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EXECUTIVE "SUMMARY

Mixed hazardous wastes with low level radioactivity presently
stored at weapon sites in ponds and drums etc. can employ
technologies funded by the Department of Energy, Office of
Industrial Programs under contract DE-AC07-79CS40290 to dewater,
reuse and concentrate industrial waste water in an energy effective
wéy. Copies of the final report DE-86007851 are available from DOE
Technical Information Center, Oak Ridge, TN. One of the heat pump
designs developed under this contract is depicted in Figure 1.
LICON has since expanded this effort with the application of the
MEMS (Multiple Effect Multi Stage) distillation system, Figure 2,
to further concentrate the waste and attain the mandate for waste

minimization.

The recent energy crisis has added impetus to also minimize
enerqgy consumption. A total energy system depicted in Figure 3
can employ domestic natural gas to fuel internal combustion engines

and furnish electric power to Figure 1. The heat that is normally
wasted in power generation to the engine jackets and exhaust can
be employed to operate the MEMS cycle depicted in Figure 2. All
of the components of the total energy system are in active use with
proven track records. Their combination can reduce both energy and
capitai cost of heretofore custom designed distillation plants by
at least 50%.

In modular design, these LICON’s (LIquid CONcentrators) not
oﬁly save energy, their self sufficiency allows for trailer
mounting for emergency deployment. They can furnish power to, and
concentrate blow~down from, membrane processes such as reverse

osmosis and electrodialysis or from ion exchange. Their production
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©of high purity distillate, less than 75 ppm for reuse and their
ability to concentrate liquid waste in excess of 500,000 ppm and
in mﬁy cases recover precipitated salts provides an economical
methog of waste minimization. Further use can be made of the waste
heat to dry the concentrated sludge to a powder.

The attached report covers the investigation of simulated
Rocky Flats pond waters and established criteria to substantiate
the quality of distillate and degree of concentration cited above.
Evaluation of the test results would indicate that 10,000 ppm feed
(pond average) could be reduced to 1/50th of the present volume and
produce an excellent quality of distillate averaging less than 75
microsiemens and under more steady state conditions there were
indications of being able to achieve less than 20 microsiemens with
alkalinity control. Run off water averaging less than 5,000 ppm
could be reduced by 1/100th. No data was taken to evaluate the
effect of radioactivity.



TRANSVAP 750 — AQUAVAP VCS00 HEAT BALANCE

SEPARATOR

a=a

AVERAGE CONPRESSOR POWER

2005 - 11.3 PSW — H2 = 1172
180° - 7.5 PSIA — Hiy-= 1138
CONSTANT ENTROPY AH= 34

ISENTROPIC KW w= 34 x 4500 = 45 °
3413

WITH 50% EFFICIENCY — 80 KW REQUIRED

VCS00 AQUAVAP

&)

TOP TENPERATURE AND
CAPACITY CONTROL ’

HEAT TRANSFER RATE REUIRED WITH 2° BOILUNG POINT ELEVATION AND SEPARATION LOSES + 300 1B/HR DESUPERHEAT WATER

Up = 4,500,000
18 (AT) x 470 SQ.FT.

CONC,

RECYCLE

+162°
190°

NOTE: WHEN COMPRESSOR
= POWER EXCEEDS 180 HP THIS
VALVE WILL OPEN TO BYPASS
REGENERATIVE HEATER THUS
LOWERING FEED TEMPERATURE
AND DEPRESSING SUCTION

T | TEMPERATURE.

182°

COMP.
CONTROL

ol g <

|

CONC. TO MEMS 704

12138 = 2400 LB/HR
| RECENERA] _E__!_gi‘_’__-_rm FROM MEMS
93 8600 LB/HR

= 530 BTU/HR /SQ.FT./°F

FEED HEATING REQUIRED = 6800(182-182)=~ 132,000 BTU/HR = 38.88 KW

DISCOUNTING RADIATION AND VENT LOSSES, RADWTOR WILL HAVE TO DISSIPATE MAXIMUM OF 30 KW

DISTILLATE TO STORAGE
L= 4200 LB/HR

FIGUFE !

oCToRER 4, 1990
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TRANSVAP 750 HEAT BALANCE PROPOSED FOR ROCKY FLATS

TOTAL ENERCY SYSTEM VS CONVENTIONAL UTILITIES

() ENERGY RED

= 40,130 x 60 x 2
(FOR TWO ENGINES)

100,000
= 48.18 THERMS/HR 8500)
- 20 cFM
3 B
Gl
512 -3
*
e} FTER 1120 V
oy
. NATURAL GAS ENGINE
(o) | 1951 210 KW FULL LOAD
. (11,999) ENG. JACKETS 13,364
w oL COOLER _ 1.990 | '
NATURAL 15,354
cAS (15:354)
V RapTIY
1251

30-70°
POND WATER

( ) = sTU/uN
TWO ENGINES POWERING THRELLICONS
!
' RETURN TO POND
JMCKETS - 13384 POWER 11,909 40,150 WPUT VC~500 — 90 KW (CONP)
Boulst - _8500 fenin . e Hoatueues = 30
21,854 BTU/MN 73,762 BIU/MIN 4534 BTU/MN 0 x 3

3{2,622,480 BTU/HR
RECOVERY

= 874,160 BIU
10 gg-l MEMS

EQUIVALENT COST OF STEAM WITH 33X BOILER EFFICIENCY m

2,822,480

0.35 x 100,000

EQUIVALENT COST OF ELECTRIC POWER = 390 KW x 3.03 =$31.20

-§20.00
$1.20

- 31,32

® GAS COST @ 30.85 x $.85/THERM

ENGINE FUEL = 43.18 x .63

=390 KW

= 30835 THERMS/HR

53.25 THERMS/HR se
84.10 THERMS/HR )

$19.88/HR SAVINGS

¢ (EQUIVALENT TO DIESEL O ® $1.00/CGALLON)
(AT 25X STATION & TRANSMISSION EFFICIENCY)

INCREMENTAL COST OF ENGINES «

_$a5,000,
SAVINGS

19.88 168

= 772 HRS = 25 1/2 WEEXS PAY BACX

NOTE 1 — THIS TOTAL ENERGY CONCEPT PROJECTS CUTTING ENERGY CONSUMPTION IN ALMOST HALF AND USES DOMESTIC NATURAL GAS

NOTE 2
J x 730 x 8.33 x 1000
3 x 100,000 x 0.8 (BORER EFF)
PLUS AUXIUARY ELECTRIC POWER OF 100 KW EQUIVALENT TO

= 78.00 THERMS/HR

13.85 THERMS/HR
$1.65 THERMS/HR

A CONVENTIONAL FOUR EFFECT STEAM OPERATED PLANT WITH A PERFORMANCE RATIO OF 3 TO 1 WOULD CONSUME

FIGURE 3
OCTOBER 4, 1980
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TEST SUMMARY USING SIMULATED ROCKY FLATS POND WATER .

E G & G prepared a test agenda outline in the Appendix ‘A’ as
‘LICON. EVAPORATOR TEST REQUIREMENTS’. Anticipating problems in
achieving the degree of concentration required, LICON prepared a
supplement Appendix ‘B’ including a P & I diagram dated 10
September 1990 (Fig. No. 5).

Test No. 1, S<—3pi’:ember:'~ 13 19940

Pond A water was tested in accordance with above as detailed
in the report in the Appendix ’C’. In essence, this test revealed
how complex these pre-trial tests were going to be if we wanted to
attain some indication of the concentration ratios to be expected
in the field. The chloride readings made us suspicious of the
chemical analysis done by the local testing laboratory, Analytic
Technologies (1), so we had Rob Farrell of ChemTreat do sonme
testing with his HACH KIT (2). See Table No. 1

) Excepﬁ for the Chloride differences in the Feed and the
Concentrate there was some good correlation in the distillate
analysis. If Analytic’s TDS is correct and Farrell'’s conductivity
is correct then the factor to convert from MS to TDS is 0.825 which
in turn does not seem to apply to the distillate which is 2.93.
In any event the distillate is good but the concentration ratio is
low, and will require further modification of the test procedure.
The chemical results are averages for the entire run in accordance
with E G & G test requirements. The final concentration was
actually closer to 10 to 1 - still not good enough. Listed in the
attached detailed report Appendix ‘C’ are the modifications we made
to éttain higher ‘concentration ratios including sampling pots to
more closely track the distillate quality.
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R B I G & I
. Revision 1

TEST NO. 1, JOB 901 - ROCKY FLATS SYNTHETIC POND A WATER .

Summary of Test Results and Conclusions

Initial test required the following list of chemicals mixed in a
1400 gallon tank full of Pensacola city water durlng the evening
of 12 September 1990, under the direction of engineers from Rocky

Flats.
1b/1000 Gal. 1b/1400 Gal. Grams added
‘Calcium Nitrate 2.5 3.5 1587.6
[Ca(NO5), 3 H,0] .
Sodium bicarbonate - 0.42 0.6 272
(Na H CO5) .
Potassium Chloride 4.1 5.75. 2608
( (RCI) .
' Sodium Carbonate 0.1 ] 0.14 63.5
(Na, co, H,0)
Sodium Nitrate 4.2 5.9 2676
. (Na NO3)
Magnesium Sulfate 6.75 9.5 4309
(Mg SO, 7 H,0)
Sodium Hydroxide 500
(Na OH)
pH = 9.3

This initial test was started at 0700 on 13 September 1990. Both
the VC 90 and the MEMS 204 were filled to operating levels
requiring 400 gallons of the above solution. Start-up was somewhat
erratic because the maximum amount of feed attainable was only 3
'GPM even with the feed solenoids bypassed. When the VC came on
line it was making in excess of 100 GPH and there was not enough
blowdown to satisfy the demand of the MEMS unit which was also
having problems with interrupted steam supply due to a faulty fire-
eye. The VC 90 capacity was cut back slightly by lower the suction
temperature adjustment to the compressor; also the MEMS top
temperature was reduced and thus combined capacity was lowered from
. 200 GPH to the target capacity of 150 GPH (1/5th Rocky Flats size).

