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WASTE EVAPORATOR MODIFICATIONS

Dear Mr. 0'Leary:

In a letter dated June 28, 1971, addressed to Dr. Peter A.
Morris, then Director, Division of Reactor Licensing, Carolina Power &
Light Company reported that the performance of the waste evaporator
was unsatisfactory in that the machine failed to meet design specifi-
cations. It was reported in the letter of June 28, 1971, that proposed
modifications to the waste, processing system were being evaluated and
that improvements would be made to H. B. Robinson when appropriate.

Accordingly, this report is intended to relate the current

status of the waste evaporator and to discuss the performance of the
liquid waste processing system.

The following principal modifications, engineered by the

equipment supplier, American Machine and Foundry Corporation (AMF),
were completed on April 7, 1972,

a.

The waste concentrator vacuum pumps were replaced with
steam ejectors.

The concentrator internals were modified by deletion of
the perforated plates between upper and lower shells,
relocation of the reflux line, addition of a new:
moisture separator section, provision of a new sieve

type moisture separator, and installation of a heater
bundle shroud.

c.

A higher capacity steam valve and piping serving the
water converter were installed.

An operational test was performed on the system on April 13 and
14 to determine if design specifications were being attained. The test

consisted of processing a solution of sodium hydroxide (NaoH) and feedwater.
Hourly samples of feed and distillate were taken over a 24-hour period
and were analyzed to determine the waste evaporator performance.

The
results of the test revealed various decontamination factors (DF) in the
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. Mr. O'lLeary . -2- . September 22, 1972

rapge of 102 to 105 for nonradioactive species and DF values of 101 to
10 for th radioagtive species. The sodium DF values were consistently
between410 and 107, while those for boron ranged from 10~ to greater
than 10 . The low DF's observed for the radioactive species were
attributed to the relatively low radioactivity contained in the feed
solution. Based upon the Eest'da a, it is Westinghouse's bpinion that

consistent DF values of 10 to 107 can be obtained with the modified unit,.

Enclosure (1), an internal report, is forwarded for your infor-
mation and reports in greater detail the modifications and tests performed
on the waste evaporator. '

As a result of the modification, the performance and reliability
of the waste evaporator has been greatly improved. The design flow rate
of 2 GPM has also been consistently achieved and the decontamination
factors have been improved significantly. The pverage DF value has been
about 10~ with a maximum DF of approximately 10 . However, with the
present waste feed low activity levels, the design DF's of 10  are not
being obtained. However, a polishing demineralizer system has recently
been installed downstream of the waste evaporator for further conditioning
of liquid wastes., Additionally, an experimental reverse osmosis unit
is presently being evaluated at the plant for treatment of liquid wastes.

Carolina Power & Light Company believes that the liquid waste
system, as now installed and exclusive of the experimental reverse
osmosis unit, provides assurance the liquid radioactive waste can be
processed for disposal in a satisfactory manner. No further modifications
to the waste evaporator are planned at this time.

Yours very truly,

= 2

E. E. Utley
Vice President
Bulk Power Supply

NBB/za
Enclosure

cc: Mr. C. D. Barham
Mr. N. B. Bessac
Mr. B. J. Furr
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PART I

PROPOSED MODIFICATICN

H. B. Robinscon Unit 2 had been unable to achieve the design perfor-
mance characteristics of its AMF waste concentration system, or its AMF
boric acid concentration system. The difficulties encountered were as
follows:

1. Insufficient supply of steam to hot water converter (WE)
2. Considerable foaming and carryover into distillate tank (WE)
3. Difficulty in maintaining a vacuum in concentrator (WE & BAE)

L. Inability to achjeve decontamination factors (DF) on the de-
sign order of 10° or design flowrate of 2 GPM (WE)

NOTE: The above abbreviations indicate which concentrator system ex-
perienced the problems (i.e. - waste evaporator (WE) and boric
acid evaporator (BAE),

These problems have persisted since plant testing and start-up. Ef-
forts have been made to remedy the foaming; and, conseguently, improve
the DF by use of an anti-foaming agent, DOW H-10. In spite of this, de-
contamination factors yere at best still in the range of 102 compared to
the design level of 109,

Similar problems have been encountered with other AMF installations.
AMF and Westinghouse representatives have evaluated these situations and
have develcped modifications to exdsting systems in an attempt to meet
design criteria. The AMF modification has been performed at other plants.
Based on the improved performance of these applications, the system con-
version was approved for H. B, Robinson Plant.

