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24590-BOF-M5-V1 ?T-00011 I 7 I 6 I 5 ... 4 3 2 1 

H 

---

G 

F 

E 

__. 

0 

c 

B 

A 

PLANT ITEM NUMBER 
DESCRIPTION 

BATCH VOLUME 
CAPACITY I DUTY 

PROCESS CONDENSATE 
FROM DEP-COND-00001 

DEP-FIL T-00003 
EVAPORATOR 

FEED PREFIL TER 

130 GPM 5 MICRON 
NOTE 12 

DEP-AGT -00001 
LOW POINT DRAIN 
VESSEL AGITATOR 

,,-,-v-.. -\ 
(_ 40 HP .. ) , __ ,_,..._,; 
HOLD 2 

DEP-PMP-00001A/B 
LOW POINT DRAIN 

VESSEL PUMPS 

55 GPM 

DEP-VSL -00001 
LOW POINT 

DRAIN VESSEL 

6300 GAL 

DEP-VSL-00004A/B 
OVERHEAD SAMPLING 

VESSELS 

22300 GAL 

DEP-VSL-00002 
EVAPORATOR 
FEED VESSEL 

28800 GAL 

I D2 I BOF -00012 ,DEP04>---------------------'-----------------------------------_., 

CHEMICAL WASTE 
FROM LVP-TK-00001 

I D2 I LAW-00011 

OFF-SPEC CONDENSATE 
FROM DEP-VSL-00005A/B 

L VP21 

LAW_.
1

.,.BOF 

NOTE 6 

E2 BOF-00014 DEP20e~--------------------------------------------------t~ !----
(OFF-SPEC) 

CAUSTIC 
FROM SHR-TK-00013 
I B2 I BOF-00013 DEP11 

EVAPORATOR CONCENTRATE 
FROM DEP-EVAP-00001 
I B2 I BOF-00012 .. ¢EP05ci> (OFF-NORMAL) 

EFFLUENT CONCENTRATE 
FROM DEP-VSL-00003A/B/C (OFF -SPEC RECYCLEJ 
I E2 I BOF-00013 lill> (DEP13c) 

LAW EFFLUENT 
FROM RLD-VSL-00003/5 
I E2 I LAW-00014 

LAB EFFLUENT 
FROM RLD-VSL -00164 
I E2 I LAB-00029 

NOTE 11 
/RLD21' 

RLD41' 

LAW.,
1

.,.BOF 

'c:R-L D_2_7_) N 0 TE 6 

LAB_.
1
.,.BOF 

NOTE 6 

LI 

TI 

,,c, 

OEP-VSL-00004A/B 

~------oPDic-----~ 

Ps9 <f'.I~ 
NOTE 7 

I 

~ C---'----------------,---<DEP03a~----, 

DEP-FIL T-00003 

LI .8 ~ 
TI 

DEP03' 

DEP-PMP-00004A/B/C 
OVERHEAD SAMPLING 
VESSEL TRANSFER/ 

RECIRCULATION PUMPS ( - ...,,, -v-,,..-. 'l. 
( 130 GPM ~ HOLD 1 ....... _.., _ _,,_, .... .,.., 

NOTE 10 

DEP-PMP-00002A/B 
EVAPORATOR FEED 

VESSEL TRANSFER PUMPS 

10 GPM 

Pl 

DEP-PMP-00012A/B/C 
EVAPORATOR FEED VESSEL 

RECIRCULATION PUMPS 

,-,,-,,,-,,..-,_ 
I ' 
' I ......... _...,_,,,_,,_, 

HOLD 1 

VENT HEADER 
~----L_----------------~ DEP06 GS I BOF-00013 

~ 
NOTE 8 

,._----------t-----------<DEP01a~------, 

A 
'--------" s s 

~ ' I 
I 

e---------< F C 
PI 

NOTE 5 

DEP-PMP-00004A/B/C 

PI 

(OFF-SPEC RECYCLE) 

~ 
NOTE 8 

7 

I 

,._----------t----<DEP0201.>-------. 

PI AI 

NOTE 5 

f----j SS 

J 
PH 0 ' I 

I 

e-------< F C 

Ll -0 
[]_ 
w 
0 
v 

CONDENSATE 
TO DEP-VSL-00005A/B 

DEPOl I GB I BOF -00014 

VENT HEADER 

---<(DEP07 > I GS I BOF -00013 .... 

RETURNS TO TANK FARM 

NOTES: 

1. SEE DRAWING 24590-WTP-M5-V17T-00001 FOR GENERAL NOTES 
AND SYMBOLS AND LEGEND . 

2. CONTENTS OF THIS DOCUMENT ARE DANGEROUS WASTE PERMIT 
AFFECTING. 

3. ONLY MAJOR INDICATION AND CONTROL INSTRUMENTATION SHOWN. 

4. STREAM TABLES FOR SYSTEMS DEP AND DVP PROVIDED ON 
24590-BOF-M3-V17T-00001001 AND -00001002. 

5. DEP-PMP-00004A/B/C AND DEP-PMP-00012A/B/C ARE RATED FOR 
2 X 50% NORMAL OPERATIONS. 

6. EACH TRANSFER LINE REQUIRES DRAIN BACK TO THE LOW POINT 
DRAIN VESSEL, DEP-VSL-00001. 

7. BACKFLUSH PROVIDED BY PROCESS CONDENSATE (PREFERRED) OR 
DIW. FILTER AND SOLIDS REQUIRE CONTAMINATED SOLID MATTER 
DISPOSAL. 

8. OVERFLOW TO LOW POINT DRAIN VESSEL, DEP-VSL-00001. 

9. DEP-VSL-00001 OVERFLOW PASSES THROUGH A LOOP SEAL WITH 
LEVEL INDICATION AND DIW MAKE-UP. 

10. BATCH TRANSFER RATE IS 130 GPM. REQUIRED RECIRCULATION RATE 
TO BE DETERMINED BY VENDORS. SEE HOLD/OPEN ITEMS. 

11. RLD21 AND RLD27 TRANSFER FROM LAW THROUGH THE SAME LINE 
AT SEPARATE TIMES WITHOUT BLENDING. TRANSFER OF RLD27 IS 
AN OFF-NORMAL OCCURRENCE. 

12. TRANSFER RATE FROM RLD-VSL-00005 PROVIDES THROUGHPUT 
FOR DEP-FIL T-00003. 

13. TRANSFER LINE DRAINS FOR TRANSFERS FROM L VP- TK-00001, 
RLD-VSL -00003/5, RLD-VSL -00164, AND DEP-VSL -00003A/B/C. 

HOLD/OPEN ITEMS: 

1. PUMP SIZING FOR RECIRCULATION RATE TO BE DETERMINED BY 
VENDOR. 

2. DEP-AGT-00001 HORSEPOWER BASED UPON LCP-VSL-00001 AGITATOR 
DESIGN. DEP-AGT-00001 FINAL HORSEPOWER TO BE DETERMINED BY 
VENDOR. 

REFERENCES: 

1. 24590-BOF -3ZD-25-00001, WTP DIRECT FEED LOW ACTIVITY 
WASTE (DFLAWJ FACILITY AND SYSTEM DESIGN DESCRIPTIONS. 

2. 24590-WTP-RPT-PR-01-008, PROCESS STREAM NUMBERS. 

3. 24590-WTP-RPT-ENG-02-009, SYSTEM AND AREA LOCATORS 
LIST AND SYSTEM DIVISION OF RESPONSIBILITY. 

4. 24590-WTP-RPT-ENG-.02-010, COMPONENT IDENTIFIERS LIST. 

5. 24590-BOF-MVC-DEP-00009, BATCH SIZING CALCULATION FOR DEP 
(DIRECT FEED LAW EFFLUENT MANAGEMENT FACILITY PROCESS 
SYSTEMJ VESSELS' DEP-VSL-00001, -00002, -00003A/B/C, 
-00004A/B, -00005A/B. 

6. 24590-BOF -MVC-DEP-00007, PROCESS DATA FOR OVERHEAD 
SAMPLING VESSELS (DEP-VSL -00004A/Bl AND PUMPS 
IDEP-PMP-00004A/B/Cl. 

7. 24590-BOF-MVC-DEP-00003, PROCESS DATA FOR EVAPORATOR FEED 
VESSEL (DEP-VSL-00002), TRANSFER PUMPS (DEP-PMP-00002A/Bl, 
AND RECIRCULATION PUMPS IDEP-PMP-00012A/B/Cl. 

8. 24590-BOF-MVC-DEP-00011, PROCESS DATA FOR THE LOW POINT 
DRAIN VESSEL, DEP-VSL-00001, AND PUMPS, DEP-PMP-00001A/B 

9. 24590-LAW-MVC-RLD-00007, PROCESS DATA INPUT FOR LAW SBS 
CONDENSATE COLLECTION VESSEL, RLD-VSL-00005, AND DISCHARGE 
PUMPS (RLD-PMP-00003A/Bl. 
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DEP-VSL-00002 
I I I I (OFF-NORMAL) TO DEP-HX-00001 

(DEP02b '> I DS I BOF-00013 

DEP-PMP-00012A/B/C 
DRAINS 
FROM TRANSFERS TO/FROM EMF 
I I NOTE 13 .. (=RL~D~21-i: RLD41c L VP21d DEP13h ~-------~ 

FILTERED CONCENTRATE 
(OFF-NORMAL) TO DEP-HX-00001 

---------------------------<(DEP13d) I DS I BOF -00013 .... 

SOLIDS FLUSH 
TO DEP-VSL-00003A/B/C 

PI ------------------------------<DEP03b GS BOF-00013 

TRANSFER LINE DRAIN 
FROM LAWPS FEED TRANSFER VENT HEADER c 
I G2 I LAW-00001 .. (LCP07h) •1 ~----------------------------- DEPOS GS BOF-00013 

-

SS 
/ f-------------------(DEP02 

OVERFLOW 
DEP-PMP-00002A/B 

-
LI 

NOTE 9 

TI 

DEP-AGT-00001 

l::::':,, 

DEP-PMP-00001A/B 

~ 
DEP-VSL -00001 

TO SUMP 

EVAPORATOR FEED 
TO EVAPORATOR 

)------I BS I BOF -00012 

ISSUED BY 
RPP-WTPPDC 

ISSUE ST AMP 

~ 
0 
0 
0 

' c
~ -> 
' ~ 

" ' 'tJf; ~ 

- 0 

0 ISSUED FOR DESIGN D:fC Sf\J flJlfl- 0/,;u//;t, ~ 

REV DESCRIPTION ORG CHKD RVWD APVD DA TE ~ 
I N 

REVISION HISTORY ~ 
' N 
PROJECT No. 24590 ~ RIVER PROTECTION PROJECT :'.] 
SITE HANFORD ~ WASTE TREATMENT PLANT E 
AREA 200E ~ 2435 STEVENS CENTER PLACE ~ 
BUILDING No. 25 RICHLAND, WA 99354 ·~ 

0 

1 BY DATE CONTRACT No: DE-AC27-01RV14136 ~ 
/ 

ORIGINATOR iL J /)-!' 31~1-\/\G PROCESS FLOW DIAGRAM ~ 
CHECKER "Jt; ~ 3 / >u //£ J. 
APPROVER ~ /,/ lq:'.., ,;,,;,, DIRECT FEED u 

REVIEWER "?/J,. ' . "' ' EFFLUENT TRANSFER 

CONTENT APPLICABLE TO ALARA? IX]YESC]NO 

REV• 0 

(SYSTEM DEP) 
u 
> 
0 
0 
m 
u 

,_ 
SCALE: REV ro ADR NO. 2459D·BOF ·ADR-PR-15-0001 

1 1 1 NONE 24590-80F-M5-V17T-00011 0 § 
I c-

FORM E_SDN.DGN 02/2009 

8 
'E' SIZE - 44x34 o 7 6 5 t 4 3 I 2 COMPUTER GENERATED. MANUAL 1111111111111111111111111111 3/18/2016 306 38 PM a" 

DESIGN CHANGES NOT PERMITTED Ri 1777521 

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic Energy 
Act of 1954 (AEA) are regulated at the U. S. Department of Energy (DOE) facilities exclusively by 
DOE acting pursuant to its AEA authority. DOE asserts that pursuant to AEA, it has sole and 
exclusive responsibility and authority to regulate source, special nuclear, and byproduct materials 
at DOE-owned nuclear facilities. Information contained herein on radionuclides is provided for 
process description purposes only.
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24590-80 F-M5-V1 ?T-00012 7 6 5 4 3 2 1 
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PLANT ITEM NUMBER
Dl::SCRIPTION 

BATCH VOLUME 
CAPACITY/ DUTY

DEP-COND-00002 
DEP EVAPORATOR 
INTER-CONDENSER 

426000 BTU/HR 

DEP-COND-00003 
DEP EVAPORATOR 
AFTER-CONDENSER 

167000 BTU/HR 

IX H 

DEP-RBLR-00001 
DEP EVAPORATOR
REBOILER 

5.16 MMBTU/HR 

DEP-PMP-00017 
DEP EVAPORATOR 
RECIRCULATION PUMP

..... , .... ,-, ......... /-\-

C3500 GPM) 
_,_, .... ..,,_, ..... .,. ........ 

HOLD 1 

DEP-FILT-00004A/3 
CONDENSATE DUPLEX
CARTRIDGE FILTERS 

10 GP,l 1.0 MICRON 

HPS 

DEP-EVAP-00001 
DEf' EVAPORATOR 

,.?,-Ef-A,8-l)IR_R VESSE_ 
l 1200 GAL ) 

-,_,..._..,,_1...__, .... .,, 

HOLD 1 

PI 

DEP-COND-00001 
DEP EVAPORATOR 
PRIM.ARY CONDENSER 

5.00 MMBTU/HR 

DEP-PMP-00006A/B
DEP EVAPORATOR 
CONDENSATE PUMPS 

10 GPM 

PI 

DcP-PMP-00007A/B 
EVAPORATOR CONCENTRATE
DISCI-IARGE PUMPS 

10 GPM 

-

y 

>----'--
;:--

---------\__�DE�P�2�35__,'>-------I K�f---------1---<.._Q_DE�P�1�92.._,d '>----i
A �--"' 
N
Q_ 
LL 
0 

-/+------------.
'---,--' 

DEP-COND-00003 
Roo14---IX E 1-----:---:c=-::-=--�� -�-�- ------------------------------
AIR IX P NOTE 7 ' 

IX A 

/ 
Q_ 
w 
0 

TI 

Fl 
NOTE 15 

, ' 
' . 

---------------------------------------------------------------------, 

r------------------------------------, 
I I 
I I 
I I 
I 

I 
I 
I 
I 
I 
I 
I 
I r-----
1 
I 
I 
I 
I 
I 

)<. H :
I 
I 
I 
I 
I 
I 
I 
I 

ROOfll '�- )<. [ ' ' I

-, � p I------< DE P 21 >---0J_; --�, 1-- ----1� AIR � A " NOTE 7 :
I 
I 
I 
I 
I 

PIC 

0m 
-

Q_ w
0 
V 

Pl 

----------1 

' 

DEP-CON0-00002 

/ DEP19c 
)-- >

\ �L___----cf-----..ol-------,
°'-'-----,--_,,./ 

TI 

FI 
DEP-CON0-00001 

DEP09 

PROCESS VENT 
TO VENT SYSTEM

)------------,ILH--'8'--'-I -=-B0c_F_-_0 _0 _01 _3 __ __J ... 

PCW 

FI 

I
ss / 

TI-

NOTES: 

l SEE DRAWING 24590-WTP-M5-V17T-OOOD1 FOR GENERAL NOTES
AND SYMBOLS AND LEGEND. 

2. CONTENTS OF THIS DOCUMENT ARE DANGEROUS WASTE PERMIT
AFFECTING. 

3. ONLY MAJOR INDICATION AND CONTROL INSTRUMENTATION SHOWN.

4. STREAM TABLES FOR SYSTEMS DEP AND DVP PROVIDED ON
24590-BOF-M3-V17T-00001001 AND -00001002. 

5. D�P-FIL T-00004A/B REQUIRES CONT AMINA TED SOLID M.ATTER
DISPOSAL. 

6. SECONDARY STEAM LOOP WILL BE PROVIDED TO PREVENT 
CONTAMINATION OF HPS/SCW SYSTEMS IN STEAM PL.ANT FACILITY.
NOT ALL COMPONENTS ARE SHOWN. 

7. IN-BLEED IS PROVIDED FOR PRESSURE CONTROL IN EVAPORATOR.

8. IN-BLEED IS PRCViDED AS VACUUM BREAK.

9 SECONDARY COOLING LOOP WILL BE PROVIDED TO PREVENT 
CONTAMINATION OF BOF PCW svSTEM, NOT ALL COMPONENTS
ARE SHOWN. 

10. PROVIDE SATURATED LOW PRESSURE STEANI AT 13.0 PSIA FROM 
A DEDICATED OR SECONDARY STEAM SYSTEM. SECONDARY STEAM 
CHEST CONNECTED TO SAME VACUUM SOURCE AS DEP-RBLR 00001. 

11 CONDENSATE RETURN TO A DEDICATED OR SECONDARY STEAM
SYSTEM TO PREVENT POSSIBLE CONTAMINATION OF BOF 
HPS SYSTEM. 

12. CONDENSATE FRONI DEP-CON0-00001 WILL BE RECYCLED WHEN
EVAPORATOR IS IN RcFLUX MODE. R':FLUX MODE MAY BE 
INITIATED BY HIGH ACTIVITY. 

13. TWO FLOW INDICATORS REQUIRED• ONE MAGC'IE,IC FLOW METER
AND ONE CORIOLIS M�TER. PROVIDES REAL-TIME DENSITY 
MEASUREMENT. 

14. CONDUCTIVITY INDICATOR SERVES AS RADIA TIO� MONITOR.

15. PROVIDE PURGE AIR FOR LONG TERM EVAPORATOR SHUTDOWN.

HOLD/OPEN ITEMS: 

1. VENDOR TO DETERMINE FINAL EQUIPMENT SIZING.

REFERENCES: 

H 

G 

F 

.--/:}D)lE�P1f9 )---.j:�>--+:
----

--------- NOTE 9 

�------_[_--,---.�Pew 1. 24590-BOF-3ZD-25-00001, WTP DIRECT FEED LOW ACTIVITY 
WASTE (DFLAW) FACILITY AND SYSTE�I DESIGN DESCRIPTIONS.

ANTI-FOAM 
FROM AFR-TK-00003 
j_ B_2_j _B _O_F _-0_ 0_0_1 _3 __ �1i),�--<( DEP12 )-------------

,-----------€ I

fzw
> 

I 
I 
I 
I 
I 
I 
I 
I 
I 

(§� 
POI 

L 
·------------------------------- LIC >-------<

DEP-RBLR-00001 

NOTE 10f----_L_-�
\:'.:L

:> 
__ 

+-..----,

EVAPORATOR FEC:D 
FROM DEP-VSL-00002
I C2 ! BOF 00011 DE?02 ,--

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6 
, I 

L----------------------- -----
1
----

1 

c------< C I 

NOTE 14 

ss 

NOTE 11 

0 
I 
I 

------------ TI 

DEP02c >----, 

DEP-PMP-00017 

DEP04b)>--- - ---� 

OEP04c >---------------- - ------__,

FI I
c-----t LC ------------------------------------------------------1 I 

I 
" 

XX)< X)< XX 

X)< XX XX 

== = = 

�-
DE PO 4 f )>-'----. 

,---, 
I 
I 

FC I 

' ''L_J__

DFP-EVAP-00001 

" 
� 

I 
I 
I 
I 
I 

,--------1 � ---1 PD I >----, 
I 
I 
I 
I 
I 

' 
I 
I 

I 

i OEP-FIL T -00004A/B 
I 

.
� 

' ' 

RI 

I 
I 
I 
I 
I 
I 
I 
I 
I FI I 

DEP-PMP-00006A/B 

I ..,. ..,. I 
I I I 
I I I 
1 I I 
I I I 
I I I 

I I 
I I 
I I 
I I 
I I 

DEP05d'>-----� 
I 
I 
I 

DI TI I

RI FI I FI I ss 

' 
NOTE 13 I l' 

DEP-PMP-00007A/B 

I 
I 
I 
I 
I 

/)_ 

I 
I 
I 
I 
I 
I 
I 
I 

' 

TI 

' 

PI 2. 24590-WTP-RPT-PR-01-008, PROCESS STREAM NUMBERS.

3. 24590-WTP-RPT-ENG-02-009, SYSTEM AND AREA LOCATORS
LIST AND SYSTEM DIVISION OF RESPONSIB:LITY. 

4. 24590-WTP-RPT-ENG-02-010, COMPONE�IT IDENTIFIERS LIST.

5. 24590-BOF-MEC-DEP-00001, DFLAW EMF PROCESS SYSTEM
(DEPl EVAPORATOR OPERATING CONDITIONS, HEATING/ 
COOLING DUTY, .A.ND UTILITY REQUIREMENTS. 

E 

DEP04 

PROCESS CONDENSATE 
TO DEP-VSL-00004A/B

>---------,, HS I BOF -00011 D 

DEP05 / 

/ DEPOSe' (OFF-NORMAL)

C 

EVAPORATOR CONCENTRAT E
TO OE0-VSL-00003A/O/C 

G8 I BOF -00013 

EVAPORATOR CONCENTRAT E
TC DE?-VSL-00002 
1 FB / BOF -0001' 

B 
N 

�--.------------- - -�-,----,---,--�------10 
0 
0

' 
c-"
; 
' 

m 
:,
'

iY-----,-----,-----i 0 0 ISSUED FOR DESIGN o:rc.. 3/,;,-I/Jb % 
mREV DESCRIPTION ORG CHKD RVWD APVD DA TE m 

f---�---------------�->--�-�--+-----1;,; 

REVISION HISTORY ;;; 
�------r----+-------------------------- -----lfj 

CONTRACT No: 

RIVER PROTECTION PROJECT
WASTE TREATM�NT PLANT 
2435 STEVENS CENTER PLACE
RICHLAND, WA 99354 

DE -AC27-D1RV14136 

m
N 
m 
E 

u 
/ 
u 
> 
0 

----+-�-----1----1------------------------1 / 

PROCESS FLOW DIAGRAM 

------- ------, 

DIRECT FEED EFFLUENT 
EVAPORATOR 
(SYSTEM DEP) 

u 
> 
0 
m 
u 

CONTENT APPLICABLE TO ALARA' [}[JYESCJNO 

ADR NO. 24590-BDF ADR-PR-"5-ooo·. 
f----�=---r-------------- --��-1ii

SCALE' REV 

NONE 24590-BOF-M5-V17T-00012 Q � 
L------------------.--------------------,---------------------,---------------------.---------------------.----------------------,--�---------------:cCc'"i7"--::-,-;;-:c,-;,--j------==--,----------�-__J::; 'E' SIZE - 44'34 
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8 7 6 5 4 3 2 COMPUTER GENERATED - MANUAL 
DESIGN CHANGES NOT PERMITTED · R11777524 

3/18/2016 3,09,c7 PM 0::

Please note that source, special nuclear, and byproduct materials, as 
defined in the Atomic Energy Act of 1954 (AEA) are regulated at the 
U. S. Department of Energy (DOE) facilities exclusively by DOE 
acting pursuant to its AEA authority. DOE asserts that pursuant to 
AEA, it has sole and exclusive responsibility and authority to regulate 
source, special nuclear, and byproduct materials at DOE-owned nuclear 
facilities. Information contained herein on radionuclides is provided for 
process description purposes only.