;%%%%rASJ?F&D

2442 Executive Plaza * P.0. Box 10717 ¢ Pensacola, FL32524 904/ 477-0334 « FAX 477-7234
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The operators got used to compensating for the low feed rates and
the run was successfully completed. By shutting down the VC and
using its residue to feed the MEMS and then shutting down the MEMS
when it reached critical low levels for adequate circulation, the
residue was reduced from 400 gallons to less than 200. We then
made some piping changes and rigged to pump out the top two stages
to the third stage. . The top two stages were rigged to operate-on
city water at 1400 hr. This procedure enabled us to dewater the
1400 gallons down to 104 gallons. Samples of the final residue
were collected for chemical analysis. This initial test indicated
the desirability of making the following changes to achieve greater
concentration ratios and to acquire better distillate quality.

1. Since we were only able to acquire about 14 to 1 concentration

ratio, the Rocky Flats engineers provided the following higher
weight listing of chemicals for our next test.

1b/1000 gal. 1b/1400 gal.

Calcium Nitrate 2.5 3.5

Sodium bicarbonate 5.0 7.0

Potassium Chloride 20.0 28.0

Sodium Carbonate 7.5 10.5

Sodium Nitrate 38.0 53.2

Magnesium Sulfate 30.0 42.0
' pH = 7.5

2. The VC distillate was not as good as the MEMS distillate so
we . decided to try a single, denser mesh to replace our
standard two stage lower density mesh. This change had been
effective at Blue Bird Body where there are 2-VC 600’s in
operation on alkaline waste water.

3. . Sampling pots similar to those used on the test of the VC 300
for Three Mile Island were added to the eductor suction of the
VC 90 and to the fourth stage eductor suction of the MEMS 204.
These were added to assure that there was no downstream
contamination from regenerative heaters or pump seals. Any
leakage at these sources however would be in the other
direction since the distillate pressure is normally higher
"than the concentrate. Because of step 4 however we thought
this.would be a good idea and sampling under vacuum might
provide a clue as to any gaseous carry-over.

4. A higher pressure feed. pump was added to alleviate the
© problems associated with low feed rates.

W/557f50



5. The start-up procedure was changed. Only the VC 90 would be

filled from the feed tank and then run at full capacity
blowing as much of its resultant concentrate to the MEMS until
the MEMS was full of VC concentrate. Only then would the MEMS
be started and thus would be operating on higher density feed
stock. This also would allow easier start-up since the MEMS

would not be robbing heat from the VC while steady state
conditions were being achieved. )

cc: L. Eng - Rocky Flats
C. Hughes —-.Licon
R. Williamson - Licon

NOTE: This revision 1 corrects errors on page 2 of FAX
sent to Mr. Eng 9.17.90

TV 18 St 90



LOG SHEET ON RQCRY FLATS POND WATER TESTS

'POND WATER F

JUB NO. 901

DATE: 2 /5 .. ‘

TIME: 700 72 p | @e|220 |90 (@20 | ivoo izl a0
TEMPERATURES : ' ’ .

" 71 FEED SUPPLY 1y Ayy a4l g4l Ayl 24 94 | 24l Ry
P2 FEED _TO VC 1341 301} s2ol  p3c) 27l 360 )19 we /41/
?3 VC RECYCLE FEED ARy R AN 4y 17U 174
T4 BLOWDOWN TO MEMS ARV /el 43 [64)_16S /66 101 164 166
TS VC SUCTION /48 L178) 02l 172 ;775 /74 S22V 70 12/ s n
T6 _VC VENT (s8) 193} 93 sas| 90| sap| i 8l /%l T 9a]
T7 VC CHEST (S jast 135 /8 92l 91 1t sy /9e
T8 VC EDUCTOR DISCH. (968 g6 oyl /8 /8231 s2ZY /36 1% | /R
T9 vC DISTILIATE IN BX{l ,4ol | secl o4 182] 723 180} /911 190
T10 VC DIST. OUT HX ool 9@l qq gl 99l o0l 9| 99 99l
T11l 1ST FLASH VAPOR /s ol Jsel Al asst sl il g2l el g
T12 2ND FLASH VAPOR /981 il ssml 3) sy /AL Js2) 4S9 259,
T13 3RD FLASH VAPOR Ia ol sl syl 1 3ol jzol /3l 3
T14 4TH FLASH VAPOR AN A IRAN
T15 COOLANT INLET 990 99] %l a3 &3 syl sujool 1o/
T16 COOLANT OUTLET Ny 03] 39 9% 88 Cijlf 1001081 o

_ "T17 4TH FLASH. CONC. aol 11| szl Jul.isgl yzol Jzqlie | 16
T18 ATH FLASH FEED o)l gl 13zl 132) 123] 128 ERNEY /2.9
T19 3RD FLASH CONC. rsz) 133 gl jal /45| R\ Jup | qucl /a)
20 3RD PLASH FEED el syl swq) Jqul e 1467\ 199 L isy) Isz
T21 2ND PLASH- CONC. i IS A WSvel LA Vil I A e R VEC WA
T22 FEED TO HTR. /551 1ol 156 ssil sl 253 /59 lel] /6y
T23 QUTPUT FROM HTR. IV 780 160 /sl 755l bl /651 16R | 170
F1 _PIRST STAGE RECYCLE|| d4pe| dogan| /o | 2260} 40 | 25@] . 20ci|k 20| 40gn|
F2 ' VC PEED RATE Lol el a3l LS 3y 124 3yl 3
F3 VC BLOWDOWN .9 .0} 4 /,ﬁ @) '/»3- /0 /IOT /.2
F4 VC RECYCLE gl 3l 2.51 .51 2.51 34 g | 3,5 3.5
H1 VC BRINE WEIR N AN G T P Y
H2 3RD STAGE WEIR YA AR AR A P EA N 37 1 37| ST
H3 4TH STAGE WEIR My 2l 2 2y g_Bg | 337 3M&A
FEED TANK LEVEL ] 1000] 38 $25 7av] 4778 448150 asC
ML vc pisTILIATE  ASY® 42180 spslPadl @0 S alED Y 0 2 WD7 0l 79 |24
M2 MEMS DISTILLATE)soo\l¥) o0 (30 cn B3 nd (Y e Wonne [0 us a9 |Fhoar A0 b
M3 COMBINED DIST. SV 98] w0 st 1021 98 L4y j4u ] 109
V  VOLTAGE 9N sl 5] w5 uast s vkl 774 vos
A AMPS 02| 371 29| | 3|l s34 82177 s
RW__KILOWATTS 2 qnd | @ 20 Jaea ) v e




| LUG o0LLd DUK WATER DaMPLED

. JOB ORDER 901 -

[~ —DATE: QL 2/99

‘ . 3 . y ’ 1]
TIME: 7000l 200§ 213 $ico|8:20 [Goo | 4720 Voiazllon L
POND_A L5TAN
CONDUCTIVITY FEED> '

_ N et
- . pist®2| 48 | 42| 63| 44. S3.1 4/ YA T

conc 23 || —

_pH reed! || 931 921 @3] 94 249
——--DIST.O || MTER
concz 2l 9.1 9.209.1| 4.0] a8
“POND_BN -

CONDUCTIVITY FEED
____ DIST.
CONC.
_DpH FEED
DIST.
CONC.

'POND BC
(; ' CONDUCTIVITY FEED
’ ; DIST.
.” CONC.
pH FEED
S DIST.
CONC.

POND BS
CONDUCTIVITY FEED
‘ DIST.
CONC.
pH FEED
DIST.
CONC.

(

Q1 1911 49.0190
,7‘7 ')»9 8'74 843
6137 2.718.5

2 lop O
o~

qﬁf’:/'ﬁrl ﬂﬂu \ -7.09“( 7 /c:,\,&a QFr <!'3D, ﬁua 74},' ’,0 /20 4.'1\5.
<:/‘0A4! Qo ’A LU+ STne OC%m paerSs ) < a)‘ 5.3 7. s?a;fa,o
9% + D)L oA 440, ’fc»&! nwtaao ol Tp R Tootle

rm———————

. W YUY SIS P4 1Y
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_ LOG SHEET ON ROCXY FLATS POND WATER TESTS

JUB NO. 901
. POND WATER /)f DATE: §./2 /3
TIME: : N30 Riap liveel 2200 | n3el 2000l 224 |0 12220 |45
TEMPERATURES : o

” 1 FEED SUPPLY I__oyl svl 44| 34 g4 |
©2 FEED TO VC 132) g JsEL 132 o) J |
T3 VC RECYCLE FEED AR WA AR ‘S
T4 BLOWDOWN TO MEMS 62l 62t sl /57l gl 4o\ —
TS VC SUCTION 1650 4 s¢ql s r6s I NN
T6 - VC VENT 8ol /281 1.l sl yml VY
©7 VC CHEST : (gl jeo) /30 /3 180) NN
T8 VC EDUCTOR DISCH. 1290 176y /770 1927 17 6
T9 VC DISTILLATE IN HX /73 (960 /22y /749) 1932 ﬁ’.
T10 VC DIST. OUT HX o4l Wl 94l a9yl g4 —
T11 1ST PLASH VAPOR 290 al 0281 28l sl Pl s 13 961
T12 2ND FLASH VAPOR 7% 2 A W W2 A A W A W2
T13 38D FLAsE VAPOR || /51 s35 s38| 38| yal /380 ssd | il 190|123
T14 4TH FLASH VAPOR A NN A RS 2
T15 COOLANT INLET ol s00) 01| jo2|s0/] /o0 %1 S| soxl/e
T16 COOLANT QUTLET NA/CARES ISR A AR A Y2
'TL7 ATH FLASH CONC. sy N N R AN
T18 4TH FLASH FEED oy 1291 12a) 12411291 129 - . lis2|l ==/
T19 3RD FLASH CONC. I AN I AN AN
T20 3RD PLASH FEED 1551 1541160 rhyliszl 151 - /25 /89 1ss
' T21 2ND FLASH- CONC. b1} 1eel 18] f5\is8 | leol /726 /4B
T22 FEED TO HTR. Aoyl /630087 b L el 162 W/ 70 e V-
T23 OUTPUT FROM HTR. 1700 b st o Vgl oyl 2 ize U s721/s
FL _FIRST STAGE RECYCLE|| gp doml s consbumivnl uibiondsen] ssten - 46+ a0+ |y
F2 VC FEED RATE 2| 3 | oyl 3yl — — —1_
F3 VC BLOWDOWN Lol 1.3 BERNEES — 1=
F4 VC RECYCLE . 2/ 372 3zl 3| 4l — — | — | _
HL _VC BRINE WEIR Y| 3y | /| Y| 3| — | — 1=
B2 3RD STAGE WEIR 3| 3| 3| g | 20| 2 3713713
H3 4TH STAGE WEIR RN AN Y 37137 13
FEED TANK LEVEL 0S| 2eslazs| 1501 157 e — 1 — |-
ML _VC DISTILLATE g3/ (%560 s18%0,28Ya9u Goa | g | cFF | — — | -
M2 MeMS DISTILLATE/ S|, c9ulS i ams |4 1wededs 2a it 43 s20q | 14344) 1835) #392)/
M3 COMBINED DIST. HENDNIERIERE IO
V  VOLTAGE 038 u25) 435} uvs| uys :?b/
A AMPS 2oy 2 1212 5o« - |
KW KILOWATTS : |




LOG SHEET FOR WATER SAMPLES
JOB ORDER

, MATE: - AE/?U

PTIME:

1120 )3 81230 1 1M ed 130 M2

213D

20a] T3 <60

POND A.