This modification includes the following:

NOTE: Items 2 through 6 were performed only on the waste evaporator
system.

1. Replacement of the mechanical vacuum pumps on the waste evapo-
rator and both boric acid evaporators with steam ejectors.

2. Modification of the concentrator internals to relocate the re-
flux line, add a new moisture separator section, provide a new
sieve moisture separator, and install a heater bundle shroud.



3. Deletion of the double perforated plates from between the upper
and lower concentrator shells.

L. Replacement of the teflon disc in the concentrator level control
valve with a 316 SS disc.

5. Installation of a new, higher-capacity steam valve serving the
water converter.

6. Provision of additional connections for sampling and chemical
addition.

NOTE: See figures 1 through 3 for further details, and refer to bill of
materials for list of valves and major components.

Reasons for the above changes are listed below.

The replacement of the vacuum pumps with the steam ejectors upgrades
the performance of the vacuum system such that a reliable vacuum can be
established. Experience has indicated that a 23 to 25 inch Hg. vacuum can
be drawvn in about 10 minutes and readily maintained. This added stability
will also provide the ability to operate at a wider range of temperature.

The modification of the concentrator internals is intended to reduce
moisture carryover and improve the DF of the system. In particular, the re-
routing of the reflux line from above the distillate tray prevents conden-
sation from dripping into the tray. The new reflux location also provides
better distribution of the flow back into the lower level of the concentrator.
The addition of the new moisture separator sections and the sieve assembly
are other means used to reduce carryover. Carryover and feoaming are further
diminished by enclosing the heating tube bundle in a shroud which directs
the flow of the heated effluent in a circular motion.

Problems have been encountered at other installations with proper level
control in the concentrator. This was attributed to malfunctioning of the
level controller valve due to damage to the teflon disc. To preclude the
possibility of this happening at H. B. Robinson, the teflon disc was re-
placed with a 316 stainless steel model.

The low unit output was improved by increasing the steam supply to the
steam-water converter. This was accomplished by enlarging the supply piping
and providing a new steam regulator. The supply piping was increased from
13" to 2" 0.D.



PART II

SUPPLEMINTARY WORK TO SUPPORT FINAL MODIFICATICHN

The modification, as outlined in Part I, was supervised by AMF re-
presentative, Dave Martin, with work being accomplished by a crew from
Metric Constructors, supervised by Earl Erickson. To support the changes
being made, modification was required to the component cooling water
piping in order to provide cooling water to the heat exchangers in the
vacuun systems on both boric acid evaporators and the waste evaporator.
These additions to the component cooling system consist of short runs
of pipe tapped off of the lines feeding the cooling sections of the eva-
porators. The tie-ins are made on pipe 6-AC-152N-T6A on thes 'A' boric
acid evaporator, pipe 6-AC-152N-76B on the 'B' boric acid evaporator,
and pipe 3-AC-152-110 on the waste evaporator.

The modification alsoc required the provision of a steam supply to
the steam ejectors. A flow rate of 62 lbs. per hour at a minimum pres-
sure of 90 psig is necessary. This steam supply is obtained by tapping
off of the auxiliary heating system pipe 6-5-20 upstream of valve V7-15
on the second floor of the awdliary bullding. This line is reduced to
1" IPS carbon steel and constitutes a pipe run of about 150 feet through
the second floor deck penetration into the boric acid evaporator rooms
and across into the waste evaporator room.

When the auxiliary steam system is supplied by number l} feedwater
heater extraction, a pressure of only 60 psiz is attained at 735 MwWe
gross electrical output. In that this does not provide steam at suf-
ficient pressure, the auxiliary boilers must be used as a steam source.
However, using the awdliary boilers for continuous operation of the con-
centrators is not economically feasible nor have the boilers proved suf-
ficiently reliable. Westinghouse has been contacted and requested to
identify an acceptable steam supply for operation of the steam ejectors
when the main steam system is in operation. Contingent upon provision
for this new extraction point, new piping will be installed and the prob-
lem of achieving an adequate, reliable, and economlcal steam source will
be alleviated.