-- --- ----- - ··-- --· ______ ., -----·· --- -- . ---------------------------·- ··------------------
------~---------- ------------- --------· ---------

24590-BOF-M5-V17T-00013 7 6 5 4 3 2 1 

H 

G 

F 

E 

D 

c 

B 

A 

PLANT ITEM NUMBER AFR-TK-00003 SNR-PMP-00022 
DESCRIPTION ANTI-FOAM REAGENT SODIUM NITRITE 

BATCH VOLUME 
CAPACITY /DUTY 

VENT HEADER 
FROM DEP-VSL-00005A/B 

TOTE PUMP 

265 GAL 
NOTE 13 

....... -- .... ,- ............. ,-, ......... 
I ' 

I 20 GPM ' 
' ' ' I .......... ,_ ........ _..,_1-..,,.,'"-

HOLD 1 

SNR-TK-00002 
SODIUM NITRITE 
TANK (40 WT!.l 

........,-- ..... ,-.., ........ ,-, ........ 
( 1 23500 GAL) 
' ' ' ..... .,,,_1...__,,_1 .......... -

HOLD 1 

SHR-TK-00013 
CAUSTIC TANK 

C5M NAOHl 
........,--- ... ,- ........... 1-\- .... 

I ' ( 12500 GAL } 
' ' I .......... ,_1..__..,_, ......... -

HOLD 1 

I G2 I BOF -00014 ... ( DEP14 > ""'1 

PROCESS VENT 
FROM DEP-COND-00003 
I G2 I BOF-00012 DEP09 ,__ ____________ __., 

VENT HEADER 
FROM OEP-VSL-00004A/B 
I H2 I BOF-00011 ... (DEPOS ,__ _______ __., 

VENT HEADER 
FROM DEP-VSL-00002 
I E2 I BOF -00011 ... (DEP07 ,__ ____ __., 

VENT HEADER 
FROM DEP-VSL-00001 

SHR-PMP-00025 
CAUSTIC 

TRANSFER PUMP 
_..., ......... ,- ............ ,-, ......... 

I ' 
I 100 GPM ' 
' ' ' ' I ......... ,_,,_,,_,., .... -

HOLD 1 

AFR-PMP-00014A/B 
ANTI-FOAM METERING 

PUMPS 
..... ............. 1- .... - .... ,-, ......... 

I ' 
( 1.6 GPM ) 

' ' I .......... ,_,,..._ __ ,_, ......... -
HOLD 2 

DEP-VSL-00003A/B/C 
EVAPORATOR 

CONCENTRATE VESSELS 

7600 GAL 

DEP-PMP-00003A/B 
EVAPORATOR CONCENTRATE 
TRANSFER/RECIRC PUMPS 

(ss''GPM .. ,HOLD 3 -........ \,._..,_ .. _, 
NOTE 11 

~__, TIC r--

H 

DVP-HTR-00001A/B 
PROCESS VENTILATION 

PREHEATERS 

160 ACFM 

~__, PD I 1---

DVP-HEPA-00004A/B DVP-EXHR-00001A/B 
PROCESS VENTILATION PROCESS 

DVP-HEPA-00003A/B 
PROCESS VENTILATION 

PRIMARY HEPA FILTERS SECONDARY HEPA FILTERS VENTILATION 
EXHAUSTERS 

165 CFM 170 ACFM 170 ACFM 

,-___, PD I 1--~ 

ATM 

o::J 
~ 

a_ 
w 
0 

H H 

l-'------<._[D2_EE£:.P 11§,,6 ~ ~ I I (o E P 17) r'E) 
A A ~ ' 

DVP-HEPA-00003A DVP-HEPA-00004A 
PH DVP-EXHR-00001A 

DVP-HTR-00001A 

DEP-HX-00001 
EVAP CONCENTRATE/FEED 

LAW EFFLUENT COOLER 

/'-~-- ..... ,,.-. ,- ' 
' ' ' I _ .. ...__,\_1-' 

HOLD 1 

Fl 

NOTES: 
1. SEE DRAWING 24590-WTP-M5-V17T-00001 FOR GENERAL NOTES 

AND SYMBOLS AND LEGEND. 

2. CONTENTS OF THIS DOCUMENT ARE DANGEROUS WASTE PERMIT 
AFFECTING. 

3. ONLY MAJOR INDICATION AND CONTROL INSTRUMENTATION SHOWN. 

4. STREAM TABLES FOR SYSTEMS DEP AND OVP PROVIDED ON 
24590-BOF-M3-V17T-00001001 AND -00001002. 

5. PROVIDE SECONDARY COOLING LOOP TO PREVENT CONTAMINATION 
OF BOF PCW SYSTEM. NOT ALL COMPONENTS ARE SHOWN. 

6. STREAMS TO/FROM CURRENTLY DO NOT HAVE PROCESS FLOW 
DIAGRAMS. 

7. PROVIDE SUFFICIENT FLOW OF PROCESS CONDENSATE (PREFERRED) 
OR OIW FOR FLUSHING OF TRANSFER LINE. 
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responsibility and authority to regulate source, special nuclear, and byproduct materials at DOE-owned 

nuclear facilities. Information contained herein on radionuclides is provided for process description 

purposes only. 
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AEA Atomic Energy Act 

DIW demineralized water 

DEP Direct Feed LAW Effluent Management Facility Process (system) 

DOE US Department of Energy 

DWP Dangerous Waste Permit 

EMF Effluent Management Facility 

HS hand switch 

LAH level alarm high 

LAHH level alarm high-high 

LAHHH level alarm high-high-high 

LAL level alarm low 

LALL level alarm low-low 

LAW low-activity waste (facility) 

LE level element 

LI level indicator 

LKY level rate of change calculation 

LOL lower operating limit 

LSH level switch high 
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MU Miscellaneous Unit 

P&ID piping and instrumentation diagram 

PCJ process control system 

PT pretreatment (facility) 
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SBS submerged bed scrubber 
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24590-BOF-PER-J-16-001, Rev 0 

System Logic Description for the Direct Feed LAW 
Effluent Management Facility Process System (DEP) 

  
 

Page vi 
24590-PADC-F00041 Rev 6 (1/22/2009) 
 

Glossary 

Acquire  Acquire is a command under batch control that reserves a group of equipment for 

a particular batch control operation.  

Actual Volume  Volume of waste/process fluid in any vessel in gallons.  

Ancillary Equipment Any device including, but not limited to, such devices as piping, fittings, flanges, 

valves, and pumps, that is used to distribute, meter, or control the flow of 

dangerous waste. 

Available Space  Volume of waste/process fluid that any vessel can accommodate and still be 

lower than the upper operating limit (UOL), in gallons. Available space can be 

calculated as follows: Available Space = UOL - Actual Volume.  

Available Volume  Volume of waste/process fluid that any vessel can transfer to another vessel and 

still be above the lower operating limit (LOL), in gallons. Available volume can 

be calculated as follows: Available Volume = Actual Volume - LOL.  

Batch  Batch is the material that is being produced or that has been produced by a single 

execution of a batch process.  

Batch Control  Batch control refers to control activities and control functions that provide an 

ordered set of processing activities to complete a batch process.  

Batch Process  A batch process is a process that leads to the production of finite quantities of 

material by subjecting quantities of input materials to an ordered set of processing 

activities over a finite period of time using one or more pieces of equipment.  

Continuous Control Continuous control refers to automatic control activities in which the controlled 

quantity is measured continuously and corrections are a continuous function of 

the deviation. 

Control System  Control system refers to electronic processors that perform regulatory and logic 

control functions necessary for normal plant operation.  

Exception Handling  Exception handling refers to those functions that deal with plant or process 

contingencies and other events that occur outside the normal or desired behavior 

of batch control.  

Foundation Fieldbus A digital, serial, two-way communication system which was selected to network 

instrumentation within WTP.  

Level Alarm High 

(LAH)  

A vessel high-level setpoint used to stop a transfer-in batch operation to a vessel 

under normal plant operation.  

Level Alarm High-

High (LAHH)  

Refers to a notification in the control system that is activated when the applicable 

variable reaches a point that is significantly higher than that expected during 

normal operation. For the equipment which also utilizes a LAHHH point, LAHH 

is an intermediate point between LAH and LAHHH where action will be taken 

to prevent additional fluid injection. 

Level Alarm High-

High-High (LAHHH)  

Refers to a notification in the control system that is activated when the applicable 

variable reaches a point that is significantly higher than that expected during 

normal operation. This point signifies the maximum fill level. 
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Level Alarm Low 

(LAL)  

A vessel low-level setpoint used to stop a transfer-out batch operation from a 

vessel under normal plant operations.  

Level Alarm Low-

Low (LALL)  

Refers to a notification in the control system that is activated when the applicable 

variable reaches a point that is significantly lower than that expected during 

normal operation.  

Level Rate of Change 

(LKY)  

Refers to a calculation in the control system that monitors how fast the sump is 

filling with fluid.  

Permissive  Interlock that allows a device to change state or a sequence to start. Once a device 

has changed state or a sequence has started, permissive has no further effect on 

the device or sequence.  

Release  Release is a command under batch control that opens up a group of equipment 

for any batch control to acquire.  

Trip  Interlock that does not allow a device to change state or a sequence to start. Once 

a device has changed state or a sequence has started, trips continue to have an 

effect on the device or sequence.  
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1 Introduction 

This document describes the instrument control logic for low level waste sumps and pumps in the 

Direct Feed LAW Effluent Management Facility Process (DEP) system within the LAW effluent 

process and drain tank buildings. This document has been prepared as one of the documents that 

provide tank, ancillary equipment, and leak detection system instrumentation control logic narrative 

description (e.g., plant installed software documentation, descriptions of fail-safe conditions, etc.) to 

meet the requirements of permit condition III.10.E.9.d.vii. 

The narrative for the eight vessels and the evaporator listed in Section 3.2 will be included in a future 

revision of this document. The low point drain vessel information provided in this revision is 

preliminary and will be updated, as required, in a future revision of this document. 

2 Applicable Documents 

24590-WTP-M6-50-00001  P&ID Symbols and Legend Sheet 1 of 8 

24590-WTP-M6-50-00002  P&ID Symbols and Legend Sheet 2 of 8 

24590-WTP-M6-50-00003  P&ID Symbols and Legend Sheet 3 of 8 

24590-WTP-M6-50-00004  P&ID Symbols and Legend Sheet 4 of 8 

24590-WTP-M6-50-00005  P&ID Symbols and Legend Sheet 5 of 8 

24590-WTP-M6-50-00006  P&ID Symbols and Legend Sheet 6 of 8 

24590-WTP-M6-50-00007  P&ID Symbols and Legend Sheet 7 of 8 

24590-WTP-M6-50-00008  P&ID Symbols and Legend Sheet 8 of 8 

24590-BOF-P1-25-00001 Balance of Facilities LAW Effluent Process Bldg & LAW Effluent 

Drain Tank Bldg General Arrangement Plan at Elev 0’-0” 

24590-BOF-M6-DEP-00001001 P&ID – BOF/EMF Direct Feed LAW EMF Process System Low 

Point Drain Vessel DEP-VSL-00001 

24590-BOF-M6-DEP-00001002 P&ID – BOF/EMF Direct Feed LAW EMF Process System Low 

Point Drain Vessel Pumps DEP-PMP-00001A/B 

24590-BOF-M6-DEP-00002006 P&ID – BOF/EMF Direct Feed LAW EMF Process System 

Evaporator Concentrate / Feed Vessels Law Effluent Cooler 

DEP-HX-00001 

24590-BOF-M6-DEP-00009001 P&ID – BOF/EMF Direct Feed LAW EMF Process System 

Process Area Sumps DEP-SUMP-00002A/B 

24590-BOF-M6-DEP-00009002 P&ID – BOF/EMF Direct Feed LAW EMF Process System 

Process Vessel Area Sumps DEP-SUMP-00004A/B 

24590-BOF-M6-DEP-00009004 P&ID – BOF/EMF Direct Feed LAW EMF Process System 

Process Area Sumps DEP-SUMP-00003A/B 

24590-BOF-M6-DEP-00009005 P&ID – BOF/EMF Direct Feed LAW EMF Process System 

Process Vessel Area Sumps DEP-SUMP-00005A/B 
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24590-BOF-M6-DEP-00010001 P&ID – BOF/EMF Direct Feed LAW EMF Process System 

Underground Transfer Lines 

24590-BOF-M6-DEP-00011001 P&ID – BOF/EMF Direct Feed LAW EMF Process System 

Effluent Facility Leak Detection DEP-LDB-00001 thru DEP-

LDB-00006 
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3 Description 

The low point drain vessel, described in Section 3.1, provides temporary storage for transfer line 

flushes, piping drains, and overflow from each of the Effluent Management Facility (EMF) vessels, 

described within Section 3.2. In addition, effluent from the Lab C3 collection and transfer vessel, as 

well as the low activity waste (LAW) plant wash, scrubber condensate, and blowdown can be 

diverted to the drain vessel. A sump (DEP-SUMP-00001) is provided to collect leaks and vessel 

overflows to support leak detection in the low point drain vessel. 

The EMF Dangerous Waste Permit secondary containment sumps provide a means of capturing and 

transferring leakage or collection of fluids within process rooms and vessel cell areas. EMF DWP 

sumps are placed throughout the facility in each area which contains process vessels, miscellaneous 

units (MUs), or process fluids. 

3.1 Below-Grade System Requirements 

The DEP low level waste equipment located below elevation 0 ft includes the following: 

Vessel 

 DEP-VSL-00001   Low point drain vessel 

Sump 

 DEP-SUMP-00001 Low point drain sump 

Leak Detection Boxes 

 DEP-LDB-00001  LAW effluent leak detection box 

 DEP-LDB-00002  LAW feed leak detection box 

 DEP-LDB-00003  LAW feed leak detection box 

 DEP-LDB-00004  SBS/plant wash transfer leak detection box 

 DEP-LDB-00005  Scrubber blowdown leak detection box 

 DEP-LDB-00006  LAB effluent leak detection box 

3.1.1 Low Point Drain Vessel DEP-VSL-00001 

The final design of the low point drain vessel will be documented in a future revision of this 

document. Included within this section is the preliminary low point drain vessel functionality. 

The low point drain vessel is used to collect and contain liquid from the sources described in 

Section 3.2 and forward the collected liquid to the evaporator feed vessel prefilter for processing. 

An agitator is used to continuously mix the contents of the low point drain vessel to avoid settling 

of entrained solids. Two vertical pumps transfer the contents to the evaporator feed vessel prefilter 

(DEP-FILT-00003) and then on to the evaporator feed vessel (DEP-VSL-00002). A rotating spray 

nozzle supplied with demineralized water will wash the low point drain vessel when empty. 

The low point drain vessel (DEP-VSL-00001) is located at elevation -39 ft, within the enclosed 

room ED-B001. This room is designated as a R5/R3/C5 area. The vessel overflows to sump DEP-

SUMP-00001 in the same room Hold 1. This sump is evacuated by pump DEP-PMP-00031 and 

transferred to the evaporator feed vessel prefilter and then on to the evaporator feed vessel (DEP-

VSL-00002) at elevation 0 ft. 

 

 

Hold: 1 Low Point Drain Vessel overflow line and Low Point Drain Sump demineralized water line are on hold 

pending design change for dipped overflow and basis calculation. 
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The liquid level in the low point drain vessel (DEP-VSL-00001) is monitored by a level element 

(LE-8109) and a level transmitter (LT-8109). The transmitter communicates with the process 

control system (commonly referred to as the PCJ) and provides a control room indication and 

alarm on high, high-high, low, and low-low level. A discrete software signal will override stop 

the agitator on low level. A discrete software signal will override stop the two 100% vertical 

pumps (DEP-PMP-00001A/B) on low-low level. Additionally, a discrete software signal will 

close the inlet valves to the low point drain on high-high level. 

In the event of any sump level detection alarm, the source of the spill will be identified and 

isolated; notifications, spill response, and waste removal will be completed in accordance with 

Hanford Tank Waste Treatment and Immobilization Plant (WTP) Operating and Spill Response 

procedures. Table 2 depicts typical instrumentation associated with the low point drain vessel. 

Figure 1 depicts the typical DEP control logic functions. 

3.1.2 Low Point Drain Sump DEP-SUMP-00001 

The low point drain sump (DEP-SUMP-00001), located within the same R5/R3/C5 room as the 

low point drain vessel at elevation -39 ft, is used to capture overflow from the low point drain 

vessel (DEP-VSL-00001). In addition, the transfer line leak detection box drain will discharge to 

the sump. 

The leak detection boxes (see section 3.1.3) will drain into the low point drain sump through the 

feed line DEP-ZS-00043-S11C-01. Additionally, Table 1 lists the process transfer lines which 

utilize coaxial piping, each draining an inner pipe leak to the low point drain sump. The sump is 

equipped with an air driven pump (DEP-PMP-00031) which will transfer the fluid to the 

evaporator feed vessel prefilter and then on to the evaporator feed vessel (DEP-VSL-00002). 

The liquid level in the sump is monitored by a level element (LE-8112) and a level transmitter 

(LT-8112). The transmitter communicates with the PCJ and provides a control room indication 

and alarm on high and high-high-high level.  

Sump level instrumentation has four alarm points. The first alarm, high level, assumes that the 

sump starts out completely dry. It alerts the operator at or before the level in the sump reaches 2.4 

gallons based on a leak of 0.1 gallons per hour within 24 hours, as provided in permit condition 

III.10.E.9.e.ii. Once the alarm is received, the sump liquids are transferred by the operator from 

the sump to the appropriate downstream vessel. 

The second alarm point, high level rate of change function (LKY), will calculate any change in 

fluid level above the first alarm setpoint. The LKY control function shown in Figure 2 detects a 

change in sump liquid levels. A normally closed pneumatically actuated open/close valve (YV-

8117) is used to maintain the level in the loop seal with demineralized water as required Hold 1. The 

manually controlled YV-8117 valve has a discrete software signal to close the valve on the third 

alarm point, high-high sump level Hold 1. 

The fourth alarm, high-high-high level, will alert the operator that the sump has reached its 

maximum volume. The operator will investigate the source of the alarm and will transfer any 

effluent from the sump. The transfer will be stopped by the operator or if the level in the sump 

reaches its low-low level functional logic control point. 

In the event of any sump level detection alarm, the source of the spill will be identified and 

isolated; notifications, spill response, and waste removal will be completed in accordance with 

WTP Operating and Spill Response procedures. 

 

Hold: 1 Low Point Drain Vessel overflow line and Low Point Drain Sump demineralized water line are on hold 

pending design change for dipped overflow and basis calculation. 
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Table 1 lists the coaxial lines outer wall which drains to the low point drain sump (DEP-SUMP-00001). 

The Process line description column provides information for the purpose of the line, the Process line tag 

number column provides the tag number provided for the process line, the Coaxial line tag number column 

provides the tag number provided for the coaxial line within the process stream, and the Piping line tag 

number to DEP-SUMP-00001 column provides the piping line tag number associated with the drain line 

from the associated coaxial line. 

Table 1 Coaxial piping number and description draining into DEP-SUMP-00001 

P&ID Process line description 

Process line tag 

number 

Coaxial line tag 

number 

Piping line tag number 

to DEP-SUMP-00001 

24590-BOF-M6-

DEP-00001001 

LAB effluent from RLD-

VSL-00164 

DEP-WU-00001-

S11E-03 

DEP-WU-00008-

W31A-03 

DEP-WU-00009-S11E-01 

Sump pump discharge 

DEP-PMP-00032A/B, 

34A/B, 38 

DEP-ZS-00266-

S11C-03 

DEP-ZS-20231-

W31A-03 

DEP-ZS-20234-S11C-01 

Sampling line return DEP-ZS-00275-

S11C-02 

DEP-ZS-20236-

W31A-02 

DEP-ZS-20238-S11C-01 

Vessel DEP-VSL-00002, 

3A/B/C, 4A/B, 5A/B 

overflow 

DEP-ZS-00283-

S11C-10 

DEP-ZS-20242-

W31A-10 

DEP-ZS-20244-S11C-01 

Fume hood drain & 

evaporator drain 

DEP-ZS-20194-

N11F-04 

DEP-ZS-20245-

W11A-04 

DEP-ZS-20246-N11F-01 

SBS cond/plant wash DEP-ZS-00009-

S11C-03 

DEP-ZS-20249-

W31A-03 

DEP-ZS-20251-S11C-01 

Off-spec evaporator 

concentrate drain 

DEP-ZS-20229-

N11F-011/2 

DEP-ZS-20282-

W11A-011/2 

DEP-ZS-20284-N11F-01 

Scrubber blowdown LVP-

TK-00001 

DEP-ZY-00001-

S11C-03 

DEP-ZY-00181-

W31A-03 

DEP-ZY-00183-S11C-01 

Vessel DEP-VSL-00001 

vent header 

DVP-GV-00029-

S11X-03 

DVP-GV-00026-

W31A-03 

DVP-GV-00028-S11X-01 

24590-BOF-M6-

DEP-00001002 

Condensate flush DEP-

PMP-00015A/B/C 

DEP-ZS-00218-

S11C-02 

DEP-ZS-20219-

W31A-02 

DEP-ZS-20220-S11C-01 

Pump discharge line from 

DEP-PMP-00031, 

emptying SUMP-00001 

DEP-ZS-00022-

S11C-02 

DEP-ZS-20222-

W31A-02 

DEP-ZS-20223-S11C-01 

Pump discharge lines from 

DEP-PMP-00001A/B, 

emptying VSL-00001 

DEP-ZS-00016-

S11C-02 

DEP-ZS-20225-

W31A-02 

DEP-ZS-20226-S11C-01 

24590-BOF-M6-

DEP-00002006 

Conditioned effluent DEP-ZS-20268-

S11C-03 

DEP-ZS-20265-

W31A-03 

DEP-ZS-20266-S11C-01 

24590-BOF-M6-

DEP-00010001 

Effluent concentrate DEP-

PMP-00003A/B 

DEP-ZS-00314-

N11F-03 

DEP-ZS-20252-

W11A-03 

DEP-ZS-20217-N11F-01 
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3.1.3 Leak Detection Boxes 

DEP has six leak detection boxes (LDBs) on the headers of the coaxial piping draining into the 

low point drain sump (DEP-VSL-00001) through the feed line DEP-ZS-00043-S11C-01. 