AP N hUCTIVITY ¥oED &

2.56) 267 12,47 12,572 1257 —

CornBiv.d DISTT

sool . lcrslvbalsnzl2by | —

7S Jo A CONC23

{03 .00 9951065 | 1521497

13,53

pH FEED3 |

23'7 ?,‘? %rq ?;8 9 -

199000, 17-- 11914

D~ Ale/ DIST 2L

8. {18! |2¢1l25 1235182

T2

“Ffws ] CONCHZ

3.2 87 lgr2l o lg7 1592

§6

2.2 |75 \z8

- POND BN

8.5 |84
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TEST NO. 2, September 14 and 15 1990

Summarizing the attached detailed test report, Appendix ’D’;
it turned out that a very fortunate error was made in mixing the
chemicals. The calcium and sodium amounts got switched and we
actually handled fifteen times the amount of calcium that had been
estimated for the ponds. Since the calcium has much lower
solubility than sodium, this error furnished some very valuable
information during the test. '

We first noticed that the distillate water purity was to say
the 1least, unacceptable and the rate of scaling on the heat
transfer surfaces was alarming. We found that acid would remove
the scale and the evolution of CO, indicated CaCoj scale, common
in sea water evaporators and easily controlled by acid injection.

It was decided to continue the test on the remaining water
using acid injection, as is done in sea water distillation. Again,
fortunately the only acid we had in enough quantity was EDTA (HAMP-
ENE ACID) or ethylenediaminetetraacetic acid. This acid was added
at a rate of eight pounds per thousand gallons with the following
unexpected results (serendipity).

1. The milky solution in all tanks became crystal clear

2. The VC distillate conductance fell rapidly from 350 MS
(microsiemens) on the previous run without the acid, down to
- less than 10 Ms. - ‘

3. The alkaline scale that had been deposited on the VC heat
transfer surfaces was, as expected, being rapidly dissoclved
by the acidic conditions.
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Rob Farrell of ChemTreat said he had observed similar
phenomena as observation No. 2 in his feed treatment of boilers.
When the alkalinity is reduced, he had noticed an improvement in
steam quality but not to the remarkable degree observed here.

TEST NO. 3, September 24, 25 and 26 1990
See Appendix ‘E’ for Log Sheets

In order to attain a high enough concentration ratio it was
decided to employ both storage tanks for a total of 2800 gallons
and evaporate this quantity down as low as possible from mixture
of the following chemicals per 1400 gallons:

Calcium Nitrate 3.5 1b

Sodium bicarbonate 7.0 1lb

8.0

Potassium Chloride 2 1b
Sodium Carbonate 10.5 1b

Sodium Nitrate 53.2 1b
Magnesium Sulphate 42.0 1b
144.2 1b

Initial testing started 24 September 1990 at 1000 hr. with
above solution having a resultant pH of 9.7. Scale started to form
on the VC heating bundle so we added 0.5 1lb. EDTA to VC concentrate
tank at 1200 hr. bringing pH down to 6.5 and bundle started to
clean - pH was back to 8.5 at 1230 so we added another 0.5 lb. and
brought pH back to 6.5. This demonstrated feasibility of cleaning
while operating. Notice that delta T of compressor fell from 17°
to 15° (T6-T5) after acidification and resultant cleaning. We shut
down at 1310 awaiting arrival of E G & G engineers.

With E G & G engineers present we restarted the next day, the
25th at 1430 after adding 5 1lb. of EDTA to 650 gallons remaining
in tank No. 1 making a total of 6 lb. added to the original 1400
gallons and ran until 1830, when supply from tank 1 was exhausted.

11



) Restarted the next day, the 26th at 1000 hr. after adding 9
1b. EDTA to 1400 gallons in tank 2, bringing the pH down from 9.7
to 8.1 but feed averaged 8.6 and gradually rose to 9.0 indicating
poor mixing or a reaction in the tank. Operation continued until
2045 hr. when the entire 1400 gallons was processed and the VC
could no longer operate because of low level in the VC concentrate
tank. One of the readings that had plague us was the fact that the
combined distillate readings were always higher than the individual
readings from both the VC and the MEMS - we finally discovered at
1400 hr. that a drain line from the VC concentrate tank had a
minute leak into the combined distillate line which we fixed and
the combined dropped from 150 to 40 microsiemens with 30 in the VC.
As the concentration increased, the VC rose to 70 and the combined
was 70 with the flash at 10 microsiemens. Lower alkalinity would
probably have improved the VC distillate but these readings were
within specifications. The VC was shut down at 2040 hr. and its
residue was blown down to the MEMS which continued to operate until
2100 hr. The conductivity of the supernatant by dilution ratio was
222,800 MS. on shutdown with an estimated residue of about 150
gallons in the system. |

TEST NO. 4, September 27 1990

In order to attain still higher concentration some minor
piping changes to the MEMS enabled us to drain the top two stages
into the third and fourth stage concentrate tanks. We rigged the
second stage eductor to a separate tank so that we could still
monitor distillate quality at higher concentrations in the fourth
stage flash.

12



Ran
. "

The test was continued at 1200 hr. and the concentrate from

the 2800 gallons was dewatered down to 85.44 gallons by 1500 hr.

- a volume reduction of 32.75 to 1. The next day Rob Farrell
checked the chloride ratio at 27.57 to 1. Some concentrate may
have been lost in the transfer and we may have lost some Chloride.
The concentrate in the fourth stage, again by dilution ratio, was
390,000 microsiemens and if we use the 0.825 factor we arrive at
320,000 ppm - a pretty good check. Also the ratio of Test No. 1
feed with 25.4 1lb. of chemicals added provided TDS of 1898 and
conductivity of 2300 MS would extrapolate with 144.2 lb. for test
3 to 10,775 ppm and 13,057 microsiemens - by proportionating, we
calculated 13,600. If we average this at 13,330 MS and ratio it
to 390,000 we have 29.25 - another good check 10,775 x 29.25 =
315,000 ppm. It should be safe to assume the concentrate was in
the range of 300,000 ppm based on 10,000 ppm feed. There was still
no great amount of precipitation and most important the supernatant
was still pumpable. Table 2 lists the data recorded.

TEST NO. 5, October 1 _1990

Since the concentrate was still pumpable we made some more
piping changes to allow operating only the fourth stage of the MEMS
with the 85 gallons of concentrate in the 4th stage tank. We
expected some dramatic results to happen very quickly so we did not
bother with taking logs. The following data was collected while
evaporating at a rate of about 15 GPH.

Dist. Cond. Dist. pH Conc. pH Conc. Cond.

Start 17 MS 7.9 390,000 MS

9 MS 9.1 7.3 587,000 MS
) 21 MS - 8.6 6.6 ' 789,000 MS
Finish 36 MS 8.5 6.6 1,055,000 MS

13



anpisal uo||py 44'GR — qup} abbpys Uiy ul o] sjpsUsOUO)

1:0¢ 1:98°1¢ 1:68'61 b:G L o)}y ebbis Yip
}:G'81 1:02°91 Lv9°ClL A oypy 8boyg pig
100 AR LOO . Z0'0 90’0 AN0) G0 puoj—uwid /S\
L9 'L Gl - C'L L'L 8'8 6'6 Hd sig
09.°'68¢ 098'98¢ 0£0'19¢ 08%'8¢¢ puo)—wo /SK
6L 0’8 1’8 1’8 '8 '8 +'8 Hd 8bbp}s uyb
Q0G'L+C AN AN 026'8L1L 00G'ZG1 pUo)—wd/S\
1’8 c'8 AL z'8 ¢'8 £'8 9°8 Hd 8bp}g pug
0081 oc¥ L 0% 1 ocel 00| 0£C! 00c! INIL
0661 ‘ZC ¥3GW31d3S

¥ 1S4l 404 d3dd003d vivd

¢ J18vl




We were amazed how well the salts remained in solution or in
fine suspension up to 800,000 MS but then the solution started to
precipitate and we had to shut down. The supernatant was
proportioned to be about one million microsiemens. The final
volume was 20 gallons plus some lost in transfer.

Test No. 4 provided the criteria for immediately estimating
results
’ Safe operation at 650,000 ppm
Maximum obtainable 825,000- ppm
Concentration Ratio w/10,000 ppm feed
Safe at 650,000 = 60 to 1 Ppm

10,775
Maximum 1,055,000 = 80 to 1 cond. -
13,300

Weight Analysis: The 20 gallons of concentrate weighed 256
. pounds or a specific gravity of 1.5. Since
142.2 1b. of chemicals were added, the balance
must be free water and or water of hydration.
Weight wise the ratio is 90 to 1.

15



" CONCLUSTONS AND RECOMMENDATIONS

Supplementing the Executive Summary, it is reasonable to

conclude the following from the tests provided the synthetic pond
water closely approximates actual conditions.

l.

Control of alkalinity is wvital from the standpoint of
acquiring high purity distillate and the elimination of
alkaline scales such as calcium carbonate and magnesium
hydroxide. EDTA is recommended at a rate of at least 6 lb.
per 1000 gallons but this rate may be reduced with the use of
polymers which will involve field testing to optimize minimum
injection rate. |

If scaling or distillate impurity should occur the EDTA can
be increased during operation. The second stage MEMS eductor
will handle any gassing of CO, from the chemical reactions..

The EDTA evidently also aids in tying up the calcium and
magnesium ions to prevent precipitation and allows
concentration to proceed safety to as high as 60%. Further
dewatering or drying can be accomplished with a pot dryer
using additional heat from the engines by water washing the
stack gases. If this is of interest please advise.