In conjunction with the modification, an inspection was made of the
waste evaporator distillate tank float valve. This valve was found to
have a damaged plunger. Repalr was not feasible and the valve was sub-
sequently replaced.

The additional sampling point called for in Part I was made in the
waste evaporator system downstream of the distillate tank. The line is
tied in at the 1 X 3/L" reducer at the junction of the distillate dis-
charge piping and pipe 1-WD-151R-17 leading to the waste condensate tanks.



A drain valve has been added to the closed loop heating system
of the wagte evaporator system., The valve is tapped off the closed
loop piping upstream of the expansion tank. The line is reduced
from 3" to 3/L4" to accomodate the valve.

This work, including the modification called for in Part I was
completed on April 7, 1972. No major problems were encountered in
accomplishing this job.
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PART ITI

LIST OF FIGURES

Waste Evaporator Modification
Modification of Concentrator Internals
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PART TV

BILL OF MATERIAL

COMPONENT EACH

MATERTAL DESCRIPTICH

Steam Blowdown Valves on Steam
‘Biector Supply Line

1" Edwards, Angle Globe, 1500#, 850°
Figo -1 0,48Y

Isolation Valves on Steam Ejector
Supply Line

1" Velan, Globe Stop, 600#, Fig.
W5-27)8=2TS

Main Isolation Valve on Steam
Ejector Supply Line

1" Edwards, Angle Globe Stop, Valve Tag
No, IT36, Fig, = 848JY

Hot Water Drain Valve on Waste
Evaporator

" Velan, screwed, Globe,.éoo#, Fig.
53-274B-2TS

Sample Line Valve on Waste Evaporator
Distillate Line

3/L", Grinnel, Diaphram, Saunders Model
#2171-3212M with #88 Spring - 316 S.S.

Heat Exchanger Vent Iine Valves

1" Jenkins, screwed ends, Gate Valve,
No, 1300, 316 S.S.

" Concentrator Vent Line Isolation
Valve (Boric Acid Evaporators)

%", Grinnel, Diaphram, Sawnders Model -
#2171-3212M with #88 Spring - 316 5.5,

Check Valve Downstream of Concentratbor
Isolation Valve

1" Jenkins, screwed end, Swing Check,
No. 1328-A, 316 S.3,

Concentrator Isolation Valves

1" Grimnel, Diaphram, Saunders Model =
#2L71-32124 with #88 Spring - 316 S.S.

Steam Jet Vacuum Pump

1", Flanged, Schutte & Koerting, Model
534, #555

Heat Exchanger

Whitlock, Type AUT-L-A-C1, Model 3-W-1l

Waste Evaporator Distillate Float Valve

McDonnell No, 27W, Max., supply pressure
100 1lbs,
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PART V

TEST RESULTS

Following completion of modifications, the waste evaporator
was tested over a 2L hour period on April 13 and April 1L, 1972,
The test consisted of processing a solution of sodium hydroxide and
feedwater. The ability of the evaporator to handle this solution
was to be representative of waste processing and provide an indication
of the evaporator efficiency.

The test was initiated at 9:00 A.M., April 13 by adding 6 gallons
of sodium hydroxide (NaOH) to the evaporator feed tank. This resulted
in a PH of 12.5. The evaporator was then started at 9:30 A.M. The
reflux line was placed in operation at 2:30 P.M. and adjusted by
"feel” to the appropriate flow rate (the flow meter is broken and is
on order.), This operation was accomplished without losing vacuum.

No problems were encountered with the unit start-up or operation of
the equipment during the test.

Feed and distillate samples were taken at hourly intervals for
the benefit of Westinghouse analysis. These samples were shipped
to Westinghouse in a shielded cask., On site, samples were analyzed
every two hours. Data was also recorded at two hour intervals.
The sample scheduled to be taken at 8:00 A.M., April 1Ly was inadvertently
omitted., The test was terminated at 10:00 A.M., April 1k,

Trouble free operation was experienced throughout the test indicating
the improved reliability of the equipment. The vacuum was readily
maintained at 21-23 inches of mercury. The design flowrate of 2 GPM
was achieved, In fact, a flowrate of 2.5 GPM was maintained without
reflux flow and 2.17 GPM resulted with the reflux circulating.