The six LDBs are designed to detect a leak within the annular space of the coaxial line. The LDB 

is separated into two parts by a weir equipped with a drain plug in the closed position to create a 

detectable liquid level. A conductivity level switch is used to detect liquid in the LDB, to activate 

the control system alarms, and to trip supply pumps and associated isolation valves. An overflow 

plug is provided on the opposite side of the weir in an open position, which prevents overfilling 

of the leak detection box until it can be drained. Figure 3 shows the alarm function for the 

conductivity level switch instrument associated with each of the leak detection boxes, which 

serves as a typical method of operation for all leak detection boxes in the DEP. 

In the event of a leak detection high level detection alarm, the source of the spill will be identified 

and isolated; notifications, spill response, and waste removal will be completed in accordance 

with WTP Operating and Spill Response procedures. 
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3.2 Above-Grade System Requirements 

The DEP low level waste equipment located at or above elevation 0 ft includes the following: 

Sumps  

 DEP-SUMP-00002A West process area sump 

 DEP-SUMP-00002B West process area sump 

 DEP-SUMP-00003A East process area sump 

 DEP-SUMP-00003B East process area sump 

 DEP-SUMP-00004A Evaporator concentrate area sump 

 DEP-SUMP-00004B Evaporator concentrate area sump 

 DEP-SUMP-00005A Process condensate area sump 

 DEP-SUMP-00005B Process condensate area sump 

EMF Process Vessels 

 DEP-VSL-00002  Evaporator feed vessel 

 DEP-VSL-00003A Evaporator concentrate vessel 

 DEP-VSL-00003B Evaporator concentrate vessel 

 DEP-VSL-00003C Evaporator concentrate vessel 

 DEP-VSL-00004A Overhead sampling vessel 

 DEP-VSL-00004B Overhead sampling vessel 

 DEP-VSL-00005A Process condensate lag storage vessel 

 DEP-VSL-00005B Process condensate lag storage vessel 

Evaporator 

 DEP-EVAP-00001 Evaporator 

3.2.1 West Process Area Sumps DEP-SUMP-00002A/B 

The west process area sumps (DEP-SUMP-00002A/B) are located within room E-0103, 

designated R4/C5 at elevation 0 ft. The west process area sumps and level detection instruments 

detect a leak from the evaporator (DEP-EVAP-00001), the evaporator reboiler (DEP-RBLR-

00001), the evaporator feed vessel prefilter (DEP-FILT-00003), the LAW effluent cooler heat 

exchanger (DEP-HX-00001), or ancillary equipment associated with the evaporator and heat 

exchanger. 

The sumps are equipped with pumps which will transfer the fluid to the appropriate vessel. Fluid 

contained in the west process area sumps are transferred to the overhead sampling vessels (DEP-

VSL-00004A/B) or the low point drain vessel (DEP-VSL-00001) by sump pumps (DEP-PMP-

00032A/32B). 

The liquid level in the sump is monitored by a level element (LE-8626/8629) and a level 

transmitter (LT-8626/8629). The transmitters communicate with the PCJ and provide a control 

room indication (LI-8626/8629) and alarm on high and high-high-high level. A high-level alarm 

will trip upon detection of liquid in the sump. The PCJ system will alert the operator.  

Sump level instrumentation has three alarm points. The first alarm, high level, assumes that the 

sump starts out completely dry. It alerts the operator at or before the level in the sump reaches 2.4 

gallons based on a leak of 0.1 gallons per hour within 24 hours, as provided in permit condition 

III.10.E.9.e.ii. Once the alarm is received, the sump liquids are transferred by the operator from 

the sump to the appropriate downstream vessel. 
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The second alarm point, high LKY level rate of change function, will calculate any change in 

fluid level above the first alarm setpoint. The LKY control function shown in Figure 2 detects a 

change in sump liquid levels. The third alarm, high-high-high level, will alert the operator that 

the sump has reached its maximum volume. 

The operator will investigate the source of the alarm and will transfer any effluent from the sump. 

The transfer will end when the level in the sump reaches its low-level functional logic control 

point, a batch is transferred, or the selected target collection vessel (DEP-VSL-00001) reaches its 

actual high-level batch control point.  

In the event of any sump level detection alarm, the source of the spill will be identified and 

isolated; notifications, spill response, and waste removal will be completed in accordance with 

WTP Operating and Spill Response procedures. 

3.2.2 East Process Area Sumps DEP-SUMP-00003A/B 

The east process area sumps (DEP-SUMP-00003A/B) are located within room E-0102, 

designated R3/C3 at elevation 0 ft. The east process area sumps and level detection instruments 

detect a leak from the evaporator condensers (DEP-COND-00001/2/3) or the ancillary equipment 

associated with the evaporator condensers. 

The sumps are equipped with pumps which will transfer the fluid to the appropriate vessel. Fluid 

contained in the east process area sumps are transferred to the process condensate lag storage 

vessels (DEP-VSL-00005A/B) by sump pumps (DEP-PMP-00033A/33B). 

The levels in the sumps are measured by a level transmitter (LT-8646/8647). The transmitters 

communicate with the PCJ and provide a control room indication (LI-8646/8647) and alarm on 

high and high-high-high level. A high-level alarm will trip upon detection of liquid in the sump. 

The PCJ system will alert the operator.  

Sump level instrumentation has three alarm points. The first alarm, high level, assumes that the 

sump starts out completely dry. It alerts the operator at or before the level in the sump reaches 2.4 

gallons based on a leak of 0.1 gallons per hour within 24 hours, as provided in permit condition 

III.10.E.9.e.ii. Once the alarm is received, the sump liquids are transferred by the operator from 

the sump to the appropriate downstream vessel. 

The second alarm point, high LKY level rate of change function, will calculate any change in 

fluid level above the first alarm setpoint. The LKY control function shown in Figure 2 detects a 

change in sump liquid levels. The third alarm, high-high-high level, will alert the operator that 

the sump has reached its maximum volume. 

The operator will investigate the source of the alarm and will transfer any effluent from the sump. 

The transfer will end when the level in the sump reaches its low-level functional logic control 

point, a batch is transferred, or the selected target collection vessel (DEP-VSL-00001) reaches its 

actual high-level batch control point.  

In the event of any sump level detection alarm, the source of the spill will be identified and 

isolated; notifications, spill response, and waste removal will be completed in accordance with 

WTP Operating and Spill Response procedures. 
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3.2.3 Evaporator Concentrate Area Sumps DEP-SUMP-00004A/B 

The evaporator concentrate area sumps (DEP-SUMP-00004A/B) are located within room E-0105, 

designated R4/R3/C1 at elevation 0 ft. The evaporator concentrate area sumps and level detection 

instruments detect an overflow or a leak from the evaporator feed vessel (DEP-VSL-00002), the 

evaporator concentrate vessels (DEP-VSL-00003A/B/C), and a leak from ancillary equipment 

located within this stainless steel lined room E-0105.  

The sumps are equipped with pumps which will transfer the fluid to the appropriate vessel. Fluid 

contained in the evaporator concentrate area sumps are transferred to the overhead sampling 

vessels (DEP-VSL-00004A/B) or the low point drain vessel (DEP-VSL-00001) by sump pumps 

(DEP-PMP-00034A/34B). 

The liquid level in the sump is monitored by a level element (LE-8632/8656) and a level 

transmitter (LT-8632/8656). The transmitters communicate with the PCJ and provide a control 

room indication (LI-8626/8629) and alarm on high and high-high-high level. A high-level alarm 

will trip upon detection of liquid in the sump. The PCJ system will alert the operator.  

Sump level instrumentation has three alarm points. The first alarm, high level, assumes that the 

sump starts out completely dry. It alerts the operator at or before the level in the sump reaches 2.4 

gallons based on a leak of 0.1 gallons per hour within 24 hours, as provided in permit condition 

III.10.E.9.e.ii. Once the alarm is received, the sump liquids are transferred by the operator from 

the sump to the appropriate downstream vessel. 

The second alarm point, high LKY level rate of change function, will calculate any change in 

fluid level above the first alarm setpoint. The LKY control function shown in Figure 2 detects a 

change in sump liquid levels. The third alarm, high-high-high level, will alert the operator that 

the sump has reached its maximum volume. 

The operator will investigate the source of the alarm and will transfer any effluent from the sump. 

The transfer will end when the level in the sump reaches its low-level functional logic control 

point, a batch is transferred, or the selected target collection vessel (DEP-VSL-00001) reaches its 

actual high-level batch control point.  

In the event of any sump level detection alarm, the source of the spill will be identified and 

isolated; notifications, spill response, and waste removal will be completed in accordance with 

WTP Operating and Spill Response procedures. 
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3.2.4 Process Condensate Area Sumps DEP-SUMP-00005A/B 

The process condensate area sumps (DEP-SUMP-00005A/B) are located within room E-0106, 

designated R2/C1 at elevation 0 ft. The process condensate area sumps and level detection 

instruments detect an overflow or a leak from the overhead sampling vessels (DEP-VSL-

00004A/B) or the process condensate lag storage vessels (DEP-VSL-00005A/B). 

The sumps are equipped with pumps which will transfer the fluid to the appropriate vessel. Fluid 

contained in the process condensate area sumps are transferred to the process condensate lag 

storage vessels (DEP-VSL-00005A/B) by sump pumps (DEP-PMP-00035A/35B). Prior to 

emptying the process condensate area sumps, the operator will need to verify that the chosen 

vessel has not ruptured as a ruptured vessel could be the source of the sump fluid. 

The levels in the sumps are monitored by a level transmitter (LT-8638/8641). The transmitters 

communicate with the PCJ and provide a control room indication (LI-8638/8641) and alarm on 

high and high-high-high level. A high-level alarm will trip upon detection of liquid in the sump. 

The PCJ system will alert the operator.  

Sump level instrumentation has three alarm points. The first alarm, high level, assumes that the 

sump starts out completely dry. It alerts the operator at or before the level in the sump reaches 2.4 

gallons based on a leak of 0.1 gallons per hour within 24 hours, as provided in permit condition 

III.10.E.9.e.ii. Once the alarm is received, the sump liquids are transferred by the operator from 

the sump to the appropriate downstream vessel. 

The second alarm point, high LKY level rate of change function, will calculate any change in 

fluid level above the first alarm setpoint. The LKY control function shown in Figure 2 detects a 

change in sump liquid levels. The third alarm, high-high-high level, will alert the operator that 

the sump has reached its maximum volume. 

The operator will investigate the source of the alarm and will transfer any effluent from the sump. 

The transfer will end when the level in the sump reaches its low-level functional logic control 

point, a batch is transferred, or the selected target collection vessel (DEP-VSL-00001) reaches its 

actual high-level batch control point.  

In the event of any sump level detection alarm, the source of the spill will be identified and 

isolated; notifications, spill response, and waste removal will be completed in accordance with 

WTP Operating and Spill Response procedures. 

3.2.5 EMF Process Vessels 

The narrative for the eight vessels listed in Section 3.2 will be included in a future revision of this 

document. 

3.2.6 Evaporator 

The narrative for the evaporator listed in Section 3.2 will be included in a future revision of this 

document. 
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Table 2 below lists auxiliary equipment associated with low point drain vessel and aforementioned sumps. 

Table 2 Associated Instruments for DEP Low Point Drain Vessel and Sumps 

P&ID 

Monitoring/Control 

Parameter 

Type of Instrument/Control 

Device 

Instrument/Control 

Device Tag Number 

24590-BOF-M6-DEP-

00001002 

Level measurement for 

DEP-VSL-00001 

Level Element DEP-LE-8109 

Level Transmitter DEP-LT-8109 

Level Indicator DEP-LI-8109 

Level Alarm (High, High-High, 

Low, and Low-Low) 

DEP-LI-8109A 

24590-BOF-M6-DEP-

00001002 

Level measurement for 

DEP-SUMP-00001 

Level Element DEP-LE-8112 

Level Transmitter DEP-LT-8112 

Level Indicator DEP-LI-8112 

Level Alarm (High and High-

High-High) 

DEP-LI-8112A 

Level High-High Switch DEP-LSHH-8112 

Leak Rate DEP-LKY-8112A 

24590-BOF-M6-DEP-

00009001 

Level measurement for 

DEP-SUMP-00002A 

Level Element DEP-LE-8626 

Level Transmitter DEP-LT-8626 

Level Indicator DEP-LI-8626 

Level Alarm (High and High-

High-High) 

DEP-LI-8626A 

Leak Rate DEP-LKY-8626A 

24590-BOF-M6-DEP-

00009001 

Level measurement for 

DEP-SUMP-00002B 

Level Element DEP-LE-8629 

Level Transmitter DEP-LT-8629 

Level Indicator DEP-LI-8629 

Level Alarm (High and High-

High-High) 

DEP-LI-8629A 

Leak Rate DEP-LKY-8629A 

24590-BOF-M6-DEP-

00009002 

Level measurement for 

DEP-SUMP-00004A 

Level Element DEP-LE-8632 

Level Transmitter DEP-LT-8632 

Level Indicator DEP-LI-8632 

Level Alarm (High and High-

High-High) 

DEP-LI-8632A 

Leak Rate DEP-LKY-8632A 

24590-BOF-M6-DEP-

00009002 

Level measurement for 

DEP-SUMP-00004B 

Level Element DEP-LE-8656 

Level Transmitter DEP-LT-8656 

Level Indicator DEP-LI-8656 

Level Alarm (High and High-

High-High) 

DEP-LI-8656A 

Leak Rate DEP-LKY-8656A 
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P&ID Monitoring/Control 

Parameter 

Type of Instrument/Control 

Device 

Instrument/Control 

Device Tag Number 

24590-BOF-M6-DEP-

00009004 

Level measurement for 

DEP-SUMP-00003A 

Level Transmitter DEP-LT-8646 

Level Indicator DEP-LI-8646 

Level Alarm (High and High-

High-High) 

DEP-LI-8646A 

Leak Rate DEP-LKY-8646A 

24590-BOF-M6-DEP-

00009004 

Level measurement for 

DEP-SUMP-00003B 

Level Transmitter DEP-LT-8647 

Level Indicator DEP-LI-8647 

Level Alarm (High and High-

High-High) 

DEP-LI-8647A 

Leak Rate DEP-LKY-8647A 

24590-BOF-M6-DEP-

00009005 

Level measurement for 

DEP-SUMP-00005A 

Level Transmitter DEP-LT-8638 

Level Indicator DEP-LI-8638 

Level Alarm (High and High-

High-High) 

DEP-LI-8638A 

Leak Rate DEP-LKY-8638A 

24590-BOF-M6-DEP-

00009005 

Level measurement for 

DEP-SUMP-00005B 

Level Transmitter DEP-LT-8641 

Level Indicator DEP-LI-8641 

Level Alarm (High and High-

High-High) 

DEP-LI-8641A 

Leak Rate DEP-LKY-8641A 

24590-BOF-M6-DEP-

00011001 

Level measurement for 

DEP-LDB-00001 

Level High Switch DEP-LSH-8701 

Level High Alarm DEP-LAH-8701 

24590-BOF-M6-DEP-

00011001 

Level measurement for 

DEP-LDB-00002 

Level High Switch DEP-LSH-8702 

Level High Alarm DEP-LAH-8702 

24590-BOF-M6-DEP-

00011001 

Level measurement for 

DEP-LDB-00003 

Level High Switch DEP-LSH-8703 

Level High Alarm DEP-LAH-8703 

24590-BOF-M6-DEP-

00011001 

Level measurement for 

DEP-LDB-00004 

Level High Switch DEP-LSH-8706 

Level High Alarm DEP-LAH-8706 

24590-BOF-M6-DEP-

00011001 

Level measurement for 

DEP-LDB-00005 

Level High Switch DEP-LSH-8705 

Level High Alarm DEP-LAH-8705 

24590-BOF-M6-DEP-

00011001 

Level measurement for 

DEP-LDB-00006 

Level High Switch DEP-LSH-8704 

Level High Alarm DEP-LAH-8704 
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Figure 1 Typical Collection Vessel Level Detection 
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Figure 2 Typical Sump Level Detection 
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Figure 3 Typical Leak Detection Box Level Detection 
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Notice 

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic 

Energy Act of 1954 (AEA), are regulated at the US Department of Energy (DOE) facilities 

exclusively by DOE acting pursuant to its AEA authority.  DOE asserts, that pursuant to the 

AEA, it has sole and exclusive responsibility and authority to regulate source, special nuclear, 

and byproduct materials at DOE-owned nuclear facilities.  Information contained herein on 

radionuclides is provided for process description purposes only. 
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Acronyms 

AEA Atomic Energy Act of 1954 

BNI Bechtel National, Incorporated 

CCN Correspondence Control Number 

CGS centimeter gram second units of measurement 

DEP Direct feed low activity waste effluent management facility process system 

DOE US Department of Energy 

DWP Dangerous Waste Permit 

EMF Effluent Management Facility 

STD Standard 

WAC Washington Administrative Code 

WTP River Protection Project-Waste Treatment Plant 
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1 Summary 

The Effluent Management Facility (EMF) secondary containment system must satisfy the leak detection 

criteria of the Washington Administrative Code (WAC) 173-303-640(4) (Ref. 7.3) and the Waste 

Treatment Plant (WTP) Dangerous Waste Permit (DWP) 7890008967, Permit Condition III.10.E.9.e.ii for 

tank and miscellaneous treatment system secondary containment areas, Reference 7.4.  This report 

evaluates the minimum leak rates that can be detected within 24 hours in the regulated secondary 

containment sumps. 

 

The EMF facility contains nine DWP sumps. Leaks of vessels or piping within the vessels cells or rooms 

will flow along the floor (or in containment piping), and be collected in a sump provided with leak 

detection instrumentation. All sumps are considered dry type for the purpose of calculating the leak 

detection capability.  

 

Since the DWP has established a minimum leak rate of 0.1 gallons per hour (gph), this report determines 

the time to detect the minimum leak of 0.1 gph in the sumps based on the time to fill the sump plus the 

time for the 0.1 gph leak to flow to the sump.  The time to fill the sump is calculated by first determining 

the minimum detectable volume in each sump and then the time required to reach this detectable column 

at a leak rate of 0.1 gph.  If the “time to detect” is less than 24 hours for a flow rate of 0.1 gph for all 

sumps, the permit condition is met. 

 

This Permit Document will document that the time to fill the sump to the detectable level is the critical 

factor for establishing a leak detection rate vs. the time for the leak (rivulet) to cross the floor or for the 

leak to wet and travel through the pipe.  This approach has been previously presented to the Department 

of Ecology. 

2 Objective 

The objective of this report is to document the capability to detect a 0.1 gph leak of dangerous waste 

within 24 hours in the EMF facility secondary containment area sumps.  The leakages include: 

 

 Leakage through double-wall (co-axial) piping 

 Leakage on the floor  

 

3 Description 

The EMF facility regulated sumps must satisfy the leak detection criteria of the WAC and DWP 

conditions for secondary containment systems. The regulatory requirements for leak detection are 

contained in WAC-173-303-640(4), Tank Systems, Section 4, Containment and Detection of Releases 

(Reference 7.3) and are restated as follows: 

 

(b) Secondary Containment systems must be: 

(ii) Capable of detecting and collecting releases and accumulated liquids until the collected 

material is removed. 

(c) To meet the requirements of (b) of this subsection, secondary containment systems must be at 

a minimum: 

(iii) Provided with a leak detection system that is designed and operated so that it will detect 

the failure of either the primary or secondary containment structure or the presence of any 
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release of dangerous waste or accumulated liquid in the secondary containment system 

within twenty-four hours, or at the earliest practicable time if the owner or operator can 

demonstrate to the department that the existing detection technologies or site conditions will 

not allow detection of a release within twenty-four hours.  

 

In addition, the Waste Treatment Plant Dangerous Waste Permit (Reference. 7.4), Condition: 

III.10.E.9.e.ii requires submittal of: 

 

Detailed plans and descriptions, demonstrating the leak detection system is operated so that it will detect 

the failure of either the primary or secondary containment structure or the presence of any release of 

dangerous and/or mixed waste, or accumulated liquid in the secondary containment system within twenty-

four (24) hours. Detection of a leak of at least 0.1 gallons per hour within twenty-four (24) hours is 

defined as being able to detect a leak within twenty-four (24) hours. Any exceptions to this criteria must 

be approved by Ecology [WAC 173-303-640(4)(c)(iii), WAC 173-303-806(4)(c)(vii)]. 

4 Inputs/Assumptions 

4.1 The sump locations in the rooms and the maximum total floor distances are summarized in the 

following Table 4.1. The distances are measured conservatively from the General Arrangement 

drawings (Reference 7.5 & 7.6) and have been rounded up. The maximum leak travel distance is 

conservatively computed by summing the distance along the walls from the furthest high point of 

the floor. Based on the estimate of travel distances for leaks in each cell, the longest leak flow 

distance on the floors to any sump is 73’, see Table 4.1, for sumps SUMP-00003A/B.  
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Table 4.1: Sump Locations and Max Floor Distances 

Room 

Number 
Sump Name 

DEP- 

Sump- 

000xx 

Sump 

Location 

in Cell 

Elev. 