It can also be concluded that should other sites involve high
calcium content these too can be handled but the concentration
ratio may not be as high because of the lower solubility of
calcium. Concentrate samples from test No. 2 has been saved
for your chemical analysis, should you desire to investigate
this further. -

Modified test runs were made possible by eliminating the coest
of needless chemical analysis. Simpler mechanical methods

16



that proved more. fool proof were developed_ to gquickly
determine the concentration ratios and distillate purity.
Samplés have been Sayed and we recommend +that your own
laboratory do any chemical analysis you may require. If so,
pPlease advise shipping instructions - all together the volume
of samples and gggiﬁtgﬁ%s about 50 gallons. The concentrates

in particular may prove valuable for establishing cementing
techniques.
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ICCN EVAPQRATOR TR IREME
VC5Q in saries with Mems 204

Test Time ~ '
Four tests of 12 hours each, totaling 48 hours. These tests wiil be
run September 12 through September 14. -

Test Mode :

One test for each type of feed (Each type of feed must simulate the

pond water of Pand 207A or Pond 2078 North or centre or South). Feed

rate for each test shall be%ﬂ&—gpm—wmn%e—z—g:mxm—
225 £ oS qP™

Sampling Frequency
A feed sample shall be caollected at the beginning of each test.
Camposite samples of distillate and concentrate stream shall be
callected for each test and shall be made up by a series of four
ounces sub-samples collected every 30 min.

" Sample Distribution - Polqpmpyl‘m ) T
All sub-samples shall be collected in a glass jar large encugh, to hold

3/4 of a gallen in volume. Each composite sample shall be divided into.
two equal parts. One part is for LICON's analysis, the other part will’
be sent to Rocky Flats far references. All samples shall be placed in

. glass jars with teflon lined lids and clearly labeled.

mole total LICON | Rocky Flats
Feed 4 4
Compasite Distillate 4 4
Compasite Cancentrate 4 4

Process Readings

Conductivity, temperature, pressure, power input and output, and
flow rate of feed and discharge, shall be recorded every 30 min. while
tests are being run. Test summary repart shall indicate the length of

time to start up each system, at what point steady state was
achieved, and intermitien changes of flow rate.
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8.

Analysis

Each sample taken from the feed, distillate, and concentration shall be
analyzed for the following compounds.

Feed
Alkalinity
Carbonate
Nitrate
Sulfate
TDS
Calcium

-Magnesium
~ Potassium

Sadium

pH
TSS

Distil
Alkalinity
Carbonats
Nitrate
Sulfate
TDS
Calcium
Magnesium
Potassium
Sadium

oH

Concentrate
Carbanate
Nitrate
Sulfate
s -
Calcium
Magnesium
Potassium
Sodium

pH

TSS

7. Feed Stream Preparation

Four types of waste water shall be prepared by LICON to smulate each
~of the four ponds at the Rocky Flats Plant. The Feed Stream shall be

mixed cantinuously for a minimum of 8 hours prior to test and shall be.
~mixed in feed tank during the test.

Each feed stream shall be prepared as follows:

To tap water add the following chemicals in the amount shown.

hemical ' /1 Zal r

Pond A BN BC BS
Calcium Nitrate (Ca(NQO3)2:3H»0) 2.51b . 1.5 8 1.4
Magnesium bicarbonate (MgHCOa3) 2.71b 25 41 41
Potassium Chiaride (KCl) 4.1 1.1 81 105 -
Sodium Carbonate (Na;C0O3+Hz0) g0 - 52 47 11
Sodium Nitrate (NaNQg) 42 104 168 8.7
Sodium Sulfate (NasS0O4:7H,0) 42 . 13.7 153 77
Sadium Chilaride (NaCl) - 48 - -
pH . ' 10-11

10-11 10-11 10-11

All pH adjustments shall be made with sodium hydroxide or hydrachloric
acid.
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N

Disposal of waste water shall be the responsiblity of LICON.

8. Deliverables

Complete test equipment set up diagram and data form shall be
delivered a minimum of 3 days prior to test for approval.

Final report shall be delivered 3 working days fcnowmg the
completion of test activities.

The final report shall include:
1) Dbrief system description

2) observations

3) collected data ‘
(i.e. conductivity, temperature, pressure, and flow rate)

4) analytical results
5) conclusions
8. Test Observations

. Rocky Flats personnel will observe at least one test start up and ane
test completxon
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APPENDIX /B’



TEST _NO. 1
TEST NO. 2
TEST NO._3
TEST NO. 4

TEST NO. 5

PROCEDURE FOR TESTING POND WATER SIMULATION

AT ROCKY FLATS PER JOB ORDER
EMPLOYING LICON’S VC S0 AND MEMS 204

Pond A Water 17.8/8333 x 10° = 2136 ppm

Run both plants at design conditions, 175-180°F
suction temperature in VC (T5) and 180-185°F top
temperature (T23) when 1400 gallon tank is empty -
shut down VC plant. Run MEMS until VC shell and
tank are drained and continue running MEMS until
Flash Chambers and tanks 3 and 4 are at lowest level
possible. Shut down MEMS and drain all residue to
collector tank.

Pond BC Water 51.4/8333 x 10° = 6168 ppm

Same as above.

Pond BS Water 33.2/8333.x 10° = 3984 ppm
Same as above.
Pond BN Water 45.2/8333 x 10° = 5424 ppm

Run same as Test 1 except pump residue in stages 1
and 2 to tanks 3 and 4.

Degree of Concentration Attainable

Repipe MEMS to use city water as feed to stages 1
and 2. Start MEMS using concentrate from collector
tank to feed stage 3 tank and run until
precipitation occurs in either or both tanks, 3 and
4.
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SEPTEMBER 20, 1990

ROCKY FLATS SYNTHETIC POND ’‘BC’ WATER
TEST NO.2, JOB 901

Summa of Test Results, Conclusion and Projections

The modifications to the test procedure outlined in the
previous report were helpful, enabling a smoother start up as
evidenced by the attached log sheets taken 14 September 1990. The
first disappointment was the poor quality of the VC product water
which ranged 40 to 50 micro siemens during Test No. 1 was now
ranging as high as 600 at the start and gradually dropped to 350
micro siemens. The natural conclusion was to condemn the new mesh.

A more serious situation however was developing with the MEMS-
the recirculation rate around the top two stages was dropping
rapidly from 40 GPM to 18 GPM in two hours of running. A sludge
had been noticed forming in the first test and was forming much
more rapidly in this test. The natural assumption was that this

. sludge was blocking the tubes in the heater. A shut down became
( necessary after the 1100 reading.

When the heater bundle was removed, we found a very heavy
deposit of scale which was effectively removed by flooding the
bayonet tubes with dilute 5% HCl. The reaction generated a large
amount of frothing indicated the release of CO2 and identifying
calcium carbonate - an alkaline scale common 1in sea water
evaporators and easily controlled by acid injection.

" Since there was still 600 gallons in the storage tank we
decided to try acid injection. Fortunately we did no have enough
HC1l but we did have a considerable quantity of EDTA (HAMP-ENE ACID)

which should tie up the calcium. We calculated we would need 8 1b.
to treat 1000 gallons.

The next day we added 4.8 lb of this acid to the remaining 600
gallons; 4.6 oz. in the VC tank; 1.0 1lb. to the 3rd stage MEMS tank
and 0.6 1lb. in the 4th stage tank. The milky solution in all tanks
became crystal clear with addition of the EDTA. Test No. 2 was
restarted at 0738 September 15, 1990 and we soon became aware that
the distillate conductance was falling rapidly from a low of 350
micro siemens at the end of the previous aborted run. When the VC
got up to operating temperatures and capacity at 0830 the sample
pot was down to 33 micro siemen and the tank, 108 micro siemen =~
by 1030 8 and 10. We actually recorded as low as 5 in the VC pot
and 6.3 in the VC tank at shut-down 1320. The slight amount of
scale that had formed on the tubes of the VC dissolved as did scale

on the shell.
a7 olzy
ST
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The pH of the feed ranged at start from 3.3 rising to 4.4 at
1230. The pH of the VC distillate averaged about 4 due to CO, pick
up from the breakdown of the HCO., to CO, with acid injection. the
distillate from the fourth stage flash"sample pot in the eductor
suction ranged from 20 to 35 micro siemens and its pH was alkaline

ranging from 8.7 to 9.2 since all of the co, had been stripped in
the VC,

The first results from Pioneer Laboratory indicated that the
VC tank precipitate was principally calcium carbonate and since we
already suspected the scale in the heater bundle was calcium
carbonate we wondered where all the calcium was coming from? A
check of the remaining chemicals soon established that a mistake
had been made in that calcium nitrate and the sodium nitrate
quantities had been reversed 53.2 1lb. vs 3.5 1lb. This test is
therefore invalidated but it certainly taught us some valuable
lessons about the chemistry, particularly the effect of alkalinity
on water purity. It also revealed that we could attain the desired
concentration ratio under the most adverse conditions. Because of
the finite feed we employed the technic of coperating the MEMS unit
with city water in the upper stages -~ in this case the three top
stages and modifications in the fourth stage concentrate tank
permitted the residue to be reduced to 46 gallons, or with two
stages as in Test No. 1 to 104 gallons. By simple arithmetic if
we wanted to attain say 360,000 ppm from 12,000 ppm feed we would
need a supply of 104 x 360 000/12 000 = 3120 gallons based on final
two stage operation; and 46 X 360,000/12,000 = 1380 gallon of feed
stock based on 46 gallons of re51due and single stage operation.

Now that we have to repeat the test it would behoove us to mix
up the chemicals previously listed into both tanks (2800 gallons).
At start-up, both the VC and the MEMS should be fed in parallel for
the first two hours, at which time the VC will have stabilized at
about 24,000 ppm i.e.

At start up the VC has 150 gallons of 12,000 ppm solution in
the system and in the first two hours will evaporate about 3/4
its normal rate of 100 GPH or 150 gallons so 300 gallons of
feed will be reduced to 150 gallons at twice the feed
concentration. From here on the two plants will be fed in
series at a rate of about 150 GPH; with the VC evaporating 90
GPH the concentrate will then stabilize at 30,000 ppm, and
remain at this concentration for the balance of the test
blowing down the 60 GPH and 30,000 ppm to the MEMS.