Enclosures (2) and (3) list the analyses of the test samples
as performed by C.P.&L. and Westinghouse respectively. Enclosure
(1) is a summary of the recorded test data., The analytic procedures
that were utilized are listed in enclosure (L). The decentamination
factor (DF) referred to is defined as follows:.
concentration in feed to concentrator

concentration in distillate

The test revealed decontamination factors in,the rapnge of 102
to 105 for non-radioactive species and DF's of 107 to 1 for the
radicactive species. The isotopes detected were Manganese - 5k,
Cobalt - 58, and Cobalt - 60, The Cobalt - 58 and Cobalt - 60 dis-
tillate levels were at or below the minimum detectable level of 3.0 X 10'8
me/cc, The low DF valves observed for the radioactive specles are



-1 -

attributed to the relative low radioactivity contained in the feed. Of
the non-radioactive species, the highest DF value of 10° was observgg
for sodium. The sodium DF range was consistently between 102" and 10°.
The boron DF's ranged from 103 to greater than 10k,

Based on these test results, it was Westinghouse's opinion that the
present unit was capable of DF's consistently in the 10h to 1 range.
Since completion of testing, the waste evaporator has been placed in
service and proved to be cuite reliable, The decontamination factors
have also been significantly improved. However, the DF's have only averaged
around 103 with maximum DF's of -approximately 10h. Therefore, although
the present system is markedly improved over the sygtem initially installed,
it does not appear that the maximum design DF of 10” can be attained.

Twelve hour operational tests were planned to determine if the new
steam ejector vacuum systems installed on the boric acid evaporators
functioned properly. These tests were aborted due to insufficient steam
supply from the auxiliary steam system. There was also a problem with
erratic flow control on the 'B' boric acid evaporator which was traced
to the concentrator level controller valve., This valve had damaged in-
ternals which are on order and will be replaced before putting the unit
back on the line. However, both units were operated for short periods
of time and the new steam ejectors appeared to function well in achieving
and maintaining a vacuum of 23 in., of Hg. Since this time, the boric acid
evaporators have been returned to service and provide reliable operation.
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ENCLOSURE 1

Date: 11/13/72 WASTE EVAPORATOR DATA

Time 1000 1200 1400 1600 1800 2000 2200  2L0O
Vacuum, In. Hg. 23,6 22,0 21,7 21,6 21,5 21,5 21,5 21.5
Concentrator Temp, OF 152. 152 150 147 145 147 1145 147
Hot Water In,, °F 188 187 187 187 186 185 186 183
Hot Water Out, °F 172 170 170 169 168 165 163 166
Cooling Water Flow GPM 70 19 80 80 80 80 80 _179.5
Cooling Water Out, °F 113 112 113 113 113 113 113 113
Rerlux Flow (Open/Close) Closed Closed Closed Open Open OCpen Open Open
Steam Pressure, PSIG 23 23 23 23 23 23 23 2l
Reg. Inlet Pressure, PSIG 10 10 10 11 10.5 11 10,5 12.5
Feed Tank Temp., °F 128 158 155 153 149 1ho 132 135
Steam to Air Ejector, PSIG 100 99.5 99,9 100 105 100 106 > 100
Feed Tank Level, In. 2.5 15,7 15,2 18,5 23,0 25.6 25, 19,0
Waste Condensate Level 1% Lo.3%  73%  19% W5.2% 73.8% 25.5%  60%