N-S 

Distance 

(rounded 

up) 

E-W 

Distance 

(rounded 

up) 

Max Total 

Distance, 

ft  

ED-B001 

Low Point 

Drain Vessel 

Area Sump 

01 S Wall -39'-0” 28’-0” 33’-0” 61 

E-0103 
West Process 

Area Sump 
02A N Wall 0’-0” 30’-0” 31’-0” 61 

E-0103 
West Process 

Area Sump 
02B S Wall 0’-0” 30’-0” 31’-0” 61 

E-0102 
East Process 

Area Sump 
03A N Wall 0’-0” 30’-0” 43’-0” 73 

E-0102 
East Process 

Area Sump 
03B S Wall 0’-0” 30’-0” 43’-0” 73 

E-0105 
Feed Vessel 

Area Sump 
04A N-W corner 0’-0” 44’-0” 20’-0” 64 

E-0105 
Feed Vessel 

Area Sump 
04B N-E corner 0’-0” 44’-0” 20’-0” 64 

E-0106 

Process 

Condensate 

Vessel Area 

Sump 

05A N Wall 0’-0” 25’-0” 43’-0” 68 

E-0106 

Process 

Condensate 

Vessel Area 

Sump 

05B S Wall 0’-0” 20’-0” 43’-0” 63 

 

4.2 The sumps are 24 inch diameter cylindrical with a flat bottom (Reference 7.1, Section 8.3).  

4.3 Secondary containment area floors with stainless steel liners or special protective coating are 

sloped at a minimum of 1% (1:100) to direct potential leakage to the sumps or sumps in each 

room (Reference 7.5, Note 2). 

4.4 Waste are assumed to the physical properties of water at 100°F (Reference 7.8, p. 30.37), see 

Assumption 4.6.a. These properties are summarized Table 4.2 below: 

Table 4.2: Physical Properties of Water 

Constant English Units CGS Units 

ρ, density 61.99 lbm/ft3 0.993 gm/cm3 

μ, dynamic viscosity 1.648 lbm/ft hr 0.00681 gm/cm sec 

γ, surface tension 0.0048 lbf/ft 69.96 dyn/cm or 69.96 gm/sec2 

 

4.5 The minimum detectable level within the EMF Secondary Containment System is assumed to be 

0.5” above the bottom of each sump based on preliminary vendor information provided by C&I 

and a project specification for level measurement (Reference 7.11, Section 3.2.1). 
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4.6 The following items (a through f) were derived from agreements between BNI, DOE, and 

Department of Ecology (Reference 7.7): 

 

a. The liquid leaking is water at a temperature of 100°F. 

b. The leak is at a constant rate over the 24-hour period. 

c. No evaporation will occur. 

d. The liquid does not foam in the sumps. 

e. Hold-up is defined as wetting of the surface. 

f. Level detection instruments will be properly installed and calibrated upon installation.  

Periodic, normal maintenance and calibration will be performed on level instruments 

during operation of the facility and the instruments will be maintained in an operable 

condition. 

 

4.7 Double-wall (co-axial) pipes run from room E-0103 to ED-0102 through a tunnel, which are the 

subject of pipe leakage in this report. The double-wall (co-axial) piping has a minimum slope of 

1/100 (1%). 

4.8 The wetting factor from experimental data was found to be 0.32 fl. oz/ft (Reference 7.9) for an 

NPS 6 pipe.  The wetting factor will be increased by 50% to 0.48 fl. oz/ft to provide additional 

margin to the calculated holdup time. 

4.9 The rivulet flow in this calculation will be based on the simplified model for a wide flat rivulet. 

Figure 5 of Ref. 7.10 shows dashed lines which are asymptotic solutions for wide-flat rivulets at 

high Ω values and for narrow rivulets at low Ω values. For a contact angle of 5°, Figure 5 shows 

that the wide flat rivulet model, represented by equations 26 and 27 of Ref. 7.10, is applicable 

when Ω is larger than 0.001 and P is larger than 5. This assumption will be verified by the 

evaluation of Ω and P using data from this calculation. 

4.10 Reference 7.10, Table 2 shows for a rivulet flow rate of 6.2 ml/min (~0.1 gph), the corresponding 

contact angle, θ, is experimentally measured as 9 to 12 degrees. A conservative rivulet contact 

angle of 6 degrees is assumed for this calculation. The smaller contact angle results in a longer 

time to sump for a given flow path length from the following logic: a smaller contact angle yields 

a larger rivulet width, which yields a larger rivulet cross sectional area, which leads to a lower 

velocity (since the flow rate is fixed). This assumption is conservative. 

4.11 The floor is uniformly sloped and the flow path is in straight lines (no meandering flow). 

4.12 Double-wall (co-axial) pipes run from room E-0103 to ED-0102 through a tunnel. This horizontal 

distance is conservatively measured at 30 ft (Reference 7.5). Any potential leakage will travel in 

the outer pipe to the end and is routed verticality down through tubing to the Low Point Drain 

Vessel Area Sump (DEP-SUMP-00001). This vertical drop is conservatively measured and 

rounded up to 50 ft (Reference. 7.6). 

4.13 The average velocity equation assigned to the leakage being conveyed within the sloped pipe is 

developed from boundary layer theory for flow down an inclined plane. This is simplifying 

assumption but is reasonable to make because the average velocity is applied to the entire length 

of the pipe route (e.g., from the double-wall pipe to the sump), even when it contains large vertical 

drops (where the velocity would increase, thereby reducing the travel time to leak detection 

equipment). This is a reasonable and simplifying assumption. 

4.14 There are no obstructions in the flow path. Leaks from any equipment or piping fall directly to the 

floor at the point of leakage and do not travel along the outside of pipes or other equipment and 
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the rivulet does not split into multiple streams as it travels across the floor. While actual leaks may 

not conform to this scenario, it is beyond the objectives of this calculation to assess every possible 

leak scenario. The intent is to provide a calculated leak detection volume that is not overly 

complex but still maintains sufficient accuracy to demonstrate leak detection capability within a 

reasonable level of uncertainty. 

4.15 The double-wall pipelines have pipe classes of W11A and W31A with sizes range from 1 ½” to 

10” (Ref. 7.12 – 7.14, 7.2.1). The specifications for the encasement pipe of double-wall (co-axial) 

pipe class W31A and W11A are summarized in Table 4.3 below. The inside diameters (I.D.) are 

from Ref. 7.15, p. B-13 through B-16. 

Table 4.3: Double-Wall (co-axial) Pipe Specification 

Pipe Class 

Carrier 

Size 

(inch) 

Encasement 

Size 

(inch) 

Material Sch. 
I.D. 

(inch) 

W31A 2 4 CS A106 Gr. B STD 4.026 

W31A 3 6 CS A106 Gr. B STD 6.065 

W31A 10 12 CS A106 Gr. B STD 12.000 

W11A 1 1/2 4 316L SS 40S 4.026 

W11A 3 6 316L SS 40S 6.065 

W11A 4 6 316L SS 40S 6.065 

 

4.16 The level instrument response time (i.e., the time between the process reaching a specified level 

set point and the instrument responding to the process condition) is considered negligible with 

regards to the leak detection time requirement. The level instrumentation is anticipated to have 

response times on the order of seconds therefore the response time is insignificant based on the 24 

hr detection limit. 

4.17 All sumps within the EMF Facility are conservatively assumed to be dry. This maximizes the time 

required to fill the sumps to a detectable level.  

5 Analysis 

In order to establish if the EMF leak detection system is capable of detecting a permit condition leakage 

rate of 0.1 gph within a 24-hour time period, the time to sump (t1), the time to fill (t2), and the time to wet 

(t3) (if applicable) are determined. Because postulated leaks for the low point drain vessel sump convey 

along a short segment of double-wall (co-axial) pipes as well as the liner floor, two methods are used to 

determine the elapsed time to detect a leak in the low point drain sump. Leakage flowing inside double-

wall (co-axial) pipes makes use of boundary layer theory (Section 6.1) and leakage flowing along the 

liner floor makes use of rivulet flow (Section 6.2). 

6 Detectable Leak Rates 

6.1 Leakage through pipes 

The elapsed time to detect a leak that is flowing through a pipe is composed of three time components: (i.) 

liquid holdup time or elapsed time for leak to wet surface, t3, (Section 6.1.1), (ii.) elapsed time for the leak 

to arrive at the detection equipment, t1, (Section 6.1.2), and (iii.) the time to fill the leak detection 

equipment to a level that can be detected by the associated leak detection instrumentation, t2, (Section 
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6.1.3). Therefore, the total time for leakage detection through pipes is ttotal = t1 + t2 + t3. If the total time is 

less than 24 hours for a flow rate of 0.1 gph for all leak detection equipment, the permit condition is met. 

 

6.1.1 Holdup Time within Double-Wall (Co-Axial) Pipe, t3 

The elapsed time for the leak to wet the flow path (flow channel) from the most-remote location to its 

corresponding leak detection feature (i.e., a sump) is estimated based on an experimentally determined 

value of wetting holdup (Ref. 7.9) and results in the following equation for determining the time to 

account for the holdup of water flowing through a pipe : 

Q

cL
t 3     Equation 6.1 

 

Where:  

t3 = holdup time, hr  

c = wetting factor, gal/ft or fluid ounces/ft (abbreviated as: fl. oz/ft) with use of conversion factor: 128 fl. 

oz/gal  

L = travel distance, ft  

Q = leakage volumetric flow rate, ga1/hr 

 

The maximum distance from any postulated leak to the Low Point Drain Vessel Sump is obtained from 

Assumption 4.12. The linear length from the beginning of the double-wall pipes to the sump is used, this 

length conservatively includes any straight-vertical drops (Assumption 4.12), which is: 

 

L = 30 ft + 50 ft = 80 ft 

 

The wetting factor is equal to 0.32 fl. oz/ft for 6 inch pipes, however, a factor of 0.48 fl. oz/ft is used 

(Assumption 4.8) to add margin to the calculated holdup time. Hence, the time required to wet the flow 

channel using Equation 6.1 is: 

 

L = 80 ft 

Q = 0.1 gph 

 

hr
gal

hrft

ozfl

gal

ft

ozfl
t 0.3

1.01

80

..128

.48.0
3 
































  

 

6.1.2 Leak Travel Time to the Sump via Double-Wall (Co-Axial) Pipe, t1 

The time delay for the leak to reach or activate the detection equipment is calculated using equations 

derived from boundary layer theory for uniform flow down an inclined plane (Assumption 4.13). The 

average velocity distribution from boundary layer theory (Ref. 7.16, p. 249 thru 251, Equation 9.4b) is: 

 

n

dSg
v

pp

3

2

    Equation 6.2 

where: 

v = average leak velocity, ft/s  

g = gravitation constant, 32.17 ft/s2  

Sp = Slope of the pipe, dimensionless  

dp = flow depth, ft  

n = kinematic viscosity, ft2/s 
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The general equation for volumetric flow rate is given by: 

 

AvQ       Equation 6.3 

 

where:  

Q = volumetric flow rate, ft3/s  

A = cross-sectional flow area, ft2  

 

Therefore, combining Equation 6.2 and Equation 6.3, the flow depth, dp, can be found by solving the 

following relationship: 

 

ASg

Qn
d

p

p

3
     Equation 6.4 

 

The geometry based cross-sectional area for gravity flow in a circular pipe is found from (Ref. 7.17, p. 5) 

 

 
8

sin 2

pfsfs D
A

 
     Equation 6.5 

 

where:  

Dp = pipe diameter, ft 

θfs= free surface angle (see Figure 1), radians 

 

 
Figure 1. Partially Full Pipe Sketch 

 

The depth of flow can be found by the following equation (Attachment A of Ref. 7.18) 

 













4
sin 2 fs

pp Dd


    Equation 6.6 

 

There are four unknowns (θfs, A, v, and dp) to the set of four equations represented by Equation 6.3 

through Equation 6.6. Though it is difficult to split theta in these equations in order to use a solve-and-

substitute method, iterations are used instead.  

 

The time required for the leakage flow to travel from its point of origin to the sump is calculated from the 

Equations 6.3 through 6.6. The following constants are used: 

 

Dp = ranges from 4.026 inch (0.3355 ft) to 12.000 inch (1.0 ft) (Table 4.3). The larger diameter of 1.0 ft is 

used in this calculation, since it yields a lower velocity, which is more conservative. 

Q = 0.1 gph = 3.714 E-6 ft3/s 

g = 32.17 ft/s2 

Sp = Slope of the pipe = 1/100 = 0.01 (Assumption 4.7) 
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µ = 1.648 lbm/ft.hr (Table 4.2) 

ρ = 61.99 lbm/ft3 (Table 4.2) 

 

Since kinematic viscosity (n) is equal to dynamic viscosity (µ) / density (ρ), kinematic viscosity is 

calculated as: 

 

n = (1.648 lbm/ft.hr) / (61.99 lbm/ft3) x (1 hr / 3600 sec) = 7.39E-6 ft2/sec 

 

A Mathcad equation solve block is used to determine the unknowns. The results are: 

 

dp = 1.674E-3 ft 

A = 9.13E-5 ft2 

θfs = 0.164 Radians 

v = 0.041 ft/s 

 

The time delay for the leak to reach the sump is simply: 

 

 sec3600//1 hrvLt     Equation 6.7 

 

where:  

t1 = time to reach detection equipment, hr  

v = average velocity of leak, ft/sec  

L = travel distance, ft  

 

Equation 6.7 applies to rivulet flow as well. 

 

Substituting the values in Equation 6.7, we have: 

 

t1 = (L/v) x (hr/3600s) = (80 ft / 0.041 ft/s) / 3600s = 0.6 hr 

 

6.1.3 Time to Obtain a Detectable Sump Volume, t2 

The sumps are all round with flat bottoms (Assumption 4.2) and the detectable volume is calculated with: 

 

3

2

2314 in

gal
hDs 


  Equation 6.8 

 

where:  

Ds = sump diameter, in 

h = detectable liquid height, in 

 = volume to detection, gal 

 

Based on Assumption 4.2, the sumps have a 24" diameter. The sump detectable volume is determined 

from Equation 6.8 with the following values: 

 

h = 0.5 in (Assumption 4.5) 

Ds = 24 in (Assumption 4.2) 

 

 π/4 x (24 in)2 x 0.5 in / 231 gal/in3 = 0.98 gal 

 

The time to fill the leak detection equipment, t2, is calculated from the following equation: 
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Qt /2      Equation 6.9 

 

where:  

t2 = time to fill the leak detection equipment, hr 

 = volume to detection, gallons 

Q = leak rate, 0.1 gph 

 

Substituting  0.98 gal and Q = 0.1 gph in Equation 6.9 we have: 

 

t2 = 0.98 gal/ 0.1 gal/hr= 9.8 hr 

 

6.1.4 Total Detection Time, ttotal 

The total detection time is the sum of the previously enumerated pipe wetting, transport, and sump filling 

delays, which can be expressed in equation form as: 

 

ttotal = t1 + t2 + t3 

 

ttotal = 0.6 hr + 9.8 hr + 3.0 hr = 13.4 hr 

 

The resultant value is less than 24 hours for a minimum leak rate of 0.1 gph, thus satisfying the permit 

requirement for leakage detection. 

 

6.2 Leakage Along Floor-Rivulet Flow 

The time to detect a leak traveling across a floor liner is composed of two time components: t1 and t2. The 

first time component, t1, is the time for the leak to reach the leak detection equipment (Equation 6.7). The 

secondary time component, t2, is the time to fill the leak detection equipment based on the minimum leak 

rate.  

For each leak detection equipment, " t2 " is calculated by dividing the minimum detectable volume by the 

volumetric flow rate of the leak. The time component " t1 " is calculated using the methodology from 

Reference 7.10 (rivulet flow). The elapsed time to detect a leak, ttotal is the sum of these two time 

components: ttotal = t1 + t2. If the total time is less than 24 hours for a flow rate of 0.1 gph for all leak 

detection equipment, the permit condition is met. 

Calculation of " t1" for each leak detection equipment is not necessary; using the longest path length 

bounds the "time to detection." As indicated in Assumption 4.1, the rivulet leak travel distance is 

computed by summing the distance along the walls: adding the north-south wall distance to the east-west 

wall distance. 

 

6.2.1 Leakage Travel Time to Room Sumps, t1 

There is no need to calculate the flow rate of the leak across the floor since the permit has established a 

minimum leak rate of 0.1 gph. The approach illustrated here has been presented to and concurred by the 

Department of Ecology. 

  

The "time to detection" is determined using the average leak velocity at the minimum leak rate of 0.1 gph. 

The methodology shown in Reference 7.10 for rivulet flow forms the basis for the rivulet leak velocity 

calculation. The method requires the calculation of the angle of inclination for the rivulet, the capillary 

constant, and the rivulet cross sectional area. In order to be consistent with the units in Ref. 7.10, most 

units within this section are presented in grams (gm) and centimeters (cm). 
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The angle of inclination, α, which is the slope of the floor with respect to a vertical plane, as shown in 

Figure 2, is determined using trigonometry as shown with the following equation: 

 

 oS1tan90      Equation 6.10 

 

 

where: 

α = angle of inclination, degrees 

So = slope of floor, dimensionless 

 

 
Figure 2. Inclination Angle for Rivulet Flow 

 

From Assumption 4.3, So = 1/100 = 0.01. Substituting the values in the above Equation 6.10, we have: 

 

α = 90° - tan-1(0.01) = 90° - 0.5729° = 89.427° 

 

The capillary constant, the basis for the dimensionless width, is defined below (Ref. 7.10, p. 973, equation 

following equation 9): 

 




sing
a     Equation 6.11 

 

where:  

a = capillary constant, cm  

γ = liquid surface tension, dyne/cm (= gm/sec2)  

ρ = liquid density, gm/cm3  

g = gravitational acceleration = 980.7 cm/sec2  

 

The liquid properties are based on water at 100 °F (Assumption 4.4 & 4.6), which are listed in Table 4.2 

and are as follows: 

 

γ = 69.96 g/sec2 (Assumption 4.4) 

ρ = 0.993 g/cm3 (Assumption 4.4) 

α = 89.427° 

 

Substituting these in Equation 6.11 above, we have: 

 

)427.89sin(/7.980/993.0

sec/96.69
23

2




scmcmg

g
a  

a = 0.268 cm 

 

For the wide flat rivulet, its depth is determined based on (Ref. 7.10, 2nd equation following equation 25): 
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2

sin20
Y     Equation 6.12 

 

where:  

Y0 = dimensionless depth and is defined in Reference 7.10, definitions following equation 17 (2nd line 

following equation 17), as: 

 

a
Y 0

0


  

 

where: 

η0 = rivulet depth, cm 

θ = contact angle, degrees  

 

Solving for η0 yields: 

 

 2/sin20  a    Equation 6.13 

 

From Assumption 4.10 we have θ = 6°. Substituting this in Equation 6.13 results in: 

 

η0 = 2 x 0.268 cm x sin (6°/2) 

η0 = 0.02805 cm 

 

The rivulet width, l, is determined from Ref. 7.10, equation 27: 

 

 2/sin
3

8sintan 3 









g

l

Q
 

 

Rearrange above equation to solve for l: 

 

  





 sin

2/sin8

tan3
3

gQ
l    Equation 6.14 

 

where:  

l = rivulet width, cm  

µ = dynamic liquid viscosity, gm/cm.sec  

Q = volume flow, cm3/sec  

 

We can now calculate the width of the rivulet using Equation 6.14 below: 

 

α = 89.427° 

γ = 69.96 gm/sec2 (Assumption 4.4) 

µ = 0.00681 gm/cm.sec (Assumption 4.4) 

ρ = 0.993 gm/cm3 (Assumption 4.4) 

g = 980.7 cm/sec2 

θ = 6° (Assumption 4.10) 

Q = 0.1 gph = 0.1052 cm3/sec 
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2

23

32

3

sec/96.69

427.89sinsec/7.980/993.0

2/6sinsec/96.698

427.89tansec/1052.0sec./00681.03

gm

cmcmgm

gm

cmcmgm
l








 

l = 9.99 cm 

 

The rivulet cross-sectional area is determined using the approximation that the wide flat rivulet has a 

rectangular cross-section (rectangular cross-section for the wide flat rivulet is noted in Ref. 7.10, p. 975), 

thus the area is defined as:  

 

0 lA     Equation 6.15 

 

where: 

A = rivulet area, cm2 

 

Substituting values in Equation 6.15 we have: 

 

A = 9.99 cm x 0.02805 cm = 0.2802 cm2 

 

With the volumetric flow rate known, the rivulet velocity, v, can be calculated from rearranging Equation 

6.3 

 

AQv /     Equation 6.16 

 

Substituting values in Equation 6.16 we have: 

 

v = 0.1052 cm3/s / 0.2802 cm2= 0.3754 cm/sec 

 

The method used in this calculation is from Reference 7.10 and is based on a dimensionless flow rate, Ω, 

and dimensionless stream width, P, along with other parameters. The following equations for the 

dimensionless parameters, P and Ω, are used to calculate these values from Ref. 7.10, p. 974, equation 

following equation 17 and the 3rd equation following equation 17, respectively. 

 

alP /     Equation 6.17 

 

where:  

P = dimensionless width  

l = rivulet width, cm 

a = capillary constant, cm 

 

The dimensionless rivulet width (P) is calculated using Equation 6.17 as follows: 

 

P = 9.99 cm / 0.268 cm = 37.3 

 

The Equation for Ω is defined in Ref. 7.10 as: 

 





sintan

2


gQ
  Equation 6.18 

 

where: 

Ω = dimensionless flow rate  
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Q = volumetric flow rate, cm3/sec  

γ = liquid surface tension, dyne/cm (= gm/sec2)  

ρ = liquid density, gm/cm3  

g = gravitational acceleration = 980.7 cm/sec2  

α = angle of inclination (slope), degrees 

 

The dimensionless flow rate (Ω) is calculated using Equation 6.18: 

 

α = 89.427° 

γ = 69.96 gm/sec2 (Assumption 4.4) 

µ = 0.00681 gm/cm.sec (Assumption 4.4) 

ρ = 0.993 gm/cm3 (Assumption 4.4) 

g = 980.7 cm/sec2 

Q = 0.1 gph = 0.1052 cm3/sec 

 

   


 427.89sin427.89tan
sec/96.69

sec/1052.0sec/7.980/993.0sec./00681.0

22

323

gm

cmcmcmgmcmgm

 

Ω = 0.014 

 

From Reference 7.10 (p. 977, Figure 5), the point at the coordinates of Ω = 0.014 and P = 37.3 falls right 

on the asymptotic solutions for a wide rivulet close to θ = 5 degrees. This confirms the assumption for a 

wide rivulet flow (Assumption 4.9). 

