, piping, sampling, instrumentation, and engineering.

‘OE"
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Table A-2. Estimated Costs of Alternate Waste Tank Designs

Alternate 1

Concrete; 1230 cu yds at $15/cu yax $1h41, 500
Tanks and Pans; 2 at $67,000 each 13%,000

$275, 500

Alternate 2

Concrete: 1226 cu yds at $100/cu yd $122, 600
Tanks: 2 at $50,000 each 100, 000
Stainless Steel Pan: 2572 f£t° at $8/£t2 20, 000

$2l2, 600

Alternate 3

Tanks: 2 at $130,000 each $260, 000
Extra Backfill: 1538 cu yd at $5/cu yd 7, 700
$267, 700

¥Higher concrete cost per cu yd because of longer roof span.
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Teble A-3, Evaporation of Synthetic Intermediate-Level ?@ste*g

Vol. Reduction

Specific Gravity at

¢ Factor 950¢ 700¢ 26°¢ Room Temperature

5 - - 0.61 1.18 1.0357
10 -- -- 0.67 1.27 1.0413
15 - -- 0.65 1.21 1.0439
25 - - 0.0k 1.17 1.0489
3745 - - 0.8k 1.21 1.0592
50 2:1 -- 0.81 1.17 1.0734
5 HESH - 0.96 1.4k 1.1364
80 5:1 0.86 1.02 1.61 1.1758
o5 6.6:1 0.097 0.99 1.90 1.2323
S0 10:1 - 1.32 2.90 1.3355
2.5 13.3:1 T - 1.76 5.50 1.k036
g5 20.1 2.70 -- -- -

*This waste initially had the composition: 12.83 g/liter‘Na+, 0.475

g/liter 2172, 0.377 g/liter WY, 29.0 g/liter NO3,

3.34 ¢/ 1iter 80y,

0.225 g/liter €17, and 3.4 g/liter OH ,
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Fig. A~1. Variation in heat evolution with decay time for
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Assume: () Solids in e high lovel weste will be 15% b:& volome
@ 715% of He fistion Praduﬁ*s will be with The solids
(3) There is no heal $ransfen comvection in the uelids

(.“f) K for QOQAUC*to'n n so\\‘ég ¢ 0.3 GTH/]“. -H'-°F /Ff

Mu(;l voluwe s S0,000 aﬂ!f ( _’?:-:ité 3“/@‘3)(0“5) s 16000 £t

Avsune tonX s 10" 1.0 s 108/ lew

Lo
Muc\ ){*‘50(.‘!(_‘\1\‘3‘ Tves = /000 - l?.s Ht
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-
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¢ \\.
f/ \‘\ Mud  x- c~3echmw\ evep .
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i
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3 1 18321 H.2
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CA&)E _.{. - Telsl hesd epovetion - 120, Qoo Wm/l\,.v
90/ oot BT /‘w i 'mua
30, [laR 31“/“‘? ™ S0 fu *0071

HQ‘Q} vemowal fvomv solution -

Theve wve :}"1.‘ PIPee on esch oide of the Hank belween He
lewels of the mod and the top of the hé‘ vid.  Assume ((Oilﬁ@r“%*‘\\d?t-‘)
Hhat Thewe is wo heot condueled along the {onk wall, that omly, He ‘}en".

Sovlce \'mmedn‘e\\ a\“acen‘\ Yo 2 <ol sevves for heet trausfer.

| ces + 19 1ne
\:\::\:7 T"‘WD i a'a$0\he_4 Rfa! A ed Ti— (faeb g)( 8 ‘0|‘3 )
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h (weler side) # |1So Bm/l'ﬂ“ @ - °F (= '&svnm&)
L. 130 ,
L 313 4 .45 Qg Y

h (solobion side ) =
ﬁ'tsm Qq (7- q a) ;h Mc Adavws

el o] L.,&;“Aﬁ*&" (%ﬁ)‘} .