ENCLOSURE 1A

- 13 -

Date: L/1L/72

WASTE EVAPORATOR DATA

Time 0200 oL0o 0600 0800 1000
Vacuum, In. Hg, 21.5 21.5 21.5 21.h 21.2
Concentrator Temp °F 145 11,0 147 147 151
Hot Water In, °F 181 182 185 185 | 186
Hot Water Out, °F 167 168 167 167 170
Cooling Water Flow GPM 79 79.5 80 80 80
Cooling Water Out, °F 117 | 118 11 11l % 115
Reflux Flow (Open/Close) Open Open Open Open ‘ Open
Steam Pressure, PSIG 2l 2L 2l 2k § 2l .
Reg. Inlet Pressure, PSIG 12.5 12.5 12.5 12.5 ‘ 12,5 |
Feed Tank Temp., °OF 135 155 146 nh , 160 j
Steam to Air Ejector, PSIG >100 >100 > 100 >100 >100 _;
Feed Tank lLevel, In. 22.5 18 21,3 25 9 51
Waste Condensate Level 83 35 59 89 4O :
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ENCLOSURE 2
CP&I, ANALYSIS
Date: L/13/72 WASTE EVAPORATOR CHEMICAL ANAIYSIS _
Time 1000 1200 11,00 1600 1800 2000 2200 2400
1029X )4-39X 2-53{ )-1097Z— 5069X 5.1 )4 S'BBX 701 X
Feed 10> 105 1o?b  1ob  30-b  10h 10 -k 10°h
¥ - Gross Activity 5.7 5.51X  B.25% < 7.0X < 7. T,
Dist. 10=2 - 10-1  10- 107 10~ 10 =6 1070 100 _
Feed -ce o0 wunen o = omon on - - - - ) - e m————
Sodium (PPM) Dist. 1.0 0,17 0.27 0.28 0,09 0.07 0.10 0.0L _
Feed 12,5  wwmw 12,8  cuce eomm 11,5 eeen emee
PH
Dist, === - J— —— c——— 9,2 comm 8,9
Conductivity (MHOS) Dist. 14 2,15 1.5h 2,8 3.1 3.5 5.5~ 5.6
ho?a ’J.OX >6.SX 7705-{ 77608:( 7707K vd 905}‘
Gross Activity D.F. 0.47 101 101 10! 10! 101 101 10!
Date: L/1L/72
Time 0200 0400 0600 0800 1000

¥ - Gross Activity

Feed 9.71 X 10°4 9.0L X 107t 8.2, X 107 5,31 x 1074 1.15 X 10°3

Dist. < 7.6 X 10‘6 < 7.6 X106 £7,6X% 10=6 £7.6 X 10"6 <7.6 X 10‘6

Feed - o v el - memcmes ———— - cn .
Sodium ( PPM)

Dist 0.0 0,08 0,02 0.0 0,01

Feed ——— ———— ——— c—— 10,3 _
PH

Dist 8.8 8.2 7.6 7ol 8,3 _
Conductivity (MHOS) Dist 6.0 L5 L.5 5.0 4.5 -
Gross Activity D.F. >1.28 X 10 2>1.19 X 10 251,08 X 10 2 7.0 X 10 »1.52 X 10°




INCLOSURE 3

WESTINGHOUSE ANAIYSIS OF WASTE EVAPORATOR DATA

) 15.')-’ .

