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PERFORMANCE OF EVAPORATORS IN HIGH LEVEL 
RADIOACTIVE CHEMICAL WASTE SERVICE 

. C. F. Jenkins 
Westinghouse Savannah River Company 

Savannah River Site 
Aiken, South Carolina 29808 

ABSTRACT 

Chemical processing of nuclear fuels and targets at Savqnnah River Site resulted in generation of millions of 
gallons of liquid wastes. The wastes were further processed to reduce volume and allow for extended temporary storage of a 
more concentrated material. Waste evaporators have been a central point for waste reduction for many years. Currently, the 
transfer and processing of the concentrated wastes for permanent storage requires dilution and results in generation of 
significant quantities of additional liquid wastes. A new round of volume reduction is required to fit existing storage 
capacity and to allow for removal of older vessels from service. Evaporator design, performance and repairs are discussed in 
this report. 
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BACKGROUND 

The Savannah River Site (SRS) has been in operation since the early 1950’s as a producer of nuclear fuels for 
defense applications. Altogether, five nuclear reactors were used during the production years. The irradiated materials were 
dissolved and partitioned in two large chemical separations facilities. The partitioned products were further treated, purified 
and packaged within the facilities. As a result of the processing, millions of gallons of liquid waste were generated. 
Reduction of the volume was imperative in order to be able to contain the waste. Evaporators were put into service about 
1960 for this purpose. . 

Approximately 35 million gallons of the high activity wastes are currently being held at the site. These are 
contained within 51 steel storage vessels designed for the purpose. Thirty-nine of the vessels or waste tanks have capacities 
of >lmillion gallons, and 12 have capacities of 750,000 gallons. The wastes in the tanks range from “fresh” waste, i.e., 
newly received and not yet concentrated through evaporation, to a heavy sludge deposit on some of the tank floors. 

Processing of the wastes from the “temporary” liquid state to a permanent solid state has begun on site at the SRS 
Defense Waste Processing Facility @ W W .  At D W F ,  the waste is being incorporated into a solid glass form for the 
purpose of very long term storage at another location, not yet designated. 



The waste evaporator has been a central point in the handling of the liquid wastes for many years. Volumes are 
reduced to 25-30% of the fresh as-received liquids. The stored high activity waste is thus concentrated, as much of the water 
is boiled off, captured and disposed of in locations outside the waste tanks. However, during initial waste processing leading 
up to the feed preparation area ahead of the DWPF, water is readded for chemical mixing and transfer purposes. Some of 
the water is boiled off during the feed mixing operation in DWPF, but the majority is evaporated through the off gas system 
of the melter. All condensate is retirned to the waste tanks and it must be reevaporated, decontaminated and the effluent 
must be treated before it can be discharged to the outfall. The evaporators thus do double duty in initially concentrating the 
waste, and later in eliminating the new process water additions. 

The high level waste evaporator is a vessel basically of shell-and-tube type design, Figure 1. During evaporator use, 
steam is fed to the tube bundle while the vessel is filled with liquid waste. The tube bundle has a bent tube configuration, 
Figure 2, to allow remote maintenance cleaning of the tubes following system use. Occasional cleaning is needed to remove 
deposited salts from the tube surfaces. The cleaning step involves shocking the cooled tubes with%xun, while the entire 
bundle is immersed. 

TUBE BUNDLE FUNCTION, DESIGN, AND FABRICATION 

The tube bundle is the core of the evaporator. It must operate efficiently qs a heat transfer unit for the life of the 
evaporator. To do this, it  is necessary to periodically clean the external surfaces of the tubes. Moreover, because of the 
nature of the substances being handled, this cleaning must be done remotely. No hands on work of any sort is permitted 
once the equipment goes into radioactive service. 

The bundle has a bent tube configuration or design. The tube-to-tube sheet orientation is typical at one of the tube 
sheets. But at the other, the holes are bored at 95" to the face of the tube sheet to establish a tube orientation which is 5" to 
normal. In a new larger diameter, larger capacity evaporator built especially to handle the DWPF condensates, the angle is 
4'45'. The holes are arranged on the two tube sheets so they are lower at the outlet than at the inlet. These differences result 
in the tubing having a smooth arc between the tube sheets. Figure 2 shows a new tube bundle before its installation in the 
evaporator. 