K¢
Me s OIS e - 182 Yy,
K = 0.36 o™/ ¢ -oF /£t
Ros s . +0lk20 - .0le1Z
._IZ.__:,.I‘.—— ) <0 N‘ - 0.000217 /°F'
i N YK _
2. . . .
he - 003 (0.36) [?Qs(?:.i?wo“)(wm 2167 )( 247 wo“)(&})(s‘o(,)} s
¢ 2.3
. Ih
= Q13 (0‘391 17 % /0" AfJ
G
3%.1 of /5
Assuwe  coo hineg  wetes el 70°F
AT be»*we@“ wde-« c‘:’\'\é Sc:-‘u}%“mx ”‘.}uiu .,{ Luan 5 ’5@,(}(‘22 i
. 023 ")
: A.3F rée " 53y
AT be*u;een wa“ ?m:l 5::‘\: ‘t'on 30,000
=l
12 , s
M . 592 3 (2.1047)

& *+ 2.8 °F
Ovecall ay - 6.1 °F

This shows Hat solotion neer The u);xl] will be QA@?\:‘D}E?[\\& conled.

.H' vewmeing +o be “&"\0&07‘\ N“‘\e% COV\\mL‘GO\-x C.uvwen\:, wo“ ‘}vav\’&gﬂtv \hGa“‘ {rom
nezwr 'ﬂ\e C.eh‘\e.v O{' “ﬂ\e *an "‘O ﬂhe 00“‘3 wans
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m cewnter

APBQ«\E + AP uen‘ev r (/D. 701) }1
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AP baifle = ‘Qiﬁ GL M‘Aq}emé e? ((c -6 9)
z; itﬁ
Z, : cleviance = Q2§
G - 3‘%55 : "a'l‘:“,‘é' whevre W */,\r ﬁowis\3

Ap - 12 (1.¥2)(WAio)S)
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b 10"
f‘g ‘7@
tl s %o neeav ‘h 'ﬂ\:‘ 7‘\9 Q.?ut*l'ov\ c.‘avmo“ be $o|veA. This {hdtwf'es
'ﬂv\;‘f cm'w@c_“cn c.uwen*a w‘t" KeeP ﬂ\e soiuhcm ﬂ'} ® ’ne?v\:& un((cﬂm
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iemrmrdme., even 2t much }n'&\er hest loads.

Hea“ 'remcwa\ fvom ‘moé‘.

Theve 2ve 9 Pq'Pes welded o the lowe

) - '"*' hf } o‘ "“\e. 'hnk. TaXe By ﬂw wms‘ Cs¢
sl |
'ﬁ’\e bbﬂemmos* PtFe P‘Pas Arm $F><c4

4
¥

o s\sdaes 2 QV"; p-%-Y aek wzll *QW\PQ'a‘U'Q

t»oo\c! be. Q).M)\"b rom F'F-e m»d,oom“‘.

De\oﬂx of wud above bollom + 1.8 feed

Solvhon above wmud will ba st 76°F, beflom wall will be about the
Same. [heve fmg' abeut A e heyd Fvoducecj i He mud is 3'“" up to The
solubion and sbout Y2 iy given up o the boltom,

Gicta) * 90,000 BW/h

hest 4o bollom - 48, oco ®™/k

Yniafac;a" femPEVQ‘uve n Mud: - 48,600 '3“%‘ r 0.3 (62%;1/05 )( 1"7‘)
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't - 76 3 45,c00 (.‘4\5) > 80.6
G3)(B8yo)

t = 156°F

Heet 3@\&*»*@3 m mud between miJPo{n‘| and beollem over owne of the
omit  2vess (i"! ') shewn abeve:
Heat %enev:*ul/ﬁ3 s 90,000 BW/‘« - S0 BW/» - {1’
/000 ,
Heat aqnen’\ea per onil volowe 90 (75 rla .'.9)

2 (o765 BW/h
I is sesumed thad the Jemperatuve vaviobion of the fenk lboflom 15
2wmal| comrvvee\. to The onvevall t, then the c,u?n‘“‘ of hest vemoved b
eaclh se%meni of the tenk botlwm will be e teme ond will be ~ 615 Bl‘%,

1 b W] ] K

O

Heat flbw between &&meq‘s S+6 : 673 G"%' ¢ %S-(l% '%.?)( *t."t&)

Heet flw belwens %e&me_\\"s S«+4 - 138 5"‘-'/1“ . 3.39 (ts.h)
Hel fbu between seqmenls 443+ 20.28 &/~ 3.29 (H4-h)
Hest flow belween s:»:smnh 342 - B | QTV/A. . 3.39() --l:)
Heol flow belueen  seqments 241 + 33,95 ™/ .+ 3.39(4,-1)

-7 . 45,000 8T /hy

s BOI°F
-I-Lr..'. (-'.33-, !OS¢9)
50 7 2%% 12
1, + 713°F

+, + ®3°
“'3 «» 91
+ + 97°
ig + l0I*
4 -+ (03
Since This ‘leNPerifuwe varizhion is not crest compured to fhe ovesal|
IS8 L93°], meve exueh celevlation seems Unnecessery.