April 13 April 1L
TIME 1000 1200 1400 1600 1800 2000 | 2200 2,00 0200 okoo | 0600 1000
Sodit):m Feed 2933 4633 5668 L025 L127 3233 3163 Lo51 5027 L3l 3h32 337?
(PPM Dist | 3.22 0.10 0.1 0.32 0.02 0.02 0.03 J 0.02 0.11 0.12 0.06 , | 0.1
oF |9.70%102 4. 68x108 3.1 01 M) 1.26x1 04 2. 06x105 1.61x105 ;1.05)(105;;2.033{1‘05 L.57x10M 3.45x10415.73x1 0l § 5,581 o8
Boron  |Feed 250 477 892 946 111} 1125 1223 1545 2250 2128 1988 | 2086
( PPM) Dist 0.2 0.4 0.5 3 <.0.1 3 0.2 3 <0.1 0.3 4 < 0.1 < 0.1 L 0.6 0.5 _} 0.5 3
DF_ {1.25x10% 1.19x10% |1.78x10° >9.L6x102|5.57x1 071 . 12x1 O | L. 07x10°51 .55x1 04 »2.25%1 04| 3.55x107 3.98x103 1.0
M 5L |Feed | 1.11 ———— —— 3.2h x | —mem ——- c——e | 6.80x | 1.11x e | 8.78x | 2.27 x
107 10-5 10-5 10-5 10-5 10-L
ActivityyDist §>3.0 x ———— ———— >3.0 x ———— ———— w—-- £ 3.0x | < 3.0 x - 4 h,0x } £ 3.0x
10-8 0 10-8 ) 108 | 10-8 10-8 10-8 3
(wesee) | oF 13.7x10° | —--- mmme [21.08x10°| —mem —— ceme 22131005 3.05x103] —oee > 2,19%103 [57.57x10
Co0 58 [Feed | 2.5L x | -=-- ———— 9.76 x | —mm- —— mmme L 1.8 x | o2.2h x mmm- | 2.09.x | 5.13 x
105 10-5 10-b 10h 10-L 10 -k
Activity|Dist | 453 x | ---- — 30 % | mme- ——-- m— |23.0x | £3.0x ———— | 210 x 7.6 x
+0-1 10-8 10-8 10-8 10-8 10-8
Cweozee) | oF 15.6x10" | coee | ceee | 3.0x10%| mem | aoee ceee >3 07x103 7.06x103|  ---e >5.22x103 | 6.75x10°
CO 60 |Feed | 492 x | ~--- —— 118 x | —-m- ——- e | 1.97.x | 2.85 x mmm- | 255 x | 6.43 x
10-5 10~k 10-b 10-L 10-b 10-b
Activity|Dist | 1.46 x | --=- —— 8.73.%x | ~mm- ———- —e= |z 3.0x | £3.0x ———— 26,0 | 248 x
10-6 : 10-8 ) 10-8 10-8 10-8 16f
(vesoe) | o 3.37x10" | —oen ——e | 1.35%x10°7 | ame ———- memm 26,56x103] 29.5x103]  —eee >1.25x103]| 2.28x103
PH Feed | 12.9 12.9 13.0 13.0 13.0 12.7 1.7 | 10.75 10.6 10.2 9.9 10.0
DiSt 5.7 701 7.1 7-3 7-8 7.8 707 7:3 700 6.9 6.6 I..LQS
Gross B |Feed | 1.86 x | 7.57 x |1.20 x 1.25 x | 1.h2 x| 1.19 x 1.5 x | 1.88 x 2.53 x 2.Lh2 x 2.56 x L.Oh x
' 10-5 10-5 10-b 10-b 10~k 10~k 10~ 10-b 10~k 10-L 10-b 10~k
Activity|Dist —— 1.10x |[5.58 x —— 2.56 x | 1.12 x 6.20 x | h.22 x | 2 1.7 x 5.2 x| 1.36 x 2.50 x
10-7 10-8 10-8 | 10-8 10-9 , | 10-8 10-8 108 1 108, 1 107
(ve/ce) | DR | oom- 6.88x102 R5x103 | -o- Bsloa 0d)1.06x10t 12,3301 0% |L0sxt 03 |21 ot oM b.6lx1 0318l ol | 1620103



Sodium Analvsis

Enclosure . ‘“. o o ,

ANALYTICAL PROCEDURES

_The analytical procedures use are summarized below:

Sodium analyses were performed by flame photometry, emission spectroscopy.
The feed samples and drain tank sample were diluted to less than 50 ppno
sodium prior to analyses while the distillate samples were analyzed undi-
luted. The accuracy of this method is + 57.

Boron Analvsis

Boron analyses were performed by using appropriate samples of feed and dis-
tiilatc. The pH of this soiution,was adjusted to 5.5 with concentrated
hydrochloric acid heated to rermove dissolved gases, and neutralized to pH
of 7 with-sodiun hydroxide. 10 grams of mannitol were added to this solu-
tion and then titrated with 0.1 ¥ sodium hydroxidc to pH of 8.4. Accuracy
of this method is + 1%.

Beta Activity

Beta analyses were performed with a G detector. A 5 ml aliquot of feed
solution and a 200 m)l aliquot of distillate were evaporated to dryness for
analysis. It is noted that no sodium hydroxide was added to any of the
solutions prior to cvaporation. Gamma spectra of the feed samples showed
no radioactive iodine to be present.

The gross Leta analysis are reported to have various analytical accuracies
“which are shown in Table 1.

Manganese-54, Cohalt-38 z2nd Cobhalt-60 Activities

Gamma spcctroscopy (Geli) was used to perform the isotopic analyses. A
50 ml aliquot cof the-feed samples and 300 ml of the distillate samples,
evaporated to 50 mls were analyzed. The accuracy of this rethed for each
of the three isotopes is + 20% with the limits of detection being

3.0 x 10—8 uc/cc.