 

The time to flow to sump, t1, is calculated for the sump with the longest rivulet travel distance, which is 

73’ (Assumption 4.1). Equation 6.7 is used to calculate the time to flow to sump, t1: 

 

 sec3600//1 hrvLt   

L = 73’ = 2225 cm 

v = 0.1052 cm3/s / 0.2802 cm2 = 0.3754 cm/sec 

 

t1 = (2225 cm / 0.3754 cm/s) x (1/3600) 

t1 = 1.65 hr 

 

6.2.2 Time to Obtain a Detectable Sump Volume, t2 

The time to obtain a detectable vessel sump volume is calculated in Section 6.1.3 and is: 

 

t2 = 9.8 hr 

 

6.2.3 Total Detection Time, ttotal 

The total detection time is the sum of the previously enumerated elapsed times t1 and t2: 

 

ttotal = t1 + t2 = 1.65 hr + 9.8 hr = 11.45 hr 

 

6.3 Results 

Table 6.1 below summarizes the result for the EMF’s capability to detect a leakage. This analysis 

demonstrates that the EMF sumps are capable of detecting a permit condition leakage rate of 0.1 gal/hr 

within a 24-hour period, thus the permit condition for EMF is satisfied. 
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Table 6.1: EMF Time to Leak Detection Capability 

Type of Leak 

Time to 

Sump 

t1 

(hr) 

Time to 

Fill 

t2 

(hr) 

Time to 

Wet 

t3 

(hr) 

Total Time to 

Detect 

ttotal 

(hr) 

Leakage thru double-wall (co-axial) piping 0.6 9.8 3.0 13.4 

Leakage on the floor 1.65 9.8 * 11.45 

*For leakage on the floor, Time to Wet (t3) is included in the Time to Sump (t1) 

Table 6.1 above shows that using the bounding distance of 73 ft (maximum total floor distance to sump 

DEP-SUMP-00003A/B from Table 4.1) resulted in a bounding total detection time of 11.45 hours. 

Therefore, the total detection time for all other DWP sumps, which have a distance less than 73 ft, are less 

than 11.45 hours. 
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1 Summary 

The Effluent Management Facility (EMF) must satisfy the waste removal criteria of Washington 
Administrative Code (WAC) 173-303-640(4) (Ref. 8.1) and of Dangerous Waste Permit Number 
WA7890008967 (Ref. 8.2) Permit Condition III.10.E.9.e.iii for EMF tank and miscellaneous unit system 
secondary containment systems.  This report evaluates the capability for removing, within 24 hours, 
bounding volumes of leaked waste from the secondary containment areas.  For outdoor vessel areas, the 
bounding volume includes rainfall from a twenty-five-year, twenty-four-hour rainfall event.  For indoor 
areas, the bounding volume includes 20 minutes of sprinkler fire water that may accumulate within the 
regulated secondary containment areas of EMF. 
 
The secondary containment areas with sump(s) are located at the (-) 39 feet and 0 feet elevations of EMF.  
The secondary containment areas are lined with a stainless steel liner or a special protective coating.  The 
liners are sloped to direct liquids to dry sump(s) in the area.  All sumps contain level detection 
instrumentation, which indicate increases in fluid levels in the sump. When liquid is initially detected in 
the sumps, an alarm will alert the operators to take action.  The sump(s) within the EMF process building 
as well as the Drain Tank building are emptied by sump pumps that can transfer accumulated liquids to 
process vessels for storage and subsequent processing. 
 
Total accumulated liquid volumes from dangerous waste, rainfall, and fire water are calculated for the 
containment areas listed below, as appropriate: 
 

1. Room ED-B001, Low Point Drain Vessel Area, (-) 39 ft. elevation.  The Low Point Drain Vessel 
Area contains the Low Point Drain Vessel (DEP-VSL-00001).   The total accumulated volume 
(21,456 gallons) in this area includes the total vessel volume (18,000 gallons) and the volume 
(3,456 gallons) of accumulated fire water. 
 

2. Room E-0105, Evaporator Feed Vessel Area, 0 ft. elevation. The Evaporator Feed Vessel Area 
contains the Evaporator Feed Vessel (DEP-VSL-00002) as well as three Evaporator Concentrate 
Vessels (DEP-VSL-00003A/B/C).  The total accumulated volume (44,028 gallons) in this area 
includes the total vessel volume (42,300 gallons) of the single largest vessel in the area, the 
Evaporator Feed Vessel, and the volume (1,728 gallons) of accumulated rainfall. 
 

3. Room E-0106, Process Condensate Lag Storage Vessel Area, 0 ft. elevation.  The Process 
Condensate Lag Storage Area contains two Overhead Sampling Vessels (DEP-VSL-00004A/B) 
and two Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B).   The total accumulated 
volume (130,993 gallons) in this area includes the total vessel volume (127,260 gallons) of the 
single largest vessel in the area, one of the Process Condensate Lag Storage Vessels (DEP-VSL-
00005A/B), and the volume (3,733 gallons) of accumulated rainfall.  
 

4. Room E-0103, West Evaporator Process Area, 0 ft. elevation.  The West Evaporator Process Area 
contains the Evaporator Feed Vessel discharge pumps (DEP-PMP-00002A/B and DEP-PMP-
00012A/B/C), the Evaporator Concentrate Vessel discharge pumps (DEP-PMP-00003A/B), the 
Evaporator Separator Vessel (DEP-EVAP-00001), the Evaporator Reboiler (DEP-RBLR-00001), 
and the Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-HX-00001).  The total 
accumulated volume (55,401 gallons) in this area includes the total vessel volume (42,300 
gallons) of the single largest vessel connected to the pumps in the area, the Evaporator Feed 
Vessel (DEP-VSL-00002), and the volume (13,101 gallons) of accumulated fire water. 
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5. Room E-0102, East Evaporator Process Area, 0 ft. elevation.  The East Evaporator Process Area 

contains the Overhead Sampling Vessel discharge pumps (DEP-PMP-00004A/B/C), the Process 
Condensate Lag Storage Vessel discharge pumps (DEP-PMP-00005A/B and DEP-PMP-
00015A/B/C), three Evaporator Condensers (DEP-COND-00001/2/3), the Reboiler Condensate 
Collection Vessel (DEP-VSL-00008), and the Steam Condensate Water Blowdown Vessel 
(SCW-VSL-00054).  The total accumulated volume (149,173 gallons) in this area includes the 
total vessel volume (127,260 gallons) of the single largest vessel connected to the pumps in the 
area, one of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B), and the volume 
(21,913 gallons) of accumulated fire water. 
 

6. Rooms E-0102 and E-0103, East and West Evaporator Process Areas Combined, 0 ft. elevation.  
Doors between the areas cannot be credited for isolating spills; therefore, liquid from one room 
has the potential to spill into the adjacent room.  The East and West Evaporator Process Areas 
contain the Overhead Sampling Vessel discharge pumps (DEP-PMP-00004A/B/C), the Process 
Condensate Lag Storage Vessel discharge pumps (DEP-PMP-00005A/B and DEP-PMP-
00015A/B/C), three Evaporator Condensers (DEP-COND-00001/2/3), the Reboiler Condensate 
Collection Vessel (DEP-VSL-00008), the Steam Condensate Water Blowdown Vessel (SCW-
VSL-00054), Evaporator Feed Vessel discharge pumps (DEP-PMP-00002A/B and DEP-PMP-
00012A/B/C), the Evaporator Concentrate Vessel discharge pumps (DEP-PMP-00003A/B), the 
Evaporator Separator Vessel (DEP-EVAP-00001), the Evaporator Reboiler (DEP-RBLR-00001), 
and the Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-HX-00001).  The total 
accumulated volume (162,274 gallons) in this area includes the total vessel volume (127,260 
gallons) of the single largest vessel connected to the pumps in the area, one of the Process 
Condensate Lag Storage Vessels (DEP-VSL-00005A/B), and the volume (35,014 gallons) of 
accumulated fire water. 
 

The capability to remove the total accumulated volume for each of the containment areas is summarized 
below: 
 

1. Room ED-B001 – Liquid removal is achieved by operation of one sump pump at a flow rate of 45 
gal/min.  Approximate time to remove the accumulated liquid volume is 8.0 hours. 
 

2. Room E-0105 – Liquid removal is achieved by operation of one sump pump at a flow rate of 120 
gal/min.  Approximate time to remove the accumulated liquid volume is 6.2 hours. 
 

3. Room E-0106 – Liquid removal is achieved by operation of one sump pump at a flow rate of 120 
gal/min.  Approximate time to remove the accumulated liquid volume is 18.2 hours. 
 

4. Room E-0103 – Liquid removal is achieved by operation of one sump pump at a flow rate of 120 
gal/min.  Approximate time to remove the accumulated liquid volume is 7.7 hours. 
 

5. Room E-0102 – Liquid removal is achieved by operation of one sump pump at a flow rate of 120 
gal/min.  Approximate time to remove the accumulated liquid volume is 20.7 hours. 
 

6. Rooms E-0102 & E-0103 Combined – Liquid removal is achieved by operation of one sump 
pump in each room at a total flow rate of 240 gal/min (120 gal/min per pump).  Approximate time 
to remove the accumulated liquid volume is 11.2 hours. 
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These values are within the 24-hour period required by WAC 173-303-640(4) (Ref. 8.1)  and stipulated 
by Permit Condition III.10.E.9.e.iii (Ref. 8.2).  These values are based on consideration of 100% of the 
total volume of the single largest vessel in each containment area, anticipated fire water, and rainfall, as 
applicable, that is postulated to accumulate in each area. 
 
The process for ensuring the sumps are dry are described for each area below: 
 

1. Room ED-B001 – The Low Point Drain Vessel Area is an indoor moderate radiation area. Since 
there will be no rain in the building, sampling of the accumulated liquid is not required.  After the 
maximum volume of accumulated liquid has been transferred by the sump pump, manual entry is 
required to rinse and flush the room.  The rinse/flush water is then transferred by the sump pump.  
A small amount of residual rinse/flush liquid will remain due to pumping capability and backflow 
from piping.  The residual rinse/flush liquid will be removed through means determined 
appropriate by operations. 
 

2. Room E-0105 – The Evaporator Feed Vessel Area is an outdoor high radiation classification area.  
Due to the possibility of frequent rain accumulation, sampling is required to determine whether 
sump accumulation is rain water or a process leak. To minimize operator entry once a sump high 
level alarm is tripped, dedicated sampling pumps within this area will pump samples of liquid to a 
sampling container within the fume hood located in the East Evaporator Process Area (E-0102) to 
determine the contents of the sump and the destination of the sump pump transfers.  If the liquid 
is a process leak, manual entry is required to rinse and flush the room after the maximum volume 
of accumulated liquid has been transferred by one of the sump pumps.  The rinse/flush water is 
then transferred by the sump pump.  Residual rinse/flush liquid will remain due to pumping 
capability and backflow from piping.  The residual rinse/flush liquid will be removed through 
means determined appropriate by operations, which may include the usage of the sampling 
pumps.  If the liquid is rainwater, after the maximum volume of accumulated liquid has been 
transferred, manual entry may be required to remove the residual liquid unless it is left to 
evaporate.  

 
3. Room E-0106 – The Process Condensate Lag Storage Area is an outdoor low radiation 

classification area.  Although there is possibility of frequent rain accumulation, the accumulation 
will be transferred to a non-leaking Process Condensate Lag Storage Vessel (DEP-VSL-
00005A/B) regardless of whether the liquid is rain water or a process leak, therefore, sampling is 
not required.  After the maximum volume of accumulated liquid has been transferred by one of 
the sump pumps, manual entry is required to rinse and flush the room if the accumulated liquid is 
a process leak.  Residual rinse/flush liquid will remain due to pumping capability and backflow 
from piping.  The residual rinse/flush liquid will be removed through means determined 
appropriate by operations.  If the liquid is rainwater, after the maximum volume of accumulated 
liquid has been transferred, manual entry may be required to remove the residual liquid unless it 
is left to evaporate.  

 
4. Room E-0103 – The West Evaporator Process Area is an indoor moderately high radiation area.  

Since there will be no rain in the building, sampling is not required.  After the maximum volume 
of accumulated liquid has been transferred by one of the sump pumps, manual entry is required to 
rinse and flush the room.  The rinse and flush water is then transferred out by one of the sump 
pumps.  Residual rinse/flush liquid will remain due to pumping capability and backflow from 
piping.  The residual rinse/flush liquid will be removed through means determined appropriate by 
operations.   
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5. Room E-0102 – The East Evaporator Process Area is an indoor moderate radiation area.  Since 

there will be no rain in the building, sampling is not required.  After the maximum volume of 
accumulated liquid has been transferred by one of the sump pumps, manual entry is required to 
rinse and flush the room.  The rinse and flush water is then transferred out by one of the sump 
pumps.  Residual rinse/flush liquid will remain due to pumping capability and backflow from 
piping.  The residual rinse/flush liquid will be removed through means determined appropriate by 
operations.   
 

6. Rooms E-0102 & E-0103 Combined – The East and West Evaporator Process Area is an indoor 
moderately high radiation area.  Since there will be no rain in the building, sampling is not 
required.  After the maximum volume of accumulated liquid has been transferred by one sump 
pump in each room, manual entry is required to rinse and flush the rooms.  The rinse and flush 
water is then transferred out by one sump pump in each room.  Residual rinse/flush liquid will 
remain due to pumping capability and backflow from piping.  The residual rinse/flush liquid will 
be removed through means determined appropriate by operations.   

 

2 Objective 

The objective of this report is to estimate and document the capability of removing spills, leaked waste, 
and accumulated liquids in the secondary containment systems of EMF within twenty-four hours as 
required by Washington Administrative Code (WAC) 173-303-640(4) (Ref. 8.1) and Dangerous Waste 
Permit WA7890008967 Condition III.10.E.9.e.iii (Ref. 8.2). 

3 Description 

The regulatory requirements for the secondary containment areas are contained in WAC 173-303-640(4), 
(Ref. 8.1). The regulatory requirement states that secondary containment systems must be: 

 
“Sloped or otherwise designed or operated to drain and remove liquids resulting from leaks, 
spills, or precipitation.  Spilled or leaked waste and accumulated precipitation must be removed 
from the secondary containment system within twenty-four hours…” [WAC 173-303-
640(4)(c)(iv)] 
 

The Waste Treatment Plant Dangerous Waste Permit (Ref. 8.2), Permit Condition III.10.E.9.e.iii requires 
submittal of:  
 

“Detailed operational plans and descriptions, demonstrating that spilled or leaked waste 
and accumulated liquids can be removed from the secondary containment system within 
twenty-four (24) hours” [WAC 173-303-806(4)(c)(vii)] 

 
The total accumulated volume in each secondary containment area that is required to be removed will be 
the volume that must be contained by the external liners, which is composed of the following: 
  

1. “… one hundred percent of the capacity of the largest tank within its boundary” [WAC 173-
303-640(4)(e)(i)(A)] (Ref. 8.1) 
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2. “… precipitation from a twenty-five-year, twenty-four-hour rainfall event” [WAC 173-303-
640(4)(e)(i)(B)] (Ref. 8.1), as applicable. 

3. “… fire-protection water from the fire protection system over the minimum design area for a 
period of 20 minutes…” [Basis of Design Section 14.10.1.2.1] (Ref. 8.6), as applicable.  

4 Assumptions 

4.1 Design flow rates, the bounding flow requirement, for sump pumps are used to estimate 
approximate time to remove accumulated volume.  Purchased equipment will have capacities 
equal to or exceeding the design flow rate.  If the purchased equipment has a higher capacity, the 
time required to remove the accumulated volume will decrease.  Therefore, this assumption is 
conservative. 

4.2 Specific operator response times are omitted for the purposes of this calculation.  This includes 
time required: 

 To respond after a leak has been detected 

 To manually align valves  

 To activate sump pumps  

 For subsequent operator responses.  

It is assumed that there will be sufficient operator response time provided outside of the required 
sump pump operation time.  

4.3 Waste removal is achieved by operation of one sump pump within a containment area at a time. 

4.4 Only one area in the facility accumulates liquid at a time. However, the leaking and spilling from 
accumulated liquids of one area is expected to have the potential of spilling into its adjacent area 
since doors are not credited to isolate the accumulated liquids. 

4.5 The Evaporator Separator (DEP-EVAP-00001), Evaporator Condensers’ (DEP-COND-
00001/2/3), Evaporator Reboiler (DEP-RBLR-00001), Reboiler Condensate Collection Vessel 
(DEP-VSL-00008), Steam Condensate Water Blowdown Vessel (SCW-VSL-00054), and 
Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-HX-00001) volumes are not considered 
in determination of accumulated liquid volumes because their capacities are smaller than the 
process vessel volumes considered. 

4.6 All inside areas are assumed to have a fire sprinkler system.  All outside areas are assumed not to 
have a fire sprinkler system.  

4.7 The containment areas are assumed to be either indoor or outdoor as shown in the following table 
per the EMF General Arrangement Drawing (Ref. 8.3): 

Room Area Indoor/Outdoor 
ED-B001 Low Point Drain Vessel Area Indoor 
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E-0105 Evaporator Feed Vessel Area Outdoor 
E-0106 Process Condensate Lag Storage Vessel Area Outdoor 
E-0103 West Evaporator Process Area Indoor 
E-0102 East Evaporator Process Area Indoor 

5 Analysis 

The secondary containment areas located at the (-) 39 feet and 0 feet elevations of EMF are provided with 
sump(s).  The liners are sloped to direct liquids to dry sump(s) in the secondary containment areas.  The 
containment areas and sump(s) are shown on the Balance of Facilities LAW Effluent Process Building 
and LAW Effluent Drain Tank Building General Arrangement Plan (Ref. 8.3).  The total accumulated 
volume of an indoor area is the total vessel volume of the single largest vessel in the containment area and 
the volume of accumulated fire water.  The total accumulated volume of an outdoor area is the total vessel 
volume of the single largest vessel in the containment area and the volume of accumulated rainfall.  The 
sump pump design flow rates are taken from the DEP Sump, Sump Pump and Pipeline Sizing mechanical 
calculation (Ref. 8.4) and the vessel, fire water, and rainfall volumes are calculated in and taken and 
rounded up to the nearest whole number from the Dangerous Waste Permit (DWP) Liner Heights in the 
Effluent Management Facility (EMF) report (Ref. 8.5). 
 
5.1 Room ED-B001, Low Point Drain Vessel Area 

Room ED-B001, the Low Point Drain Vessel Area, is located below grade in the Drain Tank Building at 
the (-) 39 ft. elevation.  It contains the Low Point Drain Vessel (DEP-VSL-00001), which has a total 
vessel volume of 18,000 gal.   
 
A stainless steel liner provides secondary containment to accommodate the total volume (18,000 gal) of 
the Low Point Drain Vessel (DEP-VSL-00001) and 3,456 gallons of fire water for a total accumulated 
liquid volume of 21,456 gallons.  
 
The floor liner is sloped towards the low-point sump (DEP-SUMP-00001), which is provided with level 
detection instrumentation and a sump pump (DEP-PMP-00031)  to send the process leak to the 
Evaporator Feed Vessel (DEP-VSL-00002).  After the maximum volume that can be pumped by the sump 
pump has been transferred, the area is manually rinsed and flushed. The rinse/flush water is then 
transferred.  The pump has a design flow rate of 45 gal/min.  Residual rinse/flush liquid will remain due 
to pumping capability and backflow from piping.  The residual rinse/flush liquid will be removed through 
means determined appropriate by operations.   
 
5.2 Room E-0105, Evaporator Feed Vessel Area 

Room E-0105, Evaporator Feed Vessel Area, is located in the northwest part of EMF at the 0 ft. elevation.  
It contains the following four vessels:  
 

 Evaporator Concentrate Vessel DEP-VSL-00003A (Total Volume: 14,805 gal) 
 Evaporator Concentrate Vessel DEP-VSL-00003B (Total Volume: 14,805 gal) 
 Evaporator Concentrate Vessel DEP-VSL-00003C (Total Volume: 14,805 gal) 
 Evaporator Feed Vessel DEP-VSL-00002 (Total Volume: 42,300 gal) 

 



 
24590-BOF-PER-M-16-002, Rev 0 

Waste Removal Capability for the Direct Feed LAW 
Effluent Management Facility (EMF) 

Issued for Permitting Use 
 

 
Page 7 

24590-PADC-F00041 Rev 6 (1/22/2009) 
 

A stainless steel liner provides secondary containment to accommodate the total volume (42,300 gal) of 
the largest vessel in the area, the Evaporator Feed Vessel (DEP-VSL-00002), and 1,728 gallons of rainfall 
for a total accumulated volume of 44,028 gallons.  
 
The floor liner is sloped towards the low-point sumps (DEP-SUMP-00004A and DEP-SUMP-00004B), 
which are provided with level detection instrumentation and sump pumps (DEP-PMP-00034A and DEP-
PMP-00034B).  The sump pumps send rainwater to one of the Overhead Sampling Vessels (DEP-VSL-
00004A or DEP-VSL-00004B), small process leaks to the Low Point Drain Vessel (DEP-VSL-00001), 
and large process leaks to one of the Overhead Sampling Vessels (DEP-VSL-00004A or DEP-VSL-
00004B).  The sump pumps have a design flow rate of 120 gal/min.  The fluid is determined to be 
rainwater or a process leak through the use of separate sampling pumps (DEP-PMP-00042A/B) which 
pump samples of the accumulated liquid to a sampling container in the fume hood (DEP-HOOD-00001) 
located in the East Evaporator Process Area (Room E-0102).  The size of a process leak is determined by 
sump level detection.  When the sump is overflowing, vessel level indications for the Evaporator Feed 
Vessel (DEP-VSL-00002) and the Evaporator Concentrate Vessels (DEP-VSL-00003A/B/C) are 
monitored.  If a measurable drop in vessel level is indicated, the leak size can be estimated.  After the 
maximum volume that can be pumped by the sump pumps has been transferred to their appropriate 
destinations, the area is manually rinsed and flushed, as needed. The rinse/flush water is then transferred.  
Residual rinse/flush liquid will remain due to pumping capability and backflow from piping.  The residual 
rinse/flush liquid will be removed through means determined appropriate by operations, which may 
include the usage of the sampling pumps.  If the liquid is rainwater, after the maximum volume of 
accumulated liquid has been transferred, manual entry may be required to remove the residual liquid 
unless being left to evaporate.  
 