The tubes are fastened similarly at both tube sheets. This consists in a structuraVseal weld at the front face, Figure 
3, and expansion of the tube within the tube sheet thickness. Tubes were rolled in the earlier evaporators, but recent designs 
have employed hydraulic and explosive expansion techniques. The weld and expansion provide the anchoring required to 
stabilize the tube during many cleaning cycles over the life of the bundle. Steam chests are attached at each tube sheet. The 
full thickness, full penetration welds on the tube sheet face provide sealing and isolation between the wastes and the clean 
steam. 

The function provided by the bent tube design is one of cleaning. During operation there occurs a solids build-up as 
salts will precipitate from solution and deposit onto the tube surfaces. The build-up acts to insulate the tubes and to detract 
from heat transfer, thereby affecting efficiency. of the process. The high radioactivity entails remote operation and 
monitoring. The process is monitored by measurement of increases in specific gravity as the liquid concentrates. The years 
have provided indications of performance to be expected with clean tube surfaces. With a deposit build-up, efficiency 
eventually becomes unacceptable. As this occurs, the process can be interrupted to clean the tubes and to thus reestablish 
efficiency at a more acceptable level. 

A baffle is centered between the tube sheets to provide some constraint for the tubes during thermal expansion and 
growth. It prevents excessive distortions outside the bounds defined by the edges of the tube sheets. 

Figure 4 shows a tube bundle which had been in service for many years. The tubes are distorted in a variety of 
directions, especially along the outside where the constraints are minimal. During operation, the tubes expand and cause 
deformation beyond that shown Figure 4. The thermal growth is not fully contained, but will occur in the direction of 
increased arcing. The tubing may bend to any direction between the constraints, and does, as illustrated in the figure. 

Figure 5 shows two tubes which were removed from a failed bundle. The significant permanent arcing is obvious. 
Note that pitting corrosion has generally degraded the exterior surfaces. The corrosion led to the failure. 

Cleaning of the tubes involves cooling the contained liquid which surrounds the bundle, then shocking the tubes 
with high pressure steam. The sudden thermal growth of the metal tubing causes break-up of the deposits. The solids fall 
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away, and may become part of the concentrate. Eventually, the fine solids will be transferred with the liquid to a storage 
tank. 

During cleaning, deposits may not separate or break away at the anchor points, i.e., where tubes exit the tube 
sheets and/or pass through the baffle wall. As a result, the deposit may remain at these locations, and lead to accelerated 
under-deposit corrosion. The second tube bundle failure which was investigated resulted in part from this. 

During service, it is important that the deposits be kept wetted with the liquid waste. The wastes stored in the large 
underground tanks are adjusted to minimum pH 12 to inhibit the corrosive effects of nitrates, chlorides, etc. in the solution, 

As concentration occurs, the pH increases and continues to provide corrosion protection, in particular in those 
regions where deposit is retained. During shutdowns, when wastes are removed from the evaporator vessel and water is 
backfilled to provide moderation and radiation control, dilution may occur and the pH control may be lost at localized sites. 
It is necessary that inhibitor be added to the fill solution to avoid unconstrained corrosion activity, especially in the deposit 
spaces. 

Although the stainless steel evaporator tank has not exhibited any corrosion, several tube bundles and warming 
coils have failed. Coils have not been investigated because access to the coils is not possible. Three different failed tube 
bundles were previously studied, with access obtained as a result of repair work on the evaporators. Two of these exhibited 
gross pitting on exterior surfaces of the tubes. 

PERFORMANCE HISTORY - EVAPORATORS 

The life of waste evaporators preceding major repair has been about 10 years. Table 1 provides a summary of their 
service throughout the history of evaporator use at SRS. Because of personal exposure to radioactivity associated with any 
work on the vessel or associated equipment, few repairs have been attempted and no vessel entries have been allowed. Only 
three evaporators have ever been opened up following service with the high activity waste solutions. In each case, the 
purpose was to allow for inspection and repair of a failed tube bundle. In each case, failure meant that a sufficient number of 
tubes were leaking or a large enough hole existed in a single tube to warrant a repair or the replacement of an entire bundle. 
In two of the failures, the bundle was removed and a new one installed, allowing for close inspection of the tubes and a 
determination of the reasons for failure. 