After operating to reduce the 2800 gallons to 400 gallons
residue in 2400/150 = 16 hr. the VC must be shut down and the MEMS
must continue to operate until the 150 gallons (about 2 hr.) from
the VC is evaporated and then the concentrate of the MEMS residue-
(250 gallons) will average 134,400 ppm. The MEMS must then be shut
down and the top two stages dralned to the third and fourth stage
tanks. Operation can then continue until the residue in the two
tanks and both stages are reduced to 104 gallons (the minimum to

//}/,'71,1, S! 4‘



keep pumps operating) and then the residue will average 323,000
ppm. If further concentration appears possible then the MEMS can
be shut down again; the third stage and tank drained to fourth
stage tank. The third stage can be rigged to operate on city water
and the test continued down to 46 gallons where massive
precipitation should occur.

In summary we would like to reiterate that this type of
testing is not R & D as we understand is the 1nterpretat1on at R.F.
Feed stocks vary so widely at different sites that Licon makes
their test units available to the potential customer so that the
chemistry can be analyzed before field testlng. Field testing is
still necessary if the feed stock varies but these shop test
provide valuable data for quickly optimizing the pretreatment
necessary to get the best quality of distillate and the maximum
concentration ratio. The adjustments that had to made to the
pla.nts were made purely to get maximum data from limited feed stock

since we will have to store the sludge and probably dry it to
dispose of it.




LOG SHEET ON ROCXY FLATS POND WATER TESTS

JUB NO. 901
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TIMB: 6.3 Tt (mee. 1020 18000 [oxclsinn [Galinan Limva Viiter /1122 C
TEMPERATURES : ' ' "
T1 FEED SUPPLY 221 #4191 89 9] 9nl 5] @
©2 PEED TO VC AN 41300035 Y 137 @ 15¢| 92
3 VC RECYCLE FPEED 1721 /22130 130 176l 1791 25l J23] -
- 74 BLOWDOWN TO MEMS /601 163 ) 162] suz] 7167 A9\ /69
T VC SUCTION 1280 J70 VL 1zst izst sl 17s 176 194
T6 VC VENT I3M-18% 1192y 152 y92l a2 | jasl ks
77 VC CHEST . . - WILIVig7 | 46l /96 | j90) /94 | 1923} /58

T8 VC EDUCTOR DISCH. /23 /54 19 19p) 794} 1R3 182} /32
T9 VC DISTILIATE IN BX{ /77| /79 | 133 IR2 Y 178} /44 169\ 1 V¢

710 VC DIST. OUT HX m jool Jeol 949 | ;o7 /le_ lco| 10D
T11 1ST FLASH VAPOR || " A | 9 | jolies | seal kol
712 2ND PLASH VAPOR |- A 156\ 1591 15y 156 | /ss1
T13 3RD FLASH VAPOR 291 (30)1=3Y 1341 /2]
T14 ATH PLASH VAPOR 9 7zl Vs
" T15 COOLANT INLET n. 411 99199 961 -
T16 COOLANT OUTLET l o 9q 1 ,07] 93 /09 | 104
T17 4TH PLASH CONC. N TRy azlng L s
° 718 ATH PLASH FEED \ o A2 J26l s | 729|745
T19 3RD FLASH CONC. Y w1 /35| 39y ezl /37
T20 3RD FLASH FEED N\ x ed lrsoliss | 150l /v9
T21 2ND FLASH- CONC. A § |7 /561,54 551 /537
T22 FEED TO HTR. AN o )63 | Y 42l ko) 158
T23 QUTPUT FROM HTR. fﬁ d: i 1701 170y 1>0l /73
F1 _PIRST STAGE RECYCLE|| VW Hetrn yptoed- ot 22 gpnd /3¢ 7962 ] -
F2 ' VC FEED RATE LA 13 | 3 13 2] 2 A
F3 VC BLOWDOWN Wrs ) sl =1 sl 2] 8l
P4 VC RECYCLE . 32 g 36 372l 2l 277 | R4 32

HL Ve BRINE WEBIR Coml /¥l syl 2/ | 2 3\ 2% | 2%
H2_ 3R §TAGE WEIR Aon || — | = | = | opeid zeend 20 |20 | 20

H3 4TH STAGE WEIR — | — = \2ninlem| &0 | 20 | 20
FEED TANK LEVEL /475 lr4e0|/d25] Y | josob8soldsol 75 Peo
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: JOB No. 901
POND WATER 3 nJ DATE: & ., ;
"TIME: 230190 | 23cl /oico Vh3p 111100 1225 | i 12°32

' TEMPERATURES:

(~ TL_FEED SUPPLY 9l 1 721 g2.) o0 |5 | 9Y 74 |qu C?i
T2 FEED TO VC 1491 169\ rse\1dv Vs L | fepliggl 1@
T3 VC RECYCLE FEED 1361 /86 1 /Bligr lisa 1193 AN ARRE
T4 BLOWDOWN TO MEMS Q2 102} /6o '

1oy Ves Vs | /641769

T5 VC SUCTION )75\ 176

12517 1ige Vizo V7% V)25t g
T6 - VC VENT 1G5 I8 a5V 1as Vs Viss Y 196 ) 192] re4
=1 VC CHEST W19 Foo /971200 V97 190 | 198 /941 /94
T8 _vC BDUCTOR DIscH. || j¢7 | /89| /45

199 g7 /ey 1 184 17401 /€3

19 vC DISTILLATE IN BXI 146 | 14| /72

172 |74 | 176 (291767 /722
T10 VC DIST. OUT BX URAW/AWE TR TE A V- SR W AR AT
T11 1ST FLASH VAPOR M a 1/301ho s {1 ol /ég\ 746
T12 2ND FLASH VAPOR - ) 168 1<y 155 | 1) 1 | /&) /8
T13 3RD FLASH VAPOR /251136 |y | ¢ [2L) /29 729
T14 ATH FLASH VAPOR / J20l120 |17 1 120 VIRNAIR W24
T15 COOLANT INLET { \ 1957 1102 | 9§ /0o | |00
T16 COOLANT OUTLET 2L Wit L Laz | eglinel /o7
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F1 PFIRST STAGE RECYCLE|| sutpn| 4ocin] 20| ove 1 Vtiozee| wosom | oga | 7567 &1
F2  VC FEED RATE |l 2183 )q2.45 1% 130 2 1313
F3 VC BLOWDOWN 2l =1.9],¢ 2 )] B 2ol Lo
P4 VC RECYCLE . 2l N2 3 P23 laylaxl 7
H1 VC BRINE WEIR )N " P 14 W14l 1 /U/ iy
12 3RD STAGE WEIR — | — |3\ |57 |37 S} 30| Qv
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M2 _MEMS DISTILLATE w6 | GO\ rs W87 0o Bhinto Bimi$lo0 7
M3 COMBINED DIST. b 179 13 18~ A2 1) | A1 42
V  VOLTAGE 17 2075 V985 Ve |28 V425 ol oy
A __AMPS 61.5 Ao sea izl se 2 | AL SE s
KW KILOWATTS

PP POWER PACTOR Il </ NS S B S N N




R

LOG SHEET FOR WATER SAMPLES
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POND WATER ) 15 70 ’ - 20//7/?'0 DATE: 7. {5~%>
TIME: Lo | 2o | 1030 ikl Apol2 30 Rzl 3o
TEMPERATURES : 3 / ) ‘ '
Tl _FEED SUPPLY G2 9 VT T
?2 FEED TO VC 174 > ? |
T3 VC RECYCLE FEED 13571 I i
T4 BLOWDOWN TO MEMS 518, b \ '
TS VC SUCTION 176 | L3 RN ‘
T6 - VC_VENT /98 P3N § QY
"7 VC CHEST 200| . Q@ y%| |
T8 VC EDUCTOR DISCH. || /36| TN 23 | |
T9 VC DISTILLATE IN BX{| /73| & Mo \ ,
T10 VC DIST. OUT HX ZIA N ~ = ] |
T11 1ST PLASH VAPOR 1 Z8 J24 V1781 174 178
T12 2ND FLASH VAPOR /56 R AATAANFAN S
T13 3RD FLASH VAPOR 1/9 1391 231 136 ) 123
T1l4 4TH PLASH VAPOR j02 ]I | o /623 4/023
T15 COOLANT INLET g 1071371 901 a3
.T16 COOLANT OUTLET /0] 99 {99 | 1011 %4
T17 ATH FLASH CONC. )00 ] Moo | 041 Joo
£18 4TH FLASH FEED /)0 230 Viz3l /24| 122
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LOG SHEET ON ROCXY FLATS POND WATER TESTS
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LICON TRANSVAP 150

LOG SHEET ON ROCXY FLATS POND WATER TESTS

JOB NO. 901
 POND_WATER R }¢ DATE: /2
TIME: -1\ 0O e PR I LIS T T IS I TR
TEMPERATURES : '
T1 FEED SUPPLY 321 21 82 22| %21 83| 33
T2 FEED TO VC /ISyl /8ol /57l lbo ) 728 140 17D o
T3 VC RECYCLE FEED /3% | /81 1791 g0l el /72l /ey
T4 BLOWDOWN TO MEMS 2y ul 290 4l 66| /621 8
T5 VC_SUCTION 167\ 174 sy 126} 467} 170 | /69
T6 - VC VENT 184 | /731991 /93 s8z) sy | s9
T7 VC CHEST (37 /N /3 951 78R /90 /386
T8 VC EDUCTOR DISCH. A3 172)772Z 101130 ~2) /76
79 VC DISTILLATE IN HX /| 1591 /67 Yl ks /73
T10 VC DIST. OUT HX 7Y 102} /091 106} 9£ | o0 @u
T11 1ST PLASH VAPOR /8T ) /30l /Hl /78] /%2 /7Y
T12 2ND FLASH VAPOR 169\ 7691 149\ fpu ) 1O) ) 146
T13 3RD FLASH VAPOR 126\ 1ol 26| 28] 1261 @ /29
T14 4TH FLASH VAPOR Ly /07 I ANYAR /27
T15 COOLANT INLET 5% 6] 361 701 831 % | 92
T16 COOLANT OYTLET 60| 297 741 313 | 2
T17 4TH PLASH CONC- gt | pilps| pysleslc 2| pzt
T18 4TH PLASH FEED po 2zl VU aad | n s
T19 3RD FLASH CONC. AN RN S Y
T20 3RD FLASH FEED /56 /351 /53] 52| AT WY /5y
T21 2ND FLASH- CONC. 1651 J64 17601 164 /63IRN G| 6S
T22 FEED TO HTR. 17t 17z) 175) 91V 7761 N2 g 70
T23 OUTPUT FPROM HTR. /92 32 )RS %) | /¥7 A
F1__PIRST STAGE RECYCLE||ypsn.) ccelioeml o | vo SO
F2  VC PEED RATE /21 3/4]) 3 3 7 g
F3 VC BLOWDOWN — — | =] — |re 1 1,
F4 VC RECYCLE 2 2] 3 2 = 2
Hl VC BRINE WEIR A NYANE K T 1
H2 3RD STAGE WEIR A XA N Y 3!
H3 ATH STAGE WEIR 3" 371 3"y 30 3 3
PEED TANK LEVEL jino || 15| 1pp0l 227 850 L1us] s | s
M1 _vC DISTILLATE A - = {1032 233 PXa7122 00 20 B2 |
M2 MEMS DISTILLATE/; 12|l % me/-/msi%g,ﬂﬁ,7;:4%9,\3/,?7;%%0
M3 COMBINED DIST. 2ol 79 1Al =l al wg | g3
V  VOLTAGE 435 | ¥75 535\ 499 uls
AMPS SR INUTEN N SRR I G <
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LICON TRANSVAP 150
LOG SHEET ON ROCKY FLATS POND WATER TESTS