 
5.3 Room E-0106, Process Condensate Lag Storage Vessel Area 

Room E-0106, Process Condensate Lag Storage Vessel Area, is located in the north part of EMF at the 0 
ft. elevation.  It contains the following four vessels: 
 

 Overhead Sampling Vessel DEP-VSL-00004A (Total Volume: 40,800 gal) 
 Overhead Sampling Vessel DEP-VSL-00004B (Total Volume: 40,800 gal) 
 Process Condensate Lag Storage Vessel DEP-VSL-00005A (Total Volume: 127,260 gal) 
 Process Condensate Lag Storage Vessel DEP-VSL-00005B (Total Volume: 127,260 gal) 

 
A special protective coating liner with water stops provides secondary containment to accommodate the 
total volume (127,260 gal) of the largest vessel in the area, the Process Condensate Lag Storage Vessel 
(DEP-VSL-00005A/B), and 3,733 gallons of rainfall for a total accumulated volume of 130,993 gallons.  
 
The floor liner is sloped towards the low-point sumps (DEP-SUMP-00005A and DEP-SUMP-00005B), 
which are provided with level detection instrumentation and sump pumps (DEP-PMP-00035A and DEP-
PMP-00035B) to send the process leak to a non-leaking Process Condensate Lag Storage Vessels (DEP-
VSL-00005A or DEP-VSL-00005B).  The pumps have a design flow rate of 120 gal/min.  The non-
leaking vessel is determined by monitoring the vessel level indications in both Process Condensate Lag 
Storage Vessels and/or by following operational procedures to visually inspect the area.  After the 
maximum volume that can be pumped by the sump pumps has been transferred, the area is manually 
rinsed and flushed, as needed. The rinse/flush water is then transferred.  The residual rinse/flush liquid 
will be removed through means determined appropriate by operations.  If the liquid is rainwater, after the 
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maximum volume of accumulated liquid has been transferred, manual entry may be required to remove 
the residual liquid unless being left to evaporate. 
 
 
5.4 Room E-0103, West Evaporator Process Area 

Room E-0103, West Evaporator Process Area, is located in the southwest part of EMF at 0 ft. elevation.  
It contains the Evaporator Separator (DEP-EVAP-00001), the Evaporator Reboiler (DEP-RBLR-00001), 
the Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-HX-00001), the Evaporator Feed Vessel 
discharge pumps (DEP-PMP-00002A/B and DEP-PMP-00012A/B/C), and the Evaporator Concentrate 
Vessels’ discharge pumps (DEP-PMP-00003A/B/C). 
 
A special protective coating liner with water stops provides secondary containment to accommodate the 
total volume (42,300 gal) of the largest vessel connected to the pumps in the area, the Evaporator Feed 
Vessel (DEP-VSL-00002), and 13,101 gallons of fire water for a total accumulated volume of 55,401 
gallons. 
 
The floor liner is sloped towards the low-point sumps (DEP-SUMP-00002A and DEP-SUMP-00002B), 
which are provided with level detection instrumentation and sump pumps (DEP-PMP-00032A and DEP-
PMP-00032B) to send small process leaks to the Low Point Drain Vessel (DEP-VSL-00001) and large 
process leaks to one of the Overhead Sampling Vessels (DEP-VSL-00004A or DEP-VSL-00004B).  The 
pumps have a design flow rate of 120 gal/min.  The size of the leak is determined by sump level detection 
until it overflows from the sump.  When the sump is overflowing, vessel level indications for the 
Evaporator Feed Vessel (DEP-VSL-00002) and the Evaporator Concentrate Vessels (DEP-VSL-
00003A/B/C) are monitored.  If a measurable drop in vessel level is indicated, the leak size can be 
determined.  If there is no measurable change in vessel level, operational procedures are followed to 
perform a visual inspection of this area to determine the source and size of leak.  After the maximum 
volume that can be pumped by the sump pumps has been transferred, the area is manually rinsed and 
flushed.  The rinse/flush water is then transferred.  Residual rinse/flush liquid will remain due to pumping 
capability and backflow from piping.  The residual rinse/flush liquid will be removed through means 
determined appropriate by operations.   
 
5.5 Room E-0102, East Evaporator Process Area 

Room E-0102, East Evaporator Process Area, is located in the southeast part of EMF at 0 ft. elevation. It 
contains the Evaporator Condensers (DEP-COND-00001/2/3), the Reboiler Condensate Collection Vessel 
(DEP-VSL-00008), the Steam Condensate Water Blowdown Vessel (SCW-VSL-00054), the Overhead 
Sampling Vessels’ discharge pumps (DEP-PMP-00004A/B/C), and the Process Condensate Lag Storage 
Vessels’ discharge pumps (DEP-PMP-00005A/B and DEP-PMP-00015A/B/C).  
 
A special protective coating liner with water stops provides secondary containment to accommodate the 
total volume (127,260 gal) of the largest vessel connected to the pumps in the area, the Process 
Condensate Lag Storage Vessel (DEP-VSL-00005A/B), and 21,913 gallons of fire water for a total 
accumulated liquid volume of 149,173 gallons. 
 
The floor liner is sloped towards the low-point sumps (DEP-SUMP-00003A and DEP-SUMP-00003B), 
which are provided with level detection instrumentation and sump pumps (DEP-PMP-00033A and DEP-
PMP-00033B) to send the process leak to a non-leaking Process Condensate Lag Storage Vessels (DEP-
VSL-00005A or DEP-VSL-00005B).  The pumps have a design flow rate of 120 gal/min.  The non-
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leaking vessel is determined by monitoring the vessel level indications in both Process Condensate Lag 
Storage Vessels and/or by following operational procedures to visually inspect the Process Condensate 
Lag Storage Vessel Area.  After the maximum volume that can be pumped by the sump pumps has been 
transferred, the area is manually rinsed and flushed.  The rinse/flush water is then transferred.  Residual 
rinse/flush liquid will remain due to pumping capability and backflow from piping.  The residual 
rinse/flush liquid will be removed through means determined appropriate by operations.  
  
5.6 Rooms E-0102 and E-0103, East and West Evaporator Process Areas Combined 

In the event that a pump suction line breaks in Room E-0102 or E-0103, there is the potential for liquid to 
spill into the adjacent room as doors cannot be credited for isolating spills.   
 
A special protective coating liner with water stops provides secondary containment to accommodate the 
total volume (127,260 gal) of the largest vessel connected to the pumps in either area, the Process 
Condensate Lag Storage Vessel (DEP-VSL-00005A/B), and 35,014 gallons of fire water across both 
process areas for a total accumulated liquid volume of 162,274 gallons. 
 
In this scenario, one sump pump (DEP-PMP-00032A/B in the West Evaporator Process Area and DEP-
PMP-00033A/B in the East Evaporator Process Area) is operating in each room to remove the contained 
liquid. The pumps have a design flow rate of 120 gal/min.  The fluid in the West Evaporator Process Area 
sumps are pumped to one of the Overhead Sampling Vessels (DEP-VSL-00004A or DEP-VSL-00004B) 
and the fluid in the East Evaporator Process Area sumps are pumped to a non-leaking Process Condensate 
Lag Storage Vessels (DEP-VSP-00005A or DEP-VSL-00005B).  The non-leaking vessel is determined 
by monitoring the vessel level indications in both of the Process Condensate Lag Storage Vessels and/or 
by following operational procedures to visually inspect the Process Condensate Lag Storage Vessel Area.  
After the maximum volume that can be pumped by the sump pumps has been transferred, the area is 
manually rinsed and flushed.  The rinse/flush water is then transferred.  Residual rinse/flush liquid will 
remain due to pumping capability and backflow from piping.  The residual rinse/flush liquid will be 
removed through means determined appropriate by operations.   

6 Calculations 

Waste removal capability is calculated for the containment areas based on information presented in 
Section 5 using the following equations: 
 
Flow Rate (gal/hr) = Flow Rate (gal/min) x (60 min/hr)    (Equation 1) 
 

Time Required to Remove Liquid (hr) = 
	 	

    (Equation 2) 

 
6.1 Pump Flow Rate Conversion 

Flow Rate (gal/hr) = Flow Rate (gal/min) x (60 min/hr)    (Equation 1) 
 

DEP-PMP-00031 flow rate	 	45
	

2700  

 

All other pump flow rate = 120
	

7200  
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6.2 Room ED-B001, Low Point Drain Vessel Area 

Liquid Source 
Total Volume 

(Section 5) 
DEP-PMP-00031 Flow Rate 

(Section 6.1) 
Time Required to Remove Liquid 

(Equation 2) 
DEP-VSL-00001 18,000 gal 2,700 gal/hr 6.7 hours 

Fire Water 3,456 gal 2,700 gal/hr 1.3 hours 
Rainfall Not Applicable 

Accumulated Liquid 21,456 gal 2,700 gal/hr 8.0 hours 
 
The requirement for removing accumulated liquid within twenty-four hours is met considering 8.0 hours 
is required for the sump pump to remove the total accumulated liquid and operator response time 
(Assumption 4.2) is not anticipated to require more than the remaining time.  
 
6.3 Room E-0105, Evaporator Feed Vessel Area 

Liquid Source  
Total Volume 

(Section 5) 
DEP-PMP-00034A/B Flow 

Rate (Section 6.1) 
Time Required to Remove Liquid 

(Equation 2) 
DEP-VSL-00002 42,300 gal 7,200 gal/hr 5.9 hours 

Fire Water Not Applicable 
Rainfall 1,728 gal 7,200 gal/hr 0.3 hours 

Accumulated Liquid 44,028 gal 7,200 gal/hr 6.2 hours 

 
The requirement for removing accumulated liquid within twenty-four hours is met considering 17.8 hours 
is required for the sump pump to remove the total accumulated liquid and operator response time 
(Assumption 4.2) is not anticipated to require more than the remaining time.  
 
6.4 Room E-0106, Process Condensate Lag Storage Vessel Area 

Liquid Source  
Total Volume 

(Section 5) 
DEP-PMP-00035A/B Flow 

Rate (Section 6.1) 
Time Required to Remove Liquid 

(Equation 2) 
DEP-VSL-00005A/B 127,260 gal 7,200 gal/hr 17.7 hours 

Fire Water Not Applicable 
Rainfall 3,733 gal 7,200 gal/hr 0.5 hours 

Accumulated Liquid 130,993 gal 7,200 gal/hr 18.2 hours 
 
The requirement for removing accumulated liquid within twenty-four hours is met considering 5.8 hours 
is required for the sump pump to remove the total accumulated liquid and operator response time 
(Assumption 4.2) is not anticipated to require more than the remaining time. 
 
6.5 Room E-0103, West Evaporator Process Vessel Area 

Liquid Source  
Total Volume 

(Section 5) 
DEP-PMP-00032A/B Flow 

Rate (Section 6.1) 
Time Required to Remove Liquid 

(Equation 2) 
DEP-VSL-00002 42,300 gal 7,200 gal/hr 5.9 hours 

Fire Water 13,101 gal 7,200 gal/hr 1.8 hours 
Rainfall Not Applicable 

Accumulated Liquid 55,401 gal 7,200 gal/hr 7.7 hours 
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The requirement for removing accumulated liquid within twenty-four hours is met considering only 16.3 
hours is required for the sump pump to remove the total accumulated liquid and operator response time 
(Assumption 4.2) is not anticipated to require more than the remaining time. 
 
6.6 Room E-0102, East Evaporator Process Vessel Area 

Liquid Source  
Total Volume 

(Section 5) 
DEP-PMP-00033A/B Flow 

Rate (Section 6.1) 
Time Required to Remove Liquid 

(Equation 2) 
DEP-VSL-00005A/B 127,260 gal 7,200 gal/hr 17.7 hours 

Fire Water 21,913 gal 7,200 gal/hr 3.0 hours 
Rainfall Not Applicable 

Accumulated Liquid 149,173 gal 7,200 gal/hr 20.7 hours 
 
The requirement for removing accumulated liquid within twenty-four hours is met considering 3.3 hours 
is required for the sump pump to remove the total accumulated liquid and operator response time 
(Assumption 4.2) is not anticipated to require more than the remaining time.  
 
6.7 Rooms E-0102 and E-0103, East and West Evaporator Process Areas Combined 

Liquid Source  
Total Volume 

(Section 5) 

DEP-PMP-00032A/B and 
DEP-PM-00033A/B Flow 

Rate Combined (Section 6.1) 

Time Required to Remove Liquid 
(Equation 2) 

DEP-VSL-00005A/B 127,260 gal 14,400 gal/hr 8.8 hours 
Fire Water 35,014 gal 14,400 gal/hr 2.4 hours 

Rainfall Not Applicable 
Accumulated Liquid 162,274 gal 14,400 gal/hr 11.2 hours 

The requirement for removing accumulated liquid within twenty-four hours is not challenged considering 
only 12.8 hours is required for the sump pump to remove the total accumulated liquid and operator 
response time is not anticipated to require more than the remaining time (Assumption 4.2). 
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7 Waste and Accumulated Liquid Removal Rates 

 

Containment 
Area 

Elevation 
(ft) 

Containment Area 
Room Number 

Sump(s) 
Sump 

Pump(s) 

Sump 
Pump 
Flow 
Rate 

(gal/min) 

Sump 
Pump 

Flow Rate 
(gal/hr) 

Largest Vessel in 
Containment 
Area (Vessel 

Number) 

Total 
Vessel 

Volume 
(gal) 

Time 
Required to 

Remove 
Vessel 

Volume (hr) 

Fire 
Water 

Volume 
(gal) 

Time 
Required to 
Remove Fire 
Water (hr) 

Rainfall 
Volume 

(gal) 

Time 
Required to 

Remove 
Rainfall (hr) 

Total 
Accumulated 
Volume (gal) 

Time Required 
to Remove 

Total 
Accumulated 
Volume (hr) 

-39 
ED-B001 

(Low Point Drain 
Vessel Area) 

DEP-
SUMP-
00001 

DEP-PMP-
00031 

45 2,700 DEP-VSL-00001 18,000 6.7 3,456 1.3 
Not Applicable. Rainfall is 
not accumulated in indoor 

areas. 
21,456 8.0 

0 
E-0105 

(Evaporator Feed 
Vessel Area) 

DEP-
SUMP-

00004A/B 

DEP-PMP-
00034A/B 

120 7,200 DEP-VSL-00002 42,300 5.9 
Not Applicable. Fire water is 
not accumulated in outdoor 

areas. 

1,728 0.3 44,028 6.2 

0 

E-0106 
(Process Condensate 
Lag Storage Vessel 

Area) 

DEP-
SUMP-

00005A/B 

DEP-PMP-
00035A/B 

120 7,200 
DEP-VSL-
00005A/B 

127,260 17.7 3,733 0.6 130,993 18.2 

0 
E-0103 

(West Evaporator 
Process Area) 

DEP-
SUMP-

00002A/B 

DEP-PMP-
00032A/B 

120 7,200 DEP-VSL-00002 42,300 5.9 13,101 1.9 

Not Applicable. Rainfall is 
not accumulated in indoor 

areas. 

55,401 7.7 

0 
E-0102 

(East Evaporator 
Process Area) 

DEP-
SUMP-

00003A/B 

DEP-PMP-
00033A/B 

120 7,200 
DEP-VSL-
00005A/B 

127,260 17.7 21,913 3.1 149,173 20.7 

0 
E-0102/E-0103 (East 
and West Evaporator 

Process Areas) 

DEP-
SUMP-

00002A/B 
and DEP-
SUMP-

00003A/B 

DEP-PMP-
00032A/B 

and  
DEP-PMP-
00033A/B 

120 x 2 14,400 
DEP-VSL-
00005A/B 

127,260 8.9 35,014 2.5 162,274 11.2 
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Notice 

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic Energy Act of 
1954 (AEA), are regulated at the US Department of Energy (DOE) facilities exclusively by DOE acting 
pursuant to its AEA authority.  DOE asserts, that pursuant to the AEA, it has sole and exclusive 
responsibility and authority to regulate source, special nuclear, and byproduct materials at DOE-owned 
nuclear facilities.  Information contained herein on radionuclides is provided for process description 
purposes only. 
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1 Summary 

The required and design liner heights for each room in the EMF containing dangerous waste are listed 
below.  The liner heights are from the high point of the sloped floor.  
 

Area Room Required Height Design Height  
Low Point Drain Vessel Area ED-B001 4 ft 2 inches 5 ft 
Evaporator Feed Vessel Area E-0105 5 ft 2 inches 7 ft 6 inches 

Process Condensate Lag Storage Vessel Area E-0106 6 ft 10 inches 8 ft 4 inches 
West Evaporator Process Area E-0103 3 ft 5 inches 4 ft 6 inches 
East Evaporator Process Area E-0102 4 ft 6 inches 5 ft 10 inches 

 
The liner heights were calculated by taking the total accumulated liquid volume, including the total 
volume of a single largest vessel in the room and rainfall or fire water, as applicable, dividing that by the 
net room area and adding a foot to account for the volume of miscellaneous equipment and components 
that may be within the containment area.  For each area, it was determined whether a leak from another 
area could spill into the specified area.  If a potential for leaking from another area existed, the most 
bounding scenario was used to determine the liner height.  
 
Design heights were taken from the Architectural Room Finish Schedule (Ref. A-6.5). 

2 Introduction 

The regulatory codes for the secondary containment areas are contained in the Washington 
Administrative Code, WAC 173-303-640(4)(e)(i).  The regulatory requirement states that external liner 
systems must be:  
 

“(A) Designed or operated to contain one hundred percent capacity of the largest tank within its 
boundary; 
(B) Designed or operated to prevent run-on or infiltration of precipitation into the secondary 
containment system unless the collection system has sufficient excess capacity to contain run-on 
or infiltration. Such additional capacity must be sufficient to contain precipitation from a twenty-
five year, twenty-four hour rainfall event…”   [WAC 173-303-640(4)(e)(i)] (Applicable 
Documents 3.1) 

 
The calculated liner heights for indoor areas must also be able to contain the volume from 20 minutes of 
fire suppression water as required by the Basis of Design (Ref. A-6.2) in addition to the volume of the 
dangerous waste.  This report assesses the liner heights required to contain dangerous waste, rainfall, and 
fire water in the Effluent Management Facility (EMF).     

3 Applicable Documents 

 Washington Administrative Code, December 18, 2014, Title 173 Chapter 303 Section 640 

 NFPA 13, Standard for Installation of Sprinkler Systems, 1999 
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4 Description  

There are five areas in the EMF that are considered dangerous waste permit affecting.  The five areas are 
the Low Point Drain Vessel Area, Evaporator Feed Vessel Area, Process Condensate Lag Storage Vessel 
Area, West Evaporator Process Area, and East Evaporator Process Area.  Vessel and pump suction line 
failures are evaluated for each area to determine the required liner height that will contain the total 
accumulated liquid volume of dangerous waste and rainfall or fire water, as applicable.   
 
For indoor areas, it is assumed (Assumption A-3.5 and A-3.11) that the area will contain automatic 
sprinklers and there will be no accumulation from precipitation.  Therefore, the liner must be sized to 
contain:  

 The larger of 110% of volume up to the overflow line of the largest vessel (i.e. maximum 
operating volume), used as a conservative criteria per Basis of Design requirement 11.3.5.1 (Ref. 
A-6.2), or 100% of the capacity of the largest vessel/tank within the secondary containment 
boundary per WAC 173-303-640[4][e][i][A] (Applicable Documents 3.1) and  

 Accumulation of 20 minutes of fire water from automatic sprinkler discharge in accordance with 
Basis of Design requirement 14.10.1.2.1 (Ref. A-6.2) with 10% added overage to account for 
hydraulic overages (Assumption A-3.10) 

 
For outdoor areas, it is assumed (Assumption A-3.5 and A-3.11) that the area will not contain automatic 
sprinklers and there will be accumulation from precipitation.  Therefore, the liner must be sized to 
contain:  

 The larger of 110% of volume up to the overflow of the largest vessel (i.e. maximum operating 
volume), used as a conservative criteria per Basis of Design requirement 11.3.5.1 (Ref. A-6.2), or 
100% of the capacity of the largest vessel/tank within the secondary containment boundary per 
WAC 173-303-640[4][e][i][A] (Applicable Documents 3.1) and 

 Precipitation from a twenty-five-year, twenty-four-hour rainfall event per WAC 173-303-
640[4][e][i][B] (Applicable Documents 3.1)  

 
 Low Point Drain Vessel Area (ED-B001) 

Room ED-B001, the Low Point Drain Vessel Area, is an area located below grade in the Law Effluent 
Drain Tank Building at the (-) 39 ft. elevation.  It contains one vessel, the Low Point Drain Vessel (DEP-
VSL-00001).   
 
In the event of a vessel failure, leakage and spillage could occur.  Since the room is indoors, it could also 
accumulate fire water from the automatic sprinkler system in the event of a fire.  
 
The Low Point Drain Vessel Area is not adjacent to other areas containing pumps and vessels; therefore, 
spillage and leakage from another areas is not of concern and a scenario assuming discharge of the total 
volume of liquid contained in the Low Point Drain Vessel (DEP-VSL-00001) and 20 minutes of fire 
water is evaluated as the most conservative scenario.   
 
The total Low Point Drain Vessel volume of 18,000 gal (2,406 ft3) is greater than 110% of the maximum 
operating volume (15,180 gal); therefore, 18,000 gal (2,406 ft3) is used as the controlling vessel volume in 
this scenario.  462 ft3 of fire water (20 minutes of sprinkler discharge with a 10% margin for overage) is 
added to the total vessel volume to determine the total accumulated liquid volume.  The total accumulated 
liquid volume that must be contained by the liner in the room = 2,406 ft3 + 462 ft3 = 2,868 ft3. 
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The room slopes to a single sump (DEP-SUMP-00001).  To simplify the calculation, the available room 
volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 
 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 2,868 ft3 divided by the net room area (924 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 4.10 
ft = 4 ft 2 in (rounded to the next inch).   
 
The design liner height is 5 ft (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The detailed 
calculation for the required liner height is provided in Appendix A. 
 

 Evaporator Feed Vessel Area (Room E-0105) 

Room E-0105, Evaporator Feed Vessel Area, is an area located in the northwest side of EMF at the 0 ft. 
elevation.  It contains the following four vessels:  
 

 Evaporator Feed Vessel DEP-VSL-00002 
 Evaporator Concentrate Vessel DEP-VSL-00003A 
 Evaporator Concentrate Vessel DEP-VSL-00003B 
 Evaporator Concentrate Vessel DEP-VSL-00003C 

 
In the event of a vessel failure, leakage and spillage could occur.  Since the room is outdoors, it could also 
accumulate rainfall.  
 