Summml for dclal hest %eneva*fen + 120,000 am/&v:

Heal vemoved fvom solubion 30,000 4 45,000 . 75'0003?%
Catlubtion loemaocatove . ~ FO°F
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s+ 45,000 °W/h
v 103 °F
s 156°F

Heal vemoved from bollem wall
Mawmmom  wall e mpera Yuve
Mas primum mu& "emreva*utﬁ

CASE I - Tolal heod e\\eva*l‘bn +« HOO 000 BW/L,
300,000 8TW/he n  wmud
loo, 000 B8¥/hr i solution

Coleolations of Cge I have indicated that ¢
intermal coile will be meeded to vemove herd from wmud for caze I

"oolu“n'cm femfn:va’}uve wi” be Un‘ufovm
A wnsidevable uon{dl of hest will be vewdve«l from The mod \03

'n\e %lo‘ao\_

This aves Nozes heat / mod levet

*& SQlu*‘lM

This 2ves loses hest
to eils

This 3ves Joses heat

) fo balow
. (3.5 ") &y Xros')

Arrm;ina*e velome 'a.‘)in3 hesl o 56'0*:65\'
uy
v A1 Y e ft

Averovimal h l ‘u*l’ « 2
pproximate vol loss fo se on ,3‘_30 (300,000) - L4200 ﬂm/g“,

Aﬂ»o;im:fc woluwme '0'5{“3 hea b to . (oil:; . iﬁis.(s(:* qg")(}’os)
Ty |
'4 } L} LAT) “'

Arf:vom'ma‘e )\ea* leba fo cml.s v l:ol: (3°°’°°0) s 'thlog Gm/&‘
Aﬁ;rox{m:{e wlome loing heel %o boflm . /000 =44 -1y » 372l

Aﬂaro{\maﬁ heat loss 'k \Ooucm » 300 000 - b4,200 - 124,200

. s i, {ooo ary /"
DGPT"\ Q{ muJ fmm wk{cl\ " be"“ lo 5* "0 \)oﬂom

& ! ___L . . ‘ ’
/0§ ( ma) : Oy ft 4.€ wmches
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He:'l Yemouv\ {"mm bo"om B

As before, the ‘oolommosd p'pe fe deken.

Head t‘eneva‘a:' " ser-me.n+ '" v |H 5. J‘OP
: (;'5 a oy gé(eoo “TU,\“HS) r 104 '3“’/1\,

e | |k ts | b

+|
Hest flow between $!rx‘nen‘s Sale 10.4 B"‘A, . %5-90 ] '2,!5? )G(_Js\)
Hesd (low belween ‘5o&men sk 4+§ . 20.% “’”/{. « 3.39 (-la - 4“)
Heat  flow, helween S&lvne.nk 3+ - 31.2 e‘tu/‘“ « 339 (fq - *3)
Heol flow \m‘weon sejvﬁenls 243 e 4. 6 B'ﬂ»ﬁ, » 3.39 ("3 - 4:)

Heal flow belween 5@:{"\&\\‘5 24| » S22 N/ o+ 329 (h-‘f.)

370 /L.
Lb-70 - N‘I) (0O "q/l\ - . 7.L3°F

T (fReresed)
IS0 294

L = 78°F

and

2 = 3.4

13 + 1057

ty o149

ts 1)

te - 142 This s sohill below be 130° )emfgya‘uve'wk\ih is the

Mmoyimum desivable wall hmr\‘!‘lv'e-

HQe" Ye\mova\ \)\& Cbt‘&'.