JuB NO. 901
POND WATER Rn/ 4.t 2/ DATB‘?/?.s‘/;
TIME: Z.9p ZZaj oot zclatus ladaldon e a ol A 2n Vi
TEMPERATURES : ' B
T1 FEED SUPPLY 4] 39| 34| &4 34 | '?5# A5 3|
T2 FPEED TO VC /ol 2% 162} 130 £8 | /54 /52| /57
T3 _VC RECYCLE PEED 182 176 el /4 170179 72 g
T4 BLOWDOWN TO MEMS 34y /3% /2T g /64 160 |15l /A3
T5 VC SUCTION AR AN ANY AN 1657} 170 68 /76
T6_vC VENT AN RN ANY
T7 VC CHEST : 192y B2 200l 196 /86| ja4 19| /98
T8 VC EDUCTOR DISCH. 18y 12| /37 | 177 /30| /831,31 /52
T9 VC DISTILIATE IN BXH o9l 9| gz | /63 172} 1721 /28 /%
T10 VC DIST. OUT HX a3l milugy @ g4\ 38724l so
T11 1ST FLASH VAPOR ol 170 | 1431 /%0 IV WT
T12 2ND PLASH VAPOR AR NS AR AN . Y W2y
T13 3RD FLASH VAPOR 1351 & Lol 1ug 13ul 731729 /3/
T14 ATH FLASH VAPOR AR AN 129 ) 129 121 /24
T15 COOLANT INLET AR 4b go| 6l w6| >
T16 COOLANT OUTLET AN 79 W] o | 22] 2s
TL7 4TH PLASH CONC. AR 25| 1z Ve 223
T18 ATH PLASH FEED ool N /33l w7 /3] 129 727 sz
T19 3RD PLASH CONC. AR IS5 154 s ;32\ /39 7#0
T20 3RD PLASH FEED 111 . 1772} no Isa| 199 795 j &
T21 2ND' PLASH: CONC. o N 7l 164 /6o | 155 Vst sy
T22 PEED TO HIR. oo |4 /80| )y /66 | otz o2
T23 OUTPUT FROM HTR. 169 |V BN 125 YR RY AW
F1 PIRST STAGE RECYCLE{| wotp | vaxmlio | «o | 40 |. g0 oo |.¢o
F2 VC FEED RATE 9.{| 25 | 2 ki 2 3 2 3
F3_VC BLOWDOWN Lol 1,6 Vi) 1 AR AN IRV ANa”
F4 VC RECYCLE : 3 3|+ 3 3 2 13 3
HL VC BRINE WEIR RN TR N A WA V1
H2_3RD STAGE WEIR ) 3 ) 3oy ") 3 1 2] 3
H3 4TH STAGE WEIR S I B T Sl 33 3
FEED TANK LEVEL 550\ <00 450| wo0 350 | =op | a5 l200 |
ML _VC DISTILLATE 8293 Wuwo 4485532 PR ilBhasp P82 [550¢ |82
M2 MEMS DISTILLATE 124191812927\ 703u) 0w 7 Vha o | Hy7009 |1 790 | 1790435 00
M3 COMBINED DIST. — g5 1oyl ua | o 3 s3134) 2435
V  VOLTAGE 4735V ua2s { w7 ury 415 | 475} wg 4~
A AMPS 22231452 fuel | 227 i {5%;‘ s e 4,3
RW ZTTNuaTTC -
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LOG SHEET FOR WATER SAMPLES
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POND WATER Qn/ 4., %/

DATE: (?/25/c

TIME: Z.1n 2701 oo Pzl arvo lar vl <on | oon Bre A 20 |2
TEMPERATURES : | / | B
T1 FEED SUPPLY L84 39| 24| Y 4| Ry x| 3|
T2 FEED TO VC Jio ) 2% /62) 130 c8 /:7,:r )5l /57

T3 VC RECYCLE FEED 122 1761 1yl 1 17U 17 72l - e
T4 BLOWDOWN TO MEMS J3d) /3% /271 g /64 /60 |/sal - /43
T5 VC SUCTION 120V ol /ol I 165 yul 68 /4
| T6 - VC VENT A AN J84 1 syl 8y | s9¢
T7 VC CHEST » 1920 82| 200| 196 /361 mel/9l 198
T8 VC EDUCTOR DISCH. J3CN 101 /37 1\ 177 /30 /388183 /52
T9 VC DISTILLATE IN BX{ 7ol /69| 42| /63 )72 179V 7780 72
T10 VC DIST. OUT HX a3l /a1l g5 Gy | 138|724 10
T11l 1ST FLASH VAPOR 1701 170 | /43| /%0 4 62\ 5 /56
T12 2ND FLASH VAPOR AR DGR NG
T13 3RD FLasm varorR || ;35| & | 0| jug 13ul 7311729 /3
T14 4TH PLASH VAPOR a2l 1y Jay /29 /| 12 /2
T15 COOLANT INLET 52 40 0| 951 =6| -2
T16 COOLANT OUTLET 66 § 7@ P Q 32 Qs
T17 4TH FLASH CONC. 901 1 EANEIR el 12zs b2zl 723
T18 4TH FLASH FEED pol ¥ 1330 9 - 73) | 129 729) 722
T19 3RD PLASH CONC. AR 155 15} RS
T20 3RD FLASH FEED 7] . 172) 150 Isal 194\ /95 e
T21 IND PLASH. CONC. o AN 2] 66 AR AN
T22 PEED TO HTR. AR /801 )/ /66 /boliezl o3
T23 OUTPUT FROM HTR. 163 | N B 15 /N SBTVEB 59
F1_FIRST STAGE RECYCLE|| uosp] varm|1o | 40 |- 20 | wo 4o |.«o

P2  VC FEED RATE a.<| 72512 3 = 3 2 3

F3 VC BLOWDOWN 2 AR VAN AN N ndl )6 176 G

F4 VC RECYCLE . 3 31 | 3 2 | 2 3 3

HL VC BRINE WEIR A ARV ALEN B R AN B K R B YAl ]
H2_3RD STAGE WEIR I N BN " o3 3 3+
H3 ATH STAGE WEIR A I 3"t 3 R 3" 3} o3
FEED TANK LEVEL <50 | <0 | 450| woo 350 | zop| ss0l0n | o
ML VC DISTILLATE 236 3 [P2su0 Frugn s> B A8 410 %52 26| ¥oo0
M2 MEMS DISTILLATE a0 7)7034 Yuur Fiako |H7u09 1 7va0 | 17045 7.9
M3 __COMBINED DIST. — 145154 w4 ] ol sa | 53134 43

V  VOLTAGE v75 | 428 L u25| usy g5 | 475y w5l .-~
A AMPS 22351 4p3 fued | 227 A il oup | oz

KW RILOWATTS i




JUB Nu. Ul
POND WATER Apn/ 4. &/

DATE:F /2 o/

TIME: Z2.90 274 Voo [Vzelavs la: 30l oo e Bio A2 |
PEMPERATURES : |
Tl FEED SUPPLY L ogyl 9] 2y &Y 341 -3 4 25| 3|
T2 FEED TO VC 2ol 125l 1621 130 8 ) /54 V/sH /SR

©3 VC RECYCLE FEED 132y 176\ hy\ 1A 1s20 177 72l 208
T4 DLOWDOWN TO MEMS RUIE A VA1 64 | 160151l /63
TS5 VC SUCTION 190\ o\ ) 7 ' 1657 1741768\ /7
76 - VC VENT Aol Aol 1981 /94 84 19u\ 81| /9%
©7 VC CHEST - 1928 a2l 20| 196 /36 a4V 9) /198
T8 VC EDUCTOR DISCH. 19Ct 1047371 177 /30l /38183 /52
T9 VC DISTILLATE IN BX{! 701 /1| Jt2zl /63 ] 72 177Y 728y / A
T10 VC DIST. OUT HX 92l ming) 951 g4 | y38l/24) sro
T1l 1ST FLASH VAPOR 1ol 170} /43 /%0 691 /62 s /66
T12 2ND PLASH VAPOR AR A NE] i) 1531 /57 /58
713 3R0 Praso vaRoR | 35| & w0l jug Ryl s3lreg) /3y
T14 4ATH PLASH VAPOR 2 A\j BYRNEL ANEVIN S eSS,
T15 COOLANT INLET 521 5b go| 96126 »9
T16 COOLANT OUTLET AR L K q) | 82 Qs
T17 ATH FLASH CONC. 90 | EANETAR s 1252 ) /723
T18 ATH PLASH FEED ol ¥ 1733 7 /3) ) 729 /29) 722
T19 IRD PLASH CONC. AR IS5\ )b s\ 52| /32)7%0
20 3RD PLASH FEED 157 172) Js0 Isal 194|175\ 1w &
T21 2ND FLASH- CONC. o | |74} 166 /60| 1S5 VEL /57
T22 PEED TO HTR. IR 180} )7/ /66 | /bolitz]| 63
723 ouTPUT FROM HTR. || /63 |V BN 15 /7 SRV LAWY
F1_PIRST STAGE RECYCLE|| woen) vamlio | 40 | ©0 ). wo |40 | .«o