The wall shared between the Evaporator Feed Vessel Area and the Process Condensate Lag Storage 
Vessel Area does not contain any penetrations; therefore, there is no potential for accumulated liquid in 
the Process Condensate Lag Storage Vessel Area to leak into the Evaporator Feed Vessel Area.  The 
penetrations into the building are welded; therefore, no accumulated liquid from within the building will 
have the potential of leaking outdoors. To calculate the required height of the liner in this area, a scenario 
assuming discharge of the total volume of liquid from the single largest vessel in the room, the Evaporator 
Feed Vessel (DEP-VSL-00002), and accumulation of rainfall is evaluated as the most conservative 
scenario. 
 
The total Evaporator Feed Vessel volume of 42,300 gal (5,655 ft3) is greater than 110% of the maximum 
operating volume (41,800 gal); therefore, 42,300 gal (5,655 ft3) is used as the controlling volume.  1.56 
inches of rainfall, which equates to 231 ft3 of rainfall for the cross-sectional area (1,774 ft2) of the room is 
added to the vessel volume to determine the total accumulated liquid volume.  The total accumulated 
liquid volume that must be contained by the liner in the room = 5,655 ft3 + 231 ft3 = 5,886 ft3. 
 
The room slopes down to two sumps (DEP-SUMP-00004A/B).  To simplify the calculation, the available 
room volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 
 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 5,886 ft3 divided by the net room area (1,430 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
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plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 5.12 
ft = 5 ft 2 in (rounded to the next inch). 
 
The design liner height is 7 ft 6 in (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The 
detailed calculation for the required liner height is provided in Appendix A. 
 

 Process Condensate Lag Storage Vessel Area (E-0106) 

Room E-0106, Process Condensate Lag Storage Area, is an area located in the north side of EMF at the 0 
ft. elevation.  It contains the following four vessels: 
 

 Overhead Sampling Vessel DEP-VSL-00004A 
 Overhead Sampling Vessel DEP-VSL-00004B 
 Process Condensate Lag Storage Vessel DEP-VSL-00005A 
 Process Condensate Lag Storage Vessel DEP-VSL-00005B 

 
In the event of a vessel failure, leakage and spillage could occur.  Since the room is outdoors, it could also 
accumulate rainfall.  
 
The wall shared between the Process Condensate Lag Storage Vessel Area and the Evaporator Feed 
Vessel Area does not contain any penetrations; therefore, there is no potential for accumulated liquid in 
the Evaporator Feed Vessel Area to leak into the Process Condensate Lag Storage Vessel Area.  The 
penetrations into the building are welded; therefore, no accumulated liquid from within the building will 
have the potential of leaking outdoors. To calculate the required height of the liner in this area, a scenario 
assuming discharge of the total volume of liquid from the single largest vessel in the room, one of the 
Process Condensate Lag Storage Vessels (DEP-VSL-00005A or DEP-VSL-00005B), and accumulation 
of rainfall is evaluated as the most conservative scenario.   
 
The total Process Condensate Lag Storage Vessel volume of 127,260 gal (17,012 ft3) is greater than 110% 
of the maximum operating volume (122,937 gal); therefore, 127,260 gal (17,012 ft3) is the controlling 
volume. 1.56 inches of rainfall, which equates to 499 ft3 of rainfall for the cross-sectional floor area 
(3,837 ft2) of the room is added to the vessel volume to determine the total accumulated liquid volume.  
The total accumulated liquid volume that must be contained by the liner in the room = 17,012 ft3 + 499 ft3 
= 17,511 ft3. 
 
The room slopes down to two sumps (DEP-SUMP-00005A/B).  To simplify the calculation, the available 
room volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 
 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 17,511 ft3 divided by the net room area (3,031 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 6.77 
ft = 6 ft 10 in (rounded to the next inch).   
 
The design liner height is 8 ft 4 in (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The 
detailed calculation for the required liner height is provided in Appendix A. 
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 West (E-0103) and East (E-0102) Evaporator Process Areas 

Room E-0103, West Evaporator Process Area, is an area located in the southwest side of EMF at 0 ft. 
elevation.  The room contains the discharge pumps (DEP-PMP-00002A/B and DEP-PMP-00012A/B/C) 
from the Evaporator Feed Vessel (DEP-VSL-00002) and discharge pumps (DEP-PMP-00003A/B) from 
the Evaporator Concentrate Vessels (DEP-VSL-00003A/B/C).  The room also contains miscellaneous 
vessels such as the Evaporator Separator (DEP-EVAP-00001), the Evaporator Reboiler (DEP-RBLR-
00001), and the Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-HX-00001). 
 
Room E-0102, East Evaporator Process Area, is an area located in the southeast side of EMF at 0 ft. 
elevation.  The room contains the discharge pumps (DEP-PMP-00004A/B/C) of the Overhead Sampling 
Vessels (DEP-VSL-00004A/B) and discharge pumps (DEP-PMP-000015A/B/C and DEP-PMP-
00005A/B) of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B).  The room also 
contains miscellaneous vessels such as the three Evaporator Condensers (DEP-COND-00001/2/3), 
Reboiler Condensate Collection Vessel (DEP-VSL-00008), and the Steam Condensate Water Blowdown 
Vessel (SCW-VSL-00054).  
  
In the event that a pump suction line fails, the entire volume of the connected vessel could discharge into 
the room.  Since the rooms are indoor, they could also accumulate fire water from the automatic sprinkler 
system.  The door between the two process areas cannot be credited as a seal; therefore, accumulated 
liquid in one area can leak into the other.  In order to determine the appropriate liner height, two scenarios 
for each area are considered. 
 
4.4.1 Scenario One for West Evaporator Process Area (E-0103) 

The first scenario to be evaluated for the West Evaporator Process Area is the ability to contain the total 
volume of the single largest vessel connected to the pumps housed in the area and accumulation of fire 
water.  Since the West Evaporator Process Area houses the discharge pumps for the Evaporator Feed and 
Evaporator Concentrate Vessels, the single largest vessel connected to the pumps in the area is the 
Evaporator Feed Vessel (DEP-VSL-00002). 
 
Per Section 4.2, the controlling volume for the Evaporator Feed Vessel is 42,300 gal (5,655 ft3).  1,751 ft3 
of fire water (20 minutes of sprinkler discharge with a 10% margin for overage) is added to the vessel 
volume to determine the total accumulated liquid volume.  The total accumulated liquid volume that must 
be contained by the liner in the room = 5,655 ft3 + 1,751 ft3 = 7,406 ft3. 

 
The room slopes down to two sumps (DEP-SUMP-00002A/B).  To simplify the calculation, the available 
room volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 

 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 7,406 ft3 divided by the net room area (3,393 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 3.18 
ft = 3 ft 3 in (rounded to the next inch).   
 
The design liner height is 4 ft 6 in (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The 
detailed calculation for the required liner height is provided in Appendix A. 
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4.4.2 Scenario One for East Evaporator Process Area (E-0102) 

The first scenario to be evaluated for the East Evaporator Process Area is the ability to contain the total 
volume of the single largest vessel connected to the pumps housed in the area and accumulation of fire 
water.  Since the East Evaporator Process Area houses the discharge pumps for the Overhead Sampling 
and Process Condensate Lag Storage Vessels, the single largest vessel connected to the pumps in the area 
is one of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B). 
 
Per Section 4.3, the controlling volume for the Process Condensate Lag Storage Vessel is 127,260 gal 
(17,012 ft3).  2,929 ft3 of fire water (20 minutes of sprinkler discharge with a 10% margin for overage) is 
added to the vessel volume to determine the total accumulated liquid volume.  The total accumulated 
liquid volume that must be contained by the liner in the room = 17,012 ft3 + 2,929 ft3 = 19,941 ft3. 
 
The room slopes down to two sumps (DEP-SUMP-00003A/B).  To simplify the calculation, the available 
room volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 
 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 19,941 ft3 divided by the net room area (5,727 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 4.48 
ft = 4 ft 6 in (rounded to the next inch).   
 
The design liner height is 5 ft 10 in (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The 
detailed calculation for the required liner height is provided in Appendix A. 
 
4.4.3 Scenario Two for West and East Evaporator Process Areas 

The second scenario to be evaluated for both Evaporator Process Areas is to consider the ability to 
contain the total normalized accumulated liquid in both areas.  This scenario considers the pump suction 
line for the single largest vessel associated with pumps in either process area to fail, therefore, the total 
accumulated liquid would contain the total vessel volume of a single Process Condensate Lag Storage 
Vessel (DEP-VSL-00005A/B) and the accumulation of fire water across both areas.  
 
Per Section 4.3, the controlling volume for Process Condensate Lag Storage Vessel is 127,260 gal 
(17,012 ft3).  4,681 ft3 of fire water (20 minutes of sprinkler discharge with a 10% margin for overage) is 
added to the vessel volume to determine the total accumulated liquid volume.  The total accumulated 
liquid volume that must be contained by the liner in the West and East Evaporator Process Areas = 17,012 
ft3 + 4,681 ft3 = 21,693 ft3. 
 
The liner height is measured from the high point of the sloped floor, which is conservative because 
neglecting the volume under the sloped area leads to a taller liner height.  The required liner height above 
the high point is equal to the total volume of 21,693 ft3 divided by the net room area (9,120 ft2) of the 
room, which is the cross-sectional area of both process areas minus the footprints of non-failed vessels in 
both areas, plus 1 ft to account for miscellaneous equipment and components within the area, which is 
equal to 3.38 ft = 3 ft 5 in (rounded to the next inch).  The detailed calculation for the required liner 
height is provided in Appendix A.  
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Based on evaluation of the two scenarios for both Evaporator Process Areas, the required liner height 
determined in scenario two (Section 4.4.3) is greater than the required liner height determined in scenario 
one (Section 4.4.1) for the West Evaporator Process Area, but smaller than the required liner height 
determined in scenario one (Section 4.4.2) for the East Evaporator Process Area.  Therefore, 3 ft 5 inches 
will be the required liner height for the West Evaporator Process Area and 4 ft 6 inches will be the 
required liner height for the East Evaporator Process Area.  The design liner height for West and East 
Evaporator Process Areas are 4 ft 6 inches and 5 ft 10 inches (Ref. A-6.5), respectively, therefore, the 
liner heights are sufficient. 
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Appendix A 
Calculation of Accumulated Liquid Volumes and Liner 
Heights 
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Appendix A: Calculation of Accumulated Liquid Volumes 
and Required Liner Heights 

A-1 Purpose 

The purpose of this calculation is to size the required liner heights for the dangerous waste containment 
areas of the Effluent Management Facility at elevation -39 ft and elevation 0 ft.  The Low Point Drain 
Vessel Area is at the -39 ft elevation and the Evaporator Feed Vessel Area, Process Condensate Lag 
Storage Vessel Area, West Evaporator Process Area, and East Evaporator Process Area are located at the 
0 ft elevation as shown on the Effluent Management Facility General Arrangement Drawing (Ref. A-6.1).  

A-2 Criteria and Design Inputs 

A-2.1 Secondary containment for indoor storage areas shall be designed to contain a spill from the 
largest vessel plus the design flow volume of fire-protection water calculated to discharge from 
the fire-extinguishing system over the area of the room for a period of 20 minutes (Ref. A-6.2 Sec. 
14.10.1.2.1). 

A-2.2 Secondary containment external liners shall be designed to contain one hundred percent of the 
capacity of the largest tank within its boundary as well as precipitation from a twenty-five year, 
twenty-four hour rainfall event (Applicable Documents 3.1 WAC 173-303-640[4][e][i][A], WAC 
173-303-640[4][e][i][B], and Ref. A-6.2 Sec. 14.10.1.2.1). 

A-2.3 The twenty-five-year, twenty-four-hour rainfall event for the Hanford Site is 1.56 inches (Ref. A-
6.4 Table 61). 

A-2.4 The liners are designed to contain one hundred percent of the largest tank within its boundary, or 
one hundred ten percent of the volume up to the overflow (i.e., maximum operating volume) of 
the largest tank within its boundary (Applicable Documents 3.1 WAC 173-303-640[4][e][i][B] 
and Reference A-6.2 Section 11.3.5.1).  

A-3 Assumptions 

A-3.1 To evaluate the worst case scenario, the volume of the vessel is assumed to leak completely onto 
the floor until it reaches equilibrium with the surrounding liquid level. 

A-3.2 The calculation for net room area assumes that the area beneath non-failed vessels or tanks do not 
contain any spilled liquids. 

A-3.3 In a fire event, it is assumed that the fire water will remain in the containment area with no credit 
given to the operation of area sump pump(s).  
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A-3.4 Room dimensions used in calculating area and volumes are assumed to be the following: 

Room Area Dimensions (Ref. A-6.3) 
Length Width Area (ft2) 

ED-B001 Low Point Drain Vessel Area 28’ 33’ 924 
E-0105 Evaporator Feed Vessel Area 45’6” 39’ 1,774 
E-0106 Process Condensate Lag Storage Vessel 

Area 
45’6” 84’4” 3,837 

E-0103 West Evaporator Process Area 62’ 56’6” 3,503 
E-0102 East Evaporator Process Area 62’ 94’6” 5,859 

 
A-3.5 All inside areas are assumed to have a fire sprinkler system.  All outside areas are assumed not to 

have a fire sprinkler system.   

A-3.6 The following vessels are contained within each listed room as shown on the general arrangement 
drawing (Ref. A-6.1) and assumed to have the diameters and volumes below (Ref. A-6.3): 

Room Vessel Elevation Vessel 
Diameter 

Total Vessel 
Volume (gal) 

Maximum 
Operating 

Volume (gal) 
ED-B001 Low Point Drain 

Vessel 
(DEP-VSL-00001) 

- 39 ft 14 ft 1 in 18,000 13,800 

E-0105 Evaporator Feed 
Vessel 

(DEP-VSL-00002) 

0 ft 14 ft 1 in 42,300 38,000 

Evaporator 
Concentrate Vessels 

(DEP-VSL-
00003A/B/C) 

0 ft 12 ft 1 in 14,805 11,703 

E-0106 Overhead Sampling 
Vessels 

(DEP-VSL-
00004A/B) 

0 ft 14 ft 1in 40,800 36,600 

Process Condensate 
Lag Storage Vessels 

(DEP-VSL-
00005A/B) 

0 ft 25 ft 1 in 127,260 111,761 

 
A-3.7 Miscellaneous vessels in the West and East Evaporator Process Areas are assumed to have the 

following dimensions and footprints (Ref. A-6.3): 

Room Equipment Dimensions Footprint 
E-0103 DEP-EVAP-00001 10’ D x 23’ H 79 ft2 
E-0103 DEP-RBLR-00001 6’ L x 4’ W x 14’ H 24 ft2

E-0103 DEP-HX-00001 2’6” L x 2’6” W 6’8” H 7 ft2

E-0102 SCW-VSL-00054 4’ D x 9’ H 13 ft2

E-0102 DEP-VSL-00008 4’ D x 3’ T-T 13 ft2 
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E-0102 DEP-COND-00001 21’ L x 4’ W x 10’ H 84 ft2

E-0102 DEP-COND-00002 8’ L x 2’ W x 2’ H 16 ft2

E-0102 DEP-COND-00003 6’ L x 1’ W x 2’ H 6 ft2

 
A-3.8 The Evaporator Separator (DEP-EVAP-00001), Evaporator Condensers (DEP-COND-00001/2/3), 

Evaporator Reboiler (DEP-RBLR-00001), Reboiler Condensate Collection Vessel (DEP-VSL-
00008), Steam Condensate Water Blowdown Vessel (SCW-VSL-00054), and the Evaporator 
Concentrate/Feed LAW Effluent Cooler (DEP-HX-00001) are not considered in determining the 
single largest vessel in each area because their capacities are expected to be significantly smaller 
than the process vessel volumes that are considered.  

A-3.9 One (1) ft is added to the secondary containment height to account for the volume of 
miscellaneous equipment and components that may be within the containment area.  The volume 
of miscellaneous equipment and components is not expected to challenge the volume from one 
foot of height in the containment area.   

A-3.10 An automatic sprinkler system design density is assumed to be 0.17 gpm/ft2 with 10 percent 
added to account for hydraulic overages (Applicable Documents 3.2 and Ref. A-6.6). 

A-3.11  Precipitation will only accumulate in the outdoor areas.  

A-4 Methodology 

To determine the required liner height for the worst case scenario in each containment area, the vessels 
are considered to be completely filled and sitting on the floor and the largest vessel is expected to leak 
completely into the room.  In addition, for the Evaporator Process Areas, it is also assumed that the leak 
has the capability of spilling between areas and normalizing within the combined area because 
doors/walls in the area cannot be credited as seals.  Therefore, each containment area must be evaluated 
for the leaking of the total volume of the largest vessel in the area or 110% of the maximum operating 
volume, whichever is larger, as well as leaking from adjacent areas and rainfall or fire water, as 
applicable. 
 
A-4.1 Conversion 

Volume (ft3) = 	 0.13368       (Equation 1) 

 
A-4.2 Vessel 

Avessel (ft2) = Vessel Footprint Area =       (Equation 2) 

 
Where   3.14 

d (ft) = Vessel Diameter 
 
A-4.3 Room Dimensions and Equations 

Aroom (ft2) = Area of a Rectangular Room = L x W     (Equation 3) 
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Vroom (ft3) = Volume of a Rectangular Room = L x W x H    (Equation 4) 
 
Where  L (ft) = Length of room 

W (ft) = Width of room 
H (ft) = Height of room 

  	
	 	 	 ∑    (Equation 5) 

 
A-4.4 Fire Water Discharge Volume for Automatic Fire Suppression Systems 

VF (ft3) = Volume of Fire Water = 1.1    (Equation 6) 
 
Where Aroom (ft2) = Area of a Rectangular Room 
 ρsprinkler gal/min/ft = Sprinkler Discharge Density (0.17 gal/min/ft2) (Assumption A-3.10) 
 T (min) = Sprinkler Discharge Time (20 minutes)    (Input A-2.1) 

1.1 = 10% Margin for Hydraulic Overages    (Assumption A-3.10) 
 

A-4.5 Rainfall Volume 

VR (ft3) = Volume of Rainfall = 
	

	
     (Equation 7) 

 
Where Aroom (ft2) = Area of a Rectangular Room 

Hr (in) = Height of Rainfall from a Twenty-Five-Year, Twenty-Four-Hour Rainfall Event  
= 1.56 inches (Input A-2.3) 

 
A-4.6 Accumulated Liquid Volume and Required Liner Height 

VT = Total Accumulated Liquid Volume  
      = VV + (VF or VR), whichever is applicable      (Equation 8) 
 
Where VV = 100% Total Vessel Volume or 110% of the Maximum Operating Volume, whichever is  
            larger 
 VF = Volume of Fire Water 

VR = Volume of Rainfall 
 

HL (ft) = Required Liner Height =  +1 ft      (Equation 9) 

 
Where VT (ft3) = Total Accumulated Liquid Volume 
 Anet (ft2) = Net Room Area 
 1 ft = Volume of Miscellaneous Equipment and Components  (Assumption A-3.9) 
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A-5 Calculations 

A-5.1 Required Liner Height for Low Point Drain Vessel Area, Room ED-B001, Elevation -39 ft 

Scenario: Failure of the Low Point Drain Vessel (DEP-VSL-00001) and accumulation of fire water from 
automatic fire suppression system discharge (Assumption A-3.5). No rainfall will accumulate (A-3.11) 
 
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 18,000	  (Assumption A-3.6) 
110%	 	 	 1.10 	13,800	 15,180	  (Assumption A-3.6) 

18,000	 15,180	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the Low Point Drain Vessel Area is calculated using the 
following equation: 

	8  
 
Where 

	 	18,000	 	 	 	 (Assumption A-3.6) 

18,000	 0.13368	 ≅ 2,406	 	1  

 
1.1	 	6   

 
924	  (Assumption A-3.4) 

 

	 924	 0.17	 / / 20	 1.1 3,455.76	  

3,455.76	 0.13368
	

≅ 462	 	1  

 
Therefore, 
 

2,406 462 2,868  
 

18,000	 3455.76	 ≅ 21,456	  
 
The required liner height for the room is calculated using the following equation:  

HL = Required Liner Height = 1	  (Equation 9) 

The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  There are no other vessels in the Low Point Drain Vessel Area. 
 

∑  (Equation 5) 
 
∑ 0	 	(Equation 2) 
 
Anet = 924 ft2 – 0 ft2 = 924 ft2 
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Therefore, 
 

2,868
924

1	 4.10 ≅ 4	 	2	 	 	 	 	 	 	  

 
A-5.2 Required Liner Height for Evaporator Feed Vessel Area, Room E-0105, Elevation 0 ft 

Scenario: Leakage and spillage of the single largest vessel in area, Evaporator Feed Vessel (DEP-VSL-
00002) (Assumption A-3.6) and accumulation of rainfall (Assumption A-3.11). No accumulation of fire 
water from automatic fire suppression system discharge (Assumption A-3.5).  
 
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 42,300	  (Assumption A-3.6) 
110%	 	 	 1.10 	38,000	 41,800	  (Assumption A-3.6) 

42,300	 41,800	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the Evaporator Feed Vessel area is calculated using the 
following equation: 
 

	8  
 
 
Where 

	 	42,300	 	 	 	  (Assumption A-3.6) 
 

42,300 0.13368 ≅ 5,655	 	1  

 

VR = Volume of Rainfall = 
	

	
	(Equation 7) 

 
1,774	  (Assumption A-3.4) 

 

1,774	 1.56	 	
1
12

≅ 231	  

 

	 231	
1	

0.13368	
≅ 1,728	 	 	1  

 
Therefore, 
 

5,655	 231	 5,886	  
 

	 42,300	 1,728	 44,028	  
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The required liner height for the room is calculated using the following equation:  
 

HL = Required Liner Height = 1	  (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are all three Evaporator Concentrate Vessels (DEP-VSL-
00003A/B/C).  
 

∑  (Equation 5) 
 

∑ 3  (Equation 2) 

 
dconc= Diameter of Concentrate Vessel = 12 ft 1 in (Assumption A-3.6) 

 

3
12	 1	

1
12

4
344	  

 
	 	1,774	 	– 344	 	 	1,430	  

 
Therefore, 
 

5,886
1,430

1 5.12 ≅ 5	 	2	 	 	 	 	 	 	  

 
A-5.3 Required Liner Height for Process Condensate Lag Storage Vessel Area, Room E-0106, 

Elevation 0 ft 

Scenario: Leakage and spillage of the single largest vessel in the area, one of the Process Condensate Lag 
Storage Vessels (DEP-VSL-00005A/B) and accumulation of rainfall (Assumption A-3.11).  No 
accumulation of fire water from automatic fire suppression system discharge (Assumption A-3.5). 
 