The two bundles which were replaced failed due to corrosion. The sections of the two tubes shown in Figure 6 are 
from one of the failed bundles. Both tubes are pitted, and the pitting may be more severe on the tube taken from the bottom 
of the bundle than on the one taken from near the top. Holes and leaks occurred in some of the pits, leading to the failure 
and removal of the unit from service. 

The third tube bundle failure required removal of the steam chest but not of the entire bundle, so only the interior 
of the tubes was generally accessible. Several leaking tubes were found to have been over-rolled, or expanded outside of the 
tube sheet. Fatigue had developed in the areas of excess strain near the inside wall of the tube sheet. Repair was performed 
by plugging the failed tubes. The cross sectional sketches in Figure 7 illustrate a normal tube and a tube with over-roll. 
Plugs were inserted and seal welded on the exterior face of the tube sheet at each of the leaking tubes. Note that close 
inspection at the tube bundle requires an actual undesirable up-close look at the equipment. The work is undesirable from 
the standpoint of personal exposure, due to the extreme levels of retained radiation and contamination inside an evaporator. 

In response to the evaporator failures and to causal diagnoses of external pitting corrosion of the tubing, a new 
material was selected for the tubes and the coil applications. Several iron and nickel base materials were evaluated, and the 
recommendation was made to use Alloy G3, Table 2. Thermal expansion properties of this alloy are similar to 304L 
stainless steel, which has performed acceptably with regard to cleaning and maintenance. Alloy G3 contains 22% Cr 
(compare to 304L at -19%), as well as 7% Mo and 2% Cu (304L has neither). Resistance to pitting and crevice corrosion in 
environments containing C1 and F is far superior to that of 304L. As a result, general pitting and under-deposit corrosion of 
the tubes is not expected, and corrosion at retained deposits at the baffle and tube sheet walls will be less likely. Evaporator 
life is expected to increase by a factor of 2. 

EVAPORATOR REPAIRS 

When a failure occurs to the extent that action is required to remove the evaporator from service, replacement has 
been the usual modus operandi. Evaporator repairs require considerable time to accomplish. If repair is elected, the repaired 
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or refurbished evaporator can be stored for later installation. Delayed repair has not always been possible - for example, 
Vessel #5, service location H2, failed unexpectedly after <2 years service, Table 1. No replacement was on hand at the time 
of the failure. However, a replacement tube bundle did exist, and the decision was made to proceed with repair and reinstall 
the unit. 

Because tube bundle removal from the vessel results in considerable exposure to the vessel interior, care in 
personal protection is needed during such work. Personal protection is provided through the use of lead shielding, 
disposable outer garments, and filtered breathing apparatus. 

EVAPORATOR SAVINGS 

The goal in operation of the waste evaporator is to concentrate the high activity wastes, thus reducing the capacity 
requirement in the storage facilities. The thrust in maintaining lower capacity is to reduce capital investment dollars and the 
number of holding tanks needed. It has been estimated that concentrating the waste by use of waste evaporators has won a 
space gain of greater than 103 million gallons of waste during the last 37 years of operation at the Savannah River Site. 
This represents 83 waste tanks of about 1.25 million gallon operating capacity. In current dollars, the project cost for one 
tank exceeds $35 million. Thus, total savings in tank investment alone approaches $3 billion. 

The project cost for a new evaporator is about $2 million. Life of an evaporator in waste service has been about 10 
years. Analyses .showed that corrosion in the tube bundle has been the principal cause for failures of the evaporators. No 
other failures of the vessel or of other internal components have ever resulted in removal of an evaporator fiom service. The 
recent changes of the tube material for new equipment, and of the manner of lay up during normal interruptions in 
operation, are expected to prolong life of the tube bundle at least two-fold, to about 20 years. Thus, extensive savings have 
been and will continue to be realized by using the concentration approach to waste storage. 