F2 VC FEED RATE N o<l 25 |2 3 =z 3 2 3

FP3 VC BLOWDOWN NN N Vbl )6 V16 /G

F4 VC RECYCLE . 3 313 | 3 3 2 3 3

H1 VC BRINE WEIR O VLA I B R AT WA WA

H2_ 3RD STAGE WEIR ) 3] 3y g 3m) 3} 2 3~

H3 ATH STAGE WEIR 3 3"y 3 R 3" 3y 37
FPEED TANK LEVEL <0 | <on | 450 woo 350 | Bop | 5T | 20 | L2
Ml VC DISTILLATE 2203 P20 %44 eSSk %g?@.Am V52 EAA vz2e |
M2 MEMS DISTILLATE 17519 (6757 7030 30ev s Yo | Hi7u0a 1 7va0 | 17945 295
M3 COMBINED DIST. — g5 164l ua | 6o Py s31341 435

V  VOLTAGE v75 | 425 w5} uiy 15 | 475| w5 4-7

A AMPS 221288 4p2 Yuc | L1, | s e w4
KW KILOWATTS : i ! ' ‘ '




?ocku Flets Cnl 924/9 Rialerd). Byotle
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330D |10ve |1030 | 1100 | /130 [1200 | 1230|100 1130 |2ce |azo
»</ [VC_FEED PH 9.7 137197 19,7 | 972|347 [9.7 |92
FLASH DIST/COND. T~~* |03 |ab2l0,92 lo2g o201y (0921010 m %
FLASH DIST/PH " £.0 172) L3164 163 |L.4 )28 | 2. R
VC DIST /COND. Jank 000 1 no] | 806 |ops o035 ops | 405 |ant
-[vCc_pist/pH " w2 1 ssls2ls3 s (o4 153144
*4$ |DIST/COMBINED COND. 0,44 10.18 | 0.22 | 022 | 025 |9.52 | 0.29
24~ {IDIST/COMBINED PH Lo 1SS b0 |55 100 LS |83
*¢ |FLASH CONC. PH 192129 129 122122 1724 123
oy VC CONC. PH Tank 2.0 | 3.412¢.b |9,06 18,2 |bs 126
. k) Feellrnd.) 13,99 [14.01 {1404 1907 | 1907 1408 {1410 | 19,10
5 Flagh Coceubretolfond)) | 116,99 1202 199 |1932 pava beeeoe |2omes

21 Y Dixt 5%;019_’)%?‘(&%;4\) 0,02 |o0.09 |201 lo03 {@e¥ |dos o1 | o.04

2] V¢ Dist Semple PAE(PH) |20 122 |27 1726 |25 |24 163 1727

=2 ﬂask"msrswa’.LW(Cmﬂ 0,13 |ov7]006 |0.05 |lo04 {004 | 6,67
2 Hash Dz Savple Pot (PH) 29 | %9 (2.9 |87 |20 |29 (12
YC Cone . ek {fond)) 1200004 s troesos lacocos \naceor 3o | 3peses | u

/4// Cmﬁua{:v,:/f Mtasweﬂ %
w0 5 074 aMed o VCcomeandrate Tomk.

——— T T TN e

220 /Q _r)\“:{"ﬁcuow L/D/Ae«“
2191 Ve Beek on lme
17235 aslled \SE eprm B YC Cone.falf
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235 ve shddor HA

238 Y TRaek oalime
250 Ye Sw?lg 7—36"' (e 0.04 nyfem @ 2.2
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‘-’cqc Flush Cone 62mS @ 1730
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I 1N} LAN w

Jz Leetid - ;,_) o ‘> gc(a[ recclis n see /:ol' reudm35

Flewd

|E02

a7 n "

Ko <y Flets, &/ 9/25/90 (Jeidid
TIME <Y ’ :
4 230 | 300 |330 |490 |30 | 500 | §30 | (o0 | 432D | 200 | 230
© . IVC_FEED PH g2 1 %7 1729 {1235 6.9 125 | 32 |%¢
FLASH DIST/COND. 23 |Ly? 1290 {2.87 199::;30 283 | 346 1 8.9¢
FLASH DIST/PH L? 127 167 s 169167 167 ey [4.9 -
VC DIST /COND. 0,05-10.¢c5 [0,0¢ locd [0.65 0,07 looy | 025 | vol
VC DIST/PH $2 15/ 152 12 1831452 154 1556 15,5
+4 |DIST/COMBINED COND. 0.06 1093 |04 1207 125728 1114 1009 1239 | 2.20
74 |DIST/COMBINED PH Sl LO 1 S |53 ? 14,2 1<5 ({28 | &7
s/, |FLASH CONC. PH b (7.2 25 128 1729 172.9 |72y (20 |20
VC CONC. PH g4 155 18.5 Va’.{ .72 1 g6 |27 |22 |28
Y Tomk Feed (Cond ) V1127 129 Lig2p gt |ig Loy L) oz 1oy
S ocid [ Or. Seale wse  Ottseatl | L C el e iv oty L0R0¢ } o a e
b Flesh QOsraombate (Cand]) 1zm500m |77 1300 |2 | e‘ e
YC DS Samole Bt (fmd) looa looy 1603 903 1003 1902 007 laoz | o.03
e 1
VeDIST Seggle B (PH)_| 2.6 |7/ 720 9 e 1o gl28 ik 172
Flagh DIsT Savyg 54)%%(@*:(2] a32_lojg 111271021 |g11# 224 1003 los3 oo
Flash D)sT 5. Y 1.7 e leg b A 916,512 X
—L’_-EL* Mp—i’%% CE‘Z }?‘ﬁft”&ﬁﬁﬁ'ggﬂéﬁgﬁu ,&-‘,@[" wérj"’ s Tg la’!w-’ Te LﬂZ&E‘lo
Y& _Qongentrate Tavk (tond)) 502 x s
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aras s LT AO-7

TIME: 9. 30O 10.00 V0. 2o | /00| 11130 | 12001230 Voo /30 2i0d
TEMPERATURES : .

~ 1 FEED SUPPLY _'22 7710 770 971 71 77 77 T V7

72 FEED TO VC b2l 195 137 /5_‘1{ 146y 142 fSl 3 166
T3 _VC RECYCLE FEED IR 177V /691 /72| /73] JOTI_ Jbl 6] /Y6
‘T4 BLOWDOWN TO MEMS 5ol 65 )65 /67 1 681 /66 bl 766 /6¢
TS VC SUCTION VO el 10 1751 7751 7700 169\ 169\ /7S
T6 - VC VENT N QQ 19811911 1971 1961 190 19 /% /97
1?7 VC CHEST N L ol 192) 891 99 1911 19p] /o] /94
T8 VC EDUCTOR DIsCH. || /82

138 /321 7391/84) 1981 130l /g0l /87

T9 VC DISTILLATE IN HX{} |76 )0

1) 1ol 1250 1240 721 /990 794
T10 VC DIST. OUT HX 821 94l 901 92| 920 920 9ol 90| ,/0
m11 1sv rnasa vaeor [ T jsg | /79] Jeo | 726d 779k 1241 176] 7 7¢
T12 2ND FLASH VAPOR X1 s0l se) | BIN /653 1651 4yl s64) /65T
713 3RD FLASH VAPOR

usl izl 1321320 N jzal 7zl /23

rob) /14 1231118 | /sl Jzollzo| R
go| 83148 | 87| 9| 9s1 ¢

921 991 931 03| /001 95 Vo5 6

957\ o4\ Jzol y12) st 116V el )6
o4\ 120 12,9 RVINZR A X X INET

T14 4TH FLASH VAPOR
T15 COOLANT INLET
T16 COOLANT OUTLET
'T17 4TH FLASH CONC.

L T18 ATH PLASH FEED
T19 3RD PLASH CONC.

/ FrepS | O 4/
A7‘PAQ//"JJr
o)
W

7Y Po
<
N
3

: 16 /3?‘ 40\ (26 \ 734 V134 | /3¢
T20 3RD PLASH FEED N 1239 yjudd 1504 /51 /s 150 10| /5D
T21 2ND PLASH. CONC. AN Jbol s61] 166 s 765 /62T Joe] /62

@ T22 PEED TO HIR. W S se2léa | 1o s | 765 65| Kis| /65

A T23 OUTPUT FROM HTR. w Vgl V23 Uz 072 U V771V 77
PL_PirsT STAGE RECYCLE|| yo | 40| yp | wol o | 4o |.y2 | yol. vo
F2 ' VC FEED RATE 32| ) 32} 372130 32 AR AN
F3 VC BLOWDOWN Mo Vol gl 6 Vel r6 ) 1elsel /@
F4 _VC RECYCLE . vl eV AR R/ ARBAE A EAEAREA)
H1 'VC BRINR WEIR AN ERNE molop /! IS L /Y

12 "3RD $TAGE WEIR 221 "3 o3| 3} o3 | 33 37
H3 4TH STAGE WEIR EL s YO YL 3" 3 M- 34 2.
FEED TANK LEVEL

14D [pod} 150 (050 980| 900 | 33512722} 718

50943121026 | 270791 2126 |41 701%0 ) A2 58 B 30 B% 335
M2 MEMS DISTILLATE/)ss3|| - @7& 17525?/37615’ ‘fqéﬂ,é/%?‘fg%vot{ 377750
M3 COMBINED DIST. SL o2l 771 70 ~')<6ﬁ._ Y Z
V  VOLTAGE 475

4I5SV w78 w75 T el yos | 415 lyasl wos
A AMPS sS85 u) 0l 39 |1 93] 3.2 0509 <y
KW KILOWATTS :

PP powee »ACTOR 720 I A B TR B A =22

M1 _VC DISTILLATE JnGL <




TIME: 19130 | 3iop |30 |«t0a [9!30|S100 | 736 [hia] 630
TEMPERATURES : .