Hest vemeved h& I  of coil : 'Q_;'-—-ﬁ%o-) . 169 B?u/;w,

Meximuw disisnce from ceill 1o wnesoled mud € b rneles

Mahmum mud "ereva‘me:

Q L ‘-01 Lo T . <T,
nt |2 vt “?.] : K (-7

deare - (oY . _
aw [Q e %11%] r 03 (7 - 70)

T. = jJlu =2 °F



He\" YemOW\ (vom bo‘u*uon:

Q : 64,200 T/

(33A° —

i
ise —S%H)

9¢
[

A"' bo‘we.en uua“ev ané so\u‘t'em ‘!u.clc b€ w:ll H IQQ,QOO__‘
s 12.6°F
&t belween wall and sclobion . 164,200 y
. 123 (88.1)a1 >
A% . 32.3%
at + 13.6°F

ovecail ad s QG.Q‘F
solution femfeva‘uve " ci(oaQ.F

Summavl for folal heat %enevohcm » {4oo,000 B""’/Iw':
Hest vemoved from selulion » 164, 200 m"‘/lw.
Solution {em?evduwﬁ' = ~ Q°F

Hest vewoved from belom wall N, 600 ®tu/i.
MB%‘MQW\ we“ "QVMP evafuwg . IQ\* oF
Meximum wud  tem per 2live =2~ |BY°F

Heat reweoved §rom coil e 124, 200 ®W/i.
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I, Misee lloneous

H\\}&lvoqe“ Qvolu{son ™ wés‘e *ea\\(

Aosowme Tewk containa 50,000 5\°‘ of waste solotion Tha f.\lqnewdas
4%0,000 &w/l, of hest

So!uh‘m\ 3&*;"“& * qﬁ'OQOO() (5;;!5“310 ,_“,)(Q'QS:ID"&/A“ .kw>

2 8.78 x10" ev s,

A‘bsu\wxe G V?l\:t ‘ov “QJ‘Q'QV\ Q\.olu‘w‘u T Q" ”‘°"W"5/£00ev

\

Ra*a of ene t\u')h v 1 Da. e } -3
™ (878 10 A Yo mleless | N trges) - uS 110 .

1,45 v10°3 (22.4 ';i‘”‘)(&oo)(a;’;au/ﬁ,) s 413 ‘*Z.
I'F l\ﬁévoien i '*o bt d;‘\:*eé "}o an

L]

off %‘as flow z 4.3 (_L_) . 344 cfwm
02 \Go *
Off - @S, Surubber
Des, g&n b;g(s : 16560 cfm of Of{ - &?5 [,{”“cm

Recommended flow i Scrvbber = S00O *Av -ft?

Gay c{e“sd«\\ > 0.0‘&OS’(Q‘QQ . 0.0737 "/Ha

J4O
X-seclional aves mneeded - (1\5'0 “*%:’J(0.0T?)?XQO) .33 M
S0
Scevbbe. A\éme*er . 1S§. wncheg
Ltk‘u{a flow va“e. . 4000 “A, £ (|.33)(9—'3“5X€;-é) 2 /O.Q&;tm;‘

Evaiaova*()r ‘5\1§n3

e N S )(oﬁ)(&%f‘@) . 4Soo ¥,

GBNL verods (BNL-R&) an e.u[aanh:v O.F of 0% with an e,urm;fm.
boi‘»vt; v%‘& Q( “~ QO */‘w* Ht' a QD.F Qc FloN u,'.'“‘ - boil i v;ﬂe_
of ~ 100 B/h. H', A boeil v vate of ~ (O “A»-H‘ h2s  been
chosen a5 The lbasva  for This e.\nrmd-m cles{e\\n.

Diame‘ev "Qtflu'\vetl for 60'/‘.,. (> = 1O H
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Filiex heg\‘%n_

BNL data orls 3 rre‘é‘s&ue Jvo of ~10"of wiler for 3 | FHhec Napar
velocidy i gfoof filker ﬂnc\'-.ncss » ap of 14" of water fov =2
2.9 “}ser., “tov ynloci{x m a 2.5 foot filter thickuess,

These ds wdicate Thet ke vaeres  hineav\ whh 6. Fev 2
filer Hhckwess of D feet Jhe ‘a tan be Qirnessul a‘aPromm:‘e(:
bl &p = 5.8V wheve V is veloeidy in H/sac.

FQ\' ) VQFQ\. flaw Q{ “500 “/‘\\" L ‘Q‘,OOQG"./, ¥ 33:5 Hs/&.g.

®) A Y aP
35" | ua e 348 202"
u n-b 2.6 | 15.4"
4.5 | 18.9 2.1 12.2"

AF ére:\‘ev Than 18" of water is \mées\'va‘o\a, hewce 3 4 feof fillee
d\ame IS chosen . BANL dah mdma‘e 'ﬂ\a“ @ Fl“'!«r NF of 103
con be ewpecled with a 3 foot thek fsﬂev bed amd \va,ooq, uelocu\l
of bl Ysec.
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