Waste preparation for DWPF uses a considerable amount of water. Off gas condensates related to the waste water 
are captured in DWPF, chemically adjusted, and then returned to the waste tank farm for further processing, i.e., 
evaporation, and storage. It is estimated that the amount of waste water to be returned will be about 3-4 million gallons per 
year from the DWPF glass plant. This is in addition to new wastes being generated during active chemical separations 
work, and wastes related to clean up, Le., decontamination and decommissioning, of equipment and work spaces used for 
high activity materials. At present, these new liquid wastes are estimated to add another half million gallons per year. 

A new evaporator facility has been built to accommodate the extra water. This evaporator is larger and will be 
operated at a higher temperature than the earlier evaporators. For example, the new larger tube bundle contains 648 tubes 
compared. to the 234 tubes in the original smaller evaporator. The vessel diameter is larger to accommodate a larger 
quantity of water in the moreor-less batch operation. Steam pressure on the larger bundle is 325 psi. The smaller 
evaporator operates with 150 psi steam. In addition to handling the larger batch of waste, the larger evaporator will be 
allowed to concentrate the waste to a higher specific gravity than has been used in the past. 

Note that it is imperative for SRS that the new evaporator operate and function as designed. Otherwise, there is the 
real possibility that the Waste Tank Farm will run short of storage space rather quickly. In addition, if storage space 
becomes filled, it will consequently become necessary to slow the feed to the DWPF. As a result, the anticipated timely 
reduction in stored wastes will not occur. 

CONCLUSIONS 

Removal of water and concentration of the wastes to about 25% of the as-received volume has saved about $3 
billion (1997 investment dollars) and many millions in operating expenses for the estimated 83 additional waste tanks that 
would have been needed. Study has shown that the useful life for operation of SRS evaporators can be extended by 
increasing the service life of the tube bundles. A more corrosion resistant material, Alloy G3, was selected for the tubes. In 
addition, changes have been made in conditions applied during idle periods of operation. These modifications are expected 
to double the life and improve overall performance of the equipment. Evaporators will remain in service until all the liquid 
wastes are eliminated through glass solidification in DWPF. 



ACKNOWLEDGMENT 

The author would like to thank D. J. Martin, D. C. Bumgardner, and M. B. White for assistance in reviewing the 
document. The information contained in this work was developed under Contract No. DE-AC09-89SR180356 with the 
Department of Energy. 

TABLE 1 
WASTE EVAPORATOR PERFORMANCE HISTORY 

VESSEL SERVICE SERVICE 
NUMBER LOCATION PERIOD NO. YEARS REMARKS 

1 F- 1 1960-1969 9 T.B.failed; fatigue; no 
corrosion; repaired; stored. 

H- 1 1971-1980 9 T.B. fail. N.R. 
2 F- 1 1969-1980 11 T.B. fail. N.R. 
3 H- 1 1963-1 97 1 8 T.B.failed; replaced. Held 

in storage. 
- H- 1 1980-1994 8 S.D. in 1988. Restarts in 

1993,1994. T.B. failed. 
N.R. 

4 F- 1 1981-1988 7 No failure. S.D., perm. 
5 H-2 1982-1884 <2 T.B.failed; replaced. Rtn. 

to service. 

replacement. 
H-2 1985-1995 9 No faiIure. Planned unit 

6 F-2 1980-1989 9 T.B. fail. N.R. 
7 F-2 1989- --- --- 
8 spare --- --- T.B. has G3 tubes. Ready 

9 H-2 1995- --- T.B. has G30 tubes. 
for service, F-2 position. 

notes: T.B. - tube bundle 
N.R. - not repaired 
S.D. - shut down 

TABLE 2 
ALLOY COMPOSITIONS (NOMINAL) 

- Ni - Cr - Fe - Mo - w - c u  - C Cb+Ta 
.......................................................................................................................................................................................... 
Alloy G30 bal 30 15 5 1.5-4.0 2 .03 0.3-1.5 
..................................................................................................................................................................................... 
Alloy G3 bal 22 20 7 1.5 max 2 .015 0.5 

AIS1 304L 8 18 bal - .03max - 
..................................................................................................................................................................................... 