(1'1 FEED SUPPLY 37 01 32] 32 32 ?5:&
. ¢2 PEED TO VC ]34 ¢ | ju2 ) J42) s /s2
T3 VC RECYCLE FEED /6 v ARANCAVE. WNE
T4 BLOWDOWN TO MEMS /éu 166 pd\ 1701167\ e
T5 VC SUCTION 170 \Y, 170\ 70\ 7231190\ 178
T6 - VC VENT 189 D /921 42| 19¢| laz)| /92
T7 VC CHEST - /90 3 /9y /QSZ 198 | /94| 1 ¥
T8_VC EDUCTOR DISCH. || /79 4 ] 36 /it 182] /9ul 794
T9 VC DISTILLATE IN HX /74 \ 1726 170 s70| 172} 769
T10 VC DIST. OUT EX Qp \ el 92\ 9zl 920 92
T11 1ST PLASH VAPOR 1% NN 1761 /7/ (2117221 172
T12 2ND FLASH VAPOR st N Q 1681 s\ 51 /661 76%
T13 3RD FLASE VAPOR || jay| AM] 127] 128 | /281/39] J3e
T14 4TH FLasH varor . || ol M| Y NEANE, //7 /19
T15 COOLANT INLET AN 31 261 Wl a6l 36 |
T16 COOLANT OUTLET 9z K| el 981 9ga1,0/ | /20
| T17 4TH FLASH CONC. psl 1N RNV NS
( 218 4TH PLASH FEED 124 vl )| 1221 (24| )2y l/27) 127
T19 3RD PLASH CONC. 257 V| S /331 132 | 136 1/38] 139
T20 3RD FLASH FEED NS 1sol /¢8| jus /50| /52
T21 28D PLASH CONC. AR 65\ iy | Jo41/6S ) 166
%122 PEED TO HTR. /b5 A /st scul 164l /z51 )86
AT23 QUTPUT FROM HTR. 1| N /B3 172 178 7a) 1 7y
F1 _PIRST STAGE RECYCLE|l ¢p M 40\ ol go| wo |y o
F2 ' VC FEED RATE 2| Y W | R)-l 3213/ Ve
F3 VC BLOWDOWN 16 | XY A [6 176 J6)16] 1.6
F4 VC RECYCLE 3 N 3 3 3L137) 354 |
HL _VC BRINE WEIR I TN
12 "3RD STAGE WEIR 3 3 3/ 3 37 3
H3 4TH STAGE WEIR ! AR s A EG
FEED TANK LEVEL 643 syl oy | a3y TS

. 9] - T Y/
M1_VC DISTILLATE '@H}j‘? 2919 '@w;sg%\sob Z45YZ | /53T 22
M2 MEMS DISTILLATE _ |P112S) /98 1980111586 |P179108 5985757 2/
M3 COMBINED DIST. e a5\ 74 | t5 { ol 6o
V  VOLTAGE 425 4751 475 a5 lvos) s
A__ aMps 41.] do.0] 441 58 | 98| g5
KW KILOWATTS
PP POWER FACTCR a7 b AR




FOND WALER ~S)=) 40t  ~—

DATR: - 24 2,

TIMZE: 00 | /30 | 8| &30l 900} -

TEMPERATURES : 5 .
" vl FEED SUPPLY ‘g2 93| 93 34}

T2 PEED TO VC syl 139 1w (9o @53)

T3 VC RECYCLE FEED 68\ 1251 178l /751 oo

74 BLOWDOWN TO MEMS AN ATAER R

TS VC SUCTION 72 w7 | /NS L8P

T6 __VC VENT a3l 197yl /93[3. ‘

77 VC CHEST : as51 194 1961 /991 2

18 _vc Ebuctor pIscH- | /(| 870 87 Ga KT

19_ve prsrurate I8 Bx{l vl /o4 90| /26[%

T10 VC DIST. OUT HX 4l o1l reol 9% 4

T11 1ST FLASH VAPOR A EYAN AN A WAA

T12 2ND FLASH VAPOR gal  gul /631 1631 jeo

T13 3RD FLASH VAPOR || /79| 3/| /21| /30| /72

T14 4TH FLASH VAPOR pnal pal gl 18 Vizo

T15 COOLANT INLET 261 861 331 &1 Q9 -

T16 COOLANT OUTLET joo | /ol soll so7.\ 96 -
- 'T17 ATH PLASH CONC. 17 3y 472y uz N\ Ji7 )
~ T18 4TH PLASH FEED AN AT A

T19 3RD PLASH coNc. |l7 Yo 14 lgo | o )36

T20 3RD PLASH FEED I AN AV

T21 2ND PLASH- CONC. 170 1651 /62 160 | 160

T22 FEED TO HTR. M 674 Jostséal 164\ /62

T23 OUTPUT FROM HTR. 125V 13 V178 172} 19y

F1 PIRST STAGE RECYCLEY 40| 4ol ¢o| v0 | wve

F2 ' VC FEED RATE el 3| | 3| —

F3 VC BLOWDOWN el 4.6) )6l 26 61 i

F4 VC RECYCLE . 3z Wl 3 37 ) — T

HL VC BRINE WEIR " T JO ) — e )

H2 " 3RD $TAGE WEBIR 3 3" 3y 31} 3
" _H3 ATH STAGE WEIR S EE R L

PEED TANK LEVEL 233 {709 | 1331 \

Ml vC DISTILLATE zzéz-zg“@é(,o gfmm %’m 21799 21810

M2 memMs DISTILLATE/29nH%op) a3 7 U304l 12098} 19100

M3 __COMBINED DIST. 751 76| %6

V__ VOLTAGE uyg Va7s yaS| urs

A AMPS S g8 w7 b

KW KILOWATTS - |

.. A 1 < a 0~ 1
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 Docky Flaks, (ol Pam BN BethTa__ 94480 Richerd 1) Bacthe
TIME™ :
r“ 9.30 1000|1030 /.00 \N.30[12'00112'30| 1/00 | 1:30]|2%09 |2:30
¥4vC_FEED PH 8L |53 |2y &5 (g6 |82 |22 152 |82 .128
.|FLASH DIST/COND. 8,28 1616 1011 loog ooy {4603 003 |aoa g0/ (0.0/
FLASH DIST/PH 0.2 157 [y 159 1583 (5 12 I3 152 |50
VC DIST /COND. oos lo,p7 (0072 1006 1007 10.46 o0l |loos |2.202 |o.cb
_ |VC DIST/PH £3 154 |55 |57 15Ss 159 158 14 184 [ £ ¢
; “IDIST/COMBINED COND. o.26 | .2l {oa¢ loig (o) jolY |la/3 lo)sHleoy |82
» -|IDIST/COMBINED PH ¢ (&3 157 |65 s 1852 |66 (£6 159 |5
»-]FLASH CONC. PH 8.5 183 |3 134 (&Y |2y |94 |8 |8 |84
VC _CONC. PH 7 132 1%3 |97 1%38 |¢s |58 |28 |8% |28
P=THNK_FEED ~__{toND) 1359 112.85113.57 /-3;;{]7 Z‘Z,a’? 13,57 7/{3’,4/ ‘1“3,61 o/g,u 13.43
. cor seale. ore < we § . e < SCAIQ
6= FLAY LoNetNTRATE (¢oND) inel i P d i lsea T . w, ' 25,2
'Y¢ DisTiuLars wnerx(CoND) 0,03 0.04 |0.0S |0.03 |0.04 | 206 |0.03 [2.03 |0.03 |0.a3
Y& Distuaz sompeor(PH) | 126 L 26 |24 127 122022 129 129 |28 |2g -
TUASH DI M S+ PLLTOTICOND) O0b [0,04-6.00 |00l ool 10,01 |ooog [a0) |0.005 0.0/
 FUSH DIt e SANPLERST (K 9 1 92¢ 16516263 16,8 |63 |57 155 (62
: . . FSlZ ot senle [ £ I IR T T SN ST N sesead -
Ye_colteaTa TNk (eoND)__ 225 |° - | 13bas) Lol 60
Cmp7ang "~ APH) |27 7123 |43 |es(es (86 [§7 122 e | 1.¢ |2
FEED TN K {eoNd) 113.5% 11357 | 13.59 Lizsc | 13,69 (265 1362 1368|139 | /¢l 13,62
— AL Crmdusivity messwed Mg/am = = : = E
g/s0  9F ETIA AM b Ceed tamk
Zetsee EDTA  PH 47 conD. 131
Alter  EDTA  PH & aoND. 13,88 .
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400 ye ':BGJZLQ on liwe
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’?bckn, Flats, (o | Beeb> 2/26/5O R O Beatde
TIME 730 |s:00 | 5730 | 600 (4130 |7:00 | 9135 5108 |97 20| 100
7 [vC_FEED pH 9 _zs |89 [ R%1%0 (90 [9D0 190 |4 ‘
. |FLASH DIST/COND. aol ooy o0l loo) |22 o8/ ool 100! B0l
FLASH DIST/PH P |59 152 150 18,/ 1852 2 151 |52
VC DIST /COND. 0,07 10,861 0,06 |0,67 10,07 1007 1207 100721507
_|vC DIST/PH 1585 15y 153 €5 18 148185 ISy LG
> |DIST/COMBINED COND. 0.0b 16,07 |0.0b | 00k |60k |80) (027 007-10.0)
; [DIST/COMBINED PH $2 156 &b 1Y 18£8 1554 1.3 154 15¢
> [FLASH CONC. PH Y 12 123 183123 1¢3 |3 183 |83
VC_CONC. PH 2R _|e€ 156 143 %7 |8 |5 187 |89
" K e __(eoupy /3.3 1)3,6411367 13.43’ 132/ gﬁsx 1267 ;3}"3' Jg;i?, .
. . an ote il P4 e
2 FLAK CONCNTRATE (eowp)  [F1s53 it 148 I ) ‘

-Y¢ DisTuare smmerr{cond) 0,08 lopy 10,03 10,.03|00Y 100 |22 |203 |03

Ve Distaz semmezer(PH) 128 194 180 |20 |50 |90 |50 igo 19t

‘ FLASH Dysron i SAMPLLTETICOND) pol 20! 6,61 0.‘.01 00! 00/ '9,0/7 b:bl- 8.0/

. f%”?)ﬂl[l”%ﬂfpbroy) . 7':3 Al‘ (GIL 6.8# (dcg é.\{ é/( é-}: ¢ /

PG e [k Tale | R Rele |ufs cAS|TF IR S le e el? o((s_sg a(@ge
W ca-)czfimrz'mx eeny) liEs | I

( ZpTauk = (PH) |29 |se 55 |89 67 |90 5,0 9520

FEED TANK '[com:) 13l 11363 11363 113.6Y :3,4,7 13.6Y 13.44 r.gc, 43,7
-AlL Qav\.&uc'(:l\l;j] M&xs“.raQ MS/C_”L A : D

' F ml- 18
G 1630 3t S#aJc Tark /06 20 > md af‘ w-l 2 f‘ 12248»\36
*{@ /1815 qﬂxs‘”a,‘( Tk /67 20 s " 2 n
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