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 127,260	  (Assumption A-3.6) 
110%	 	 	 1.10 	111,761	 122,937	  (Assumption A-3.6) 

127,260	 122,937	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the Process Condensate Lag Storage Vessel Area is calculated 
using the following equation:  
 

	8  
 
Where 

	 	127,260	 	 	 	  (Assumption A-3.6) 
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127,260	 0.13368
	

≅ 17,012	 	1  

 

VR (ft3) = Volume of Rainfall = 
	

	
	(Equation 7) 

 
3,837	  (Assumption A-3.4) 

 

3,837	 1.56	 	
1
12

≅ 499	  

 

	 499	
1	

0.13368	
≅ 3733	 	 	1  

 
Therefore, 
 

17,012	 499	 17,511	  
 

	 127,260	 3,733	 130,993	  
 
The required liner height for the room is calculated using the following equation:  
 

HL (ft) = Required Liner Height =  + 1 ft (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are one of the Process Condensate Lag Storage Vessel (DEP-
VSL-00005A/B) and both of the Overhead Sampling Vessels (DEP-VSL-00004A/B). 
  

∑  (Equation 5) 
 

∑ 	 2   (Equation 2) 

 
dlag = Diameter of Lag Storage Vessel = 25 ft 1 in (Assumption A-3.6) 
 
doverhead = Diameter of Overhead Sampling Vessel = 14 ft 1 in (Assumption A-3.6) 

 

25 1	
1
12

4
2

14 1	
1
12

4

806	  
 

	 	3,837	 	– 	806	 	3,031	  
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Therefore, 
17,511
3,031

1 6.78	 ≅ 6	 	10	 	 	 	 	 	 	  

 
A-5.4 Required Liner Heights for the West (E-0103) and East (E-0102) Evaporator Process Areas, 

Elevation 0 ft 

Two scenarios are evaluated for West and East Evaporator Process Areas to determine the most 
conservative liner heights.  
 
A-5.4.1 Scenario One for West Evaporator Process Area (E-0103) 

Scenario: Leakage and spillage of the full volume of the single largest vessel with pump suction line in 
the area, Evaporator Feed Vessel (DEP-VSL-00002), into the West Evaporator Process Area as a result of 
an Evaporator Feed Pump suction line failure and accumulation of fire water from automatic fire 
suppression system discharge (Assumption A-3.5).  No accumulation from rainfall (Assumption A-3.11). 
  
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 42,300	  (Assumption A-3.6) 
110%	 	 	 1.10 	38,000	 41,800	  (Assumption A-3.6) 

42,300	 41,800	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the West Evaporator Process Area is calculated using the 
following equation: 
 

	8  
 
Where 
 

	 	42,300	 	 	 	 	 (Assumption A-3.6) 
 

42,300	 0.13368 ≅ 5,655	 	1  

 
1.1	 	6  

 
3,503	  (Assumption A-3.4) 

 
3,503	 0.17 / / 20	 1.1 13101.22  

13,101.22	 0.13368 ≅ 1,751	 	1  

 
Therefore, 
 

5,655 1,751 7,406	  
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42,300	 13,101.22	 ≅ 55,401	  
 
The required liner height for the room is calculated using the following equation:  
 

HL = Required Liner Height =  + 1 ft  (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are the Evaporator (DEP-EVAP-00001), the Evaporator 
Reboiler (DEP-RBLR-00001), and the Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-HX-
00001).  
 

∑  (Equation 5) 
 

 

79 24 7 110  (Assumption A-3.7) 
 
Anet = 3,503 ft2 – 110 ft2 = 3,393 ft2 

 
Therefore, 
 

7,406
3,393

1	 3.18 ≅ 3	 	3	 	 	 	 	 	 	  

 
A-5.4.2 Scenario One for East Evaporator Process Area (E-0102) 

Scenario: Leakage and spillage of the full volume of the single largest vessel with a pump suction line in 
the area, one of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B), into the East 
Evaporator Process Area as a result of a Process Condensate Lag Storage Vessel pump suction line failure 
and accumulation of fire water from automatic fire suppression system discharge (Assumption A-3.5).  
No accumulation from rainfall (Assumption A-3.11). 
 
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 127,260	  (Assumption A-3.6) 
110%	 	 	 1.10 	111,761	 122,937	  (Assumption A-3.6) 

127,260	 122,937	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the East Evaporator Process Area is calculated below: 
 

	8  
 
Where 
 

	 	127,260	 	 	 	  (Assumption A-3.6) 

127,260	 0.13368 ≅ 17,012	 	1  
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1.1	 	6  

 
5,859	  (Assumption A-3.4) 

 
5,859	 0.17 / / 20	 1.1 21,912.66	  

21,912.66	 0.13368	 ≅ 2,929	 	1  

 
Therefore, 
 

17,012	 2,929	 19,941	  
 

127,260	 21,912.66	 ≅ 149,173	  
 
The required liner height for the room is calculated using the following equation:  
 

HL = Required Liner Height = 	1	  (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are the Steam Condensate Water Blowdown Vessel (SCW-
VSL-00054), Reboiler Condensate Collection Vessel (DEP-VSL-00008), and Evaporator Condensers 
(DEP-COND-00001/2/3).  
 

∑  (Equation 5) 
 

	  

	13	ft 	 	13	ft 	 84	ft 16	ft 6	ft 132	ft  
       (Assumption A-3.7) 

 
Anet = 5,859 ft2 – 132 ft  = 5,727 ft2 

 
Therefore, 
 

19,941
5,727

1	 4.48	 ≅ 4	 	6	 	 	 	 	 	 	  

 
A-5.4.3 Scenario Two for West and East Evaporator Process Areas 

Scenario: The full volume of the single largest vessel with a pump suction in either Evaporator Process 
Areas, one of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B) normalizing between 
the combined process areas.  Additionally, fire water from automatic fire suppression system discharge is 
accumulated (Assumption A-3.5).  No accumulation of rainfall (Assumption A-3.11) 
 
The total accumulated liquid volume for the West and East evaporator process areas is calculated using 
the following equation: 
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	 	8  
 
Where 
 

	 	127,260	 	 	 	 (Assumption A-3.6) 
 

127,260	 0.13368	 ≅ 17,012	 	1  

 
1.1	 	6  

 
3,503	 5,859	 9,362  (Assumption A-3.4) 

 
9,362	 0.17	 / / 20	 1.1 35,013.88	  

 

35,013.88	 0.13368 ≅ 4,681 	1  

 
 
 
Therefore, 
 

17,012	 4,681	 21,693	  
 

127,260	 35,013.88	 ≅ 162,274	  
 

 
 
The required liner height for the room is calculated using the following equation:  
 

HL = Required Liner Height = 1  (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are the Evaporator Separator (DEP-EVAP-00001), 
Evaporator Reboiler (DEP-RBLR-00001), Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-
HX-00001), Steam Condensate Water Blowdown Vessel (SCW-VSL-00054), Reboiler Condensate 
Collection Vessel (DEP-VSL-00008), and Evaporator Condensers (DEP-COND-00001/2/3).  
 

∑ 	  (Equation 5) 
 

	 	  

	79 24 7 13ft 	 	13ft 	 84ft 16ft 6ft  
242	  (Assumption A-3.7) 
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Anet = 9,362 ft2 – 242 ft2 = 9120 ft2 
 

Therefore, 
21,693
9,120

1 3.38	 ≅ 3	 	5	 	 	 	 	 	 	  

 
The required liner height for this scenario is greater than the required liner height calculated in Scenario 1   
for the West Evaporator Process Area, but smaller than the required liner height calculated in Scenario 1 
for the East Evaporator Process Area.  Therefore, 3 ft 5 inches will be the required liner height for the 
West Evaporator Process Area and 4 ft 6 inches will be the required liner height for the East Evaporator 
Process Area. 
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A-5.5 Calculation Summary 

 

Calculation 
Section 
Number 

Elevation 
(ft) 

Containment Area 
Room Number 

Area of 
Room (ft2) 

Area of Non‐
Failed Vessels 

(ft2) 

Net Room 
Area (ft2) 

Total 
Volume of 
Largest 

Vessel (gal) 

Total 
Volume of 
Largest 

Vessel (ft3) 

Fire Water 
Volume (gal) 

Fire Water 
Volume (ft3) 

Rainfall 
Volume 
(gal) 

Rainfall 
Volume (ft3) 

Total 
Accumulated 
Liquid Volume 

(gal) 

Total 
Accumulated 
Liquid Volume 

(ft3) 

Required 
Liner Height 

(ft) 

A‐5.1  ‐39 
ED‐B001 (Low Point 
Drain Vessel Area) 

924  0  924  18,000  2,406  3,456  462 
Not Applicable. Rainfall is 
not accumulated in indoor 

areas. 
21,456  2,868  4 ft 2 in 

A‐5.2  0 
E‐0105 (Evaporator 
Feed Vessel Area) 

1,774  344  1,430  42,300  5,655 
Not Applicable. Fire water is 
not accumulated in outdoor 

areas. 
 

1,728  231  44,028  5,886  5 ft 2 in 

A‐5.3  0 

E‐0106 (Process 
Condensate Lag 
Storage Vessel 

Area) 

3,837  806  3,031  127,260  17,012  3,733  499  130,993  17,511  6 ft 10 in 

A‐5.4.1  0 
E‐0103 (West 

Evaporator Process 
Area) Scenario 1 

3,503  110  3,393  42,300  5,655  13,101  1,751 

Not Applicable. Rainfall is 
not accumulated in indoor 

areas. 
 

55,401  7,406  3 ft 3 in 

A‐5.4.2  0 
E‐0102 (East 

Evaporator Process 
Area) Scenario 1 

5,859  132  5,727  127,260  17,012  21,913  2,929  149,173  19,941  4 ft 6 in 

A‐5.4.3  0 

E‐0102/E‐0103 
(West & East 

Evaporator Process 
Area) Scenario 2 

9,362  242  9,120  127,260  17,012  35,014  4,681  162,274  21,693  3 ft 5 in 
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Notice 

Please note that source, special nuclear, and byproduct materials, as defined in the Atomic Energy Act of 
1954 (AEA), are regulated at the US Department of Energy (DOE) facilities exclusively by DOE acting 
pursuant to its AEA authority.  DOE asserts, that pursuant to the AEA, it has sole and exclusive 
responsibility and authority to regulate source, special nuclear, and byproduct materials at DOE-owned 
nuclear facilities.  Information contained herein on radionuclides is provided for process description 
purposes only. 
  



 
24590-BOF-PER-M-16-003, Rev 0 

Dangerous Waste Permit (DWP) Liner Heights in the 
Effluent Management Facility (EMF) 

Issued for Permitting Use 
 

 
Page iv 

24590-PADC-F00041 Rev 6 (1/22/2009) 
 

History Sheet 

 

Rev Reason for revision Revised by 
0 Issued for Permitting Use. E. Tsai 

   

  



 
24590-BOF-PER-M-16-003, Rev 0 

Dangerous Waste Permit (DWP) Liner Heights in the 
Effluent Management Facility (EMF) 

Issued for Permitting Use 
 

 
Page v 

24590-PADC-F00041 Rev 6 (1/22/2009) 
 

Contents 
Notice ............................................................................................................................................. iii 

History Sheet ................................................................................................................................ iv 

Acronyms ...................................................................................................................................... vi 

1 Summary ................................................................................................................................1 

2 Introduction ...........................................................................................................................1 

3 Applicable Documents ...........................................................................................................1 

4 Description .............................................................................................................................2 

 

 
 

Appendices 
Appendix A Calculation of Accumulated Liquid Volumes and Liner Heights .................... A-i 
 
 
 



 
24590-BOF-PER-M-16-003, Rev 0 

Dangerous Waste Permit (DWP) Liner Heights in the 
Effluent Management Facility (EMF) 

Issued for Permitting Use 
 

 
Page vi 

24590-PADC-F00041 Rev 6 (1/22/2009) 
 

Acronyms 

AEA   Atomic Energy Act of 1954 
DOE   Department of Energy 
DWP   Dangerous Waste Permit 
EMF   Effluent Management Facility 
WAC   Washington Administrative Code 



 
24590-BOF-PER-M-16-003, Rev 0 

Dangerous Waste Permit (DWP) Liner Heights in the 
Effluent Management Facility (EMF) 

Issued for Permitting Use 
 

 
Page 1 

24590-PADC-F00041 Rev 6 (1/22/2009) 
 

1 Summary 

The required and design liner heights for each room in the EMF containing dangerous waste are listed 
below.  The liner heights are from the high point of the sloped floor.  
 

Area Room Required Height Design Height  
Low Point Drain Vessel Area ED-B001 4 ft 2 inches 5 ft 
Evaporator Feed Vessel Area E-0105 5 ft 2 inches 7 ft 6 inches 

Process Condensate Lag Storage Vessel Area E-0106 6 ft 10 inches 8 ft 4 inches 
West Evaporator Process Area E-0103 3 ft 5 inches 4 ft 6 inches 
East Evaporator Process Area E-0102 4 ft 6 inches 5 ft 10 inches 

 
The liner heights were calculated by taking the total accumulated liquid volume, including the total 
volume of a single largest vessel in the room and rainfall or fire water, as applicable, dividing that by the 
net room area and adding a foot to account for the volume of miscellaneous equipment and components 
that may be within the containment area.  For each area, it was determined whether a leak from another 
area could spill into the specified area.  If a potential for leaking from another area existed, the most 
bounding scenario was used to determine the liner height.  
 
Design heights were taken from the Architectural Room Finish Schedule (Ref. A-6.5). 

2 Introduction 

The regulatory codes for the secondary containment areas are contained in the Washington 
Administrative Code, WAC 173-303-640(4)(e)(i).  The regulatory requirement states that external liner 
systems must be:  
 

“(A) Designed or operated to contain one hundred percent capacity of the largest tank within its 
boundary; 
(B) Designed or operated to prevent run-on or infiltration of precipitation into the secondary 
containment system unless the collection system has sufficient excess capacity to contain run-on 
or infiltration. Such additional capacity must be sufficient to contain precipitation from a twenty-
five year, twenty-four hour rainfall event…”   [WAC 173-303-640(4)(e)(i)] (Applicable 
Documents 3.1) 

 
The calculated liner heights for indoor areas must also be able to contain the volume from 20 minutes of 
fire suppression water as required by the Basis of Design (Ref. A-6.2) in addition to the volume of the 
dangerous waste.  This report assesses the liner heights required to contain dangerous waste, rainfall, and 
fire water in the Effluent Management Facility (EMF).     

3 Applicable Documents 

 Washington Administrative Code, December 18, 2014, Title 173 Chapter 303 Section 640 

 NFPA 13, Standard for Installation of Sprinkler Systems, 1999 
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4 Description  

There are five areas in the EMF that are considered dangerous waste permit affecting.  The five areas are 
the Low Point Drain Vessel Area, Evaporator Feed Vessel Area, Process Condensate Lag Storage Vessel 
Area, West Evaporator Process Area, and East Evaporator Process Area.  Vessel and pump suction line 
failures are evaluated for each area to determine the required liner height that will contain the total 
accumulated liquid volume of dangerous waste and rainfall or fire water, as applicable.   
 
For indoor areas, it is assumed (Assumption A-3.5 and A-3.11) that the area will contain automatic 
sprinklers and there will be no accumulation from precipitation.  Therefore, the liner must be sized to 
contain:  

 The larger of 110% of volume up to the overflow line of the largest vessel (i.e. maximum 
operating volume), used as a conservative criteria per Basis of Design requirement 11.3.5.1 (Ref. 
A-6.2), or 100% of the capacity of the largest vessel/tank within the secondary containment 
boundary per WAC 173-303-640[4][e][i][A] (Applicable Documents 3.1) and  

 Accumulation of 20 minutes of fire water from automatic sprinkler discharge in accordance with 
Basis of Design requirement 14.10.1.2.1 (Ref. A-6.2) with 10% added overage to account for 
hydraulic overages (Assumption A-3.10) 

 
For outdoor areas, it is assumed (Assumption A-3.5 and A-3.11) that the area will not contain automatic 
sprinklers and there will be accumulation from precipitation.  Therefore, the liner must be sized to 
contain:  

 The larger of 110% of volume up to the overflow of the largest vessel (i.e. maximum operating 
volume), used as a conservative criteria per Basis of Design requirement 11.3.5.1 (Ref. A-6.2), or 
100% of the capacity of the largest vessel/tank within the secondary containment boundary per 
WAC 173-303-640[4][e][i][A] (Applicable Documents 3.1) and 

 Precipitation from a twenty-five-year, twenty-four-hour rainfall event per WAC 173-303-
640[4][e][i][B] (Applicable Documents 3.1)  

 
 Low Point Drain Vessel Area (ED-B001) 

Room ED-B001, the Low Point Drain Vessel Area, is an area located below grade in the Law Effluent 
Drain Tank Building at the (-) 39 ft. elevation.  It contains one vessel, the Low Point Drain Vessel (DEP-
VSL-00001).   
 
In the event of a vessel failure, leakage and spillage could occur.  Since the room is indoors, it could also 
accumulate fire water from the automatic sprinkler system in the event of a fire.  
 
The Low Point Drain Vessel Area is not adjacent to other areas containing pumps and vessels; therefore, 
spillage and leakage from another areas is not of concern and a scenario assuming discharge of the total 
volume of liquid contained in the Low Point Drain Vessel (DEP-VSL-00001) and 20 minutes of fire 
water is evaluated as the most conservative scenario.   
 
The total Low Point Drain Vessel volume of 18,000 gal (2,406 ft3) is greater than 110% of the maximum 
operating volume (15,180 gal); therefore, 18,000 gal (2,406 ft3) is used as the controlling vessel volume in 
this scenario.  462 ft3 of fire water (20 minutes of sprinkler discharge with a 10% margin for overage) is 
added to the total vessel volume to determine the total accumulated liquid volume.  The total accumulated 
liquid volume that must be contained by the liner in the room = 2,406 ft3 + 462 ft3 = 2,868 ft3. 
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The room slopes to a single sump (DEP-SUMP-00001).  To simplify the calculation, the available room 
volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 
 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 2,868 ft3 divided by the net room area (924 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 4.10 
ft = 4 ft 2 in (rounded to the next inch).   
 
The design liner height is 5 ft (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The detailed 
calculation for the required liner height is provided in Appendix A. 
 

 Evaporator Feed Vessel Area (Room E-0105) 

Room E-0105, Evaporator Feed Vessel Area, is an area located in the northwest side of EMF at the 0 ft. 
elevation.  It contains the following four vessels:  
 

 Evaporator Feed Vessel DEP-VSL-00002 
 Evaporator Concentrate Vessel DEP-VSL-00003A 
 Evaporator Concentrate Vessel DEP-VSL-00003B 
 Evaporator Concentrate Vessel DEP-VSL-00003C 

 
In the event of a vessel failure, leakage and spillage could occur.  Since the room is outdoors, it could also 
accumulate rainfall.  
 
The wall shared between the Evaporator Feed Vessel Area and the Process Condensate Lag Storage 
Vessel Area does not contain any penetrations; therefore, there is no potential for accumulated liquid in 
the Process Condensate Lag Storage Vessel Area to leak into the Evaporator Feed Vessel Area.  The 
penetrations into the building are welded; therefore, no accumulated liquid from within the building will 
have the potential of leaking outdoors. To calculate the required height of the liner in this area, a scenario 
assuming discharge of the total volume of liquid from the single largest vessel in the room, the Evaporator 
Feed Vessel (DEP-VSL-00002), and accumulation of rainfall is evaluated as the most conservative 
scenario. 
 
The total Evaporator Feed Vessel volume of 42,300 gal (5,655 ft3) is greater than 110% of the maximum 
operating volume (41,800 gal); therefore, 42,300 gal (5,655 ft3) is used as the controlling volume.  1.56 
inches of rainfall, which equates to 231 ft3 of rainfall for the cross-sectional area (1,774 ft2) of the room is 
added to the vessel volume to determine the total accumulated liquid volume.  The total accumulated 
liquid volume that must be contained by the liner in the room = 5,655 ft3 + 231 ft3 = 5,886 ft3. 
 
The room slopes down to two sumps (DEP-SUMP-00004A/B).  To simplify the calculation, the available 
room volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 
 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 5,886 ft3 divided by the net room area (1,430 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
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plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 5.12 
ft = 5 ft 2 in (rounded to the next inch). 
 
The design liner height is 7 ft 6 in (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The 
detailed calculation for the required liner height is provided in Appendix A. 
 

 Process Condensate Lag Storage Vessel Area (E-0106) 

Room E-0106, Process Condensate Lag Storage Area, is an area located in the north side of EMF at the 0 
ft. elevation.  It contains the following four vessels: 
 

 Overhead Sampling Vessel DEP-VSL-00004A 
 Overhead Sampling Vessel DEP-VSL-00004B 
 Process Condensate Lag Storage Vessel DEP-VSL-00005A 
 Process Condensate Lag Storage Vessel DEP-VSL-00005B 

 
In the event of a vessel failure, leakage and spillage could occur.  Since the room is outdoors, it could also 
accumulate rainfall.  
 
The wall shared between the Process Condensate Lag Storage Vessel Area and the Evaporator Feed 
Vessel Area does not contain any penetrations; therefore, there is no potential for accumulated liquid in 
the Evaporator Feed Vessel Area to leak into the Process Condensate Lag Storage Vessel Area.  The 
penetrations into the building are welded; therefore, no accumulated liquid from within the building will 
have the potential of leaking outdoors. To calculate the required height of the liner in this area, a scenario 
assuming discharge of the total volume of liquid from the single largest vessel in the room, one of the 
Process Condensate Lag Storage Vessels (DEP-VSL-00005A or DEP-VSL-00005B), and accumulation 
of rainfall is evaluated as the most conservative scenario.   
 
The total Process Condensate Lag Storage Vessel volume of 127,260 gal (17,012 ft3) is greater than 110% 
of the maximum operating volume (122,937 gal); therefore, 127,260 gal (17,012 ft3) is the controlling 
volume. 1.56 inches of rainfall, which equates to 499 ft3 of rainfall for the cross-sectional floor area 
(3,837 ft2) of the room is added to the vessel volume to determine the total accumulated liquid volume.  
The total accumulated liquid volume that must be contained by the liner in the room = 17,012 ft3 + 499 ft3 
= 17,511 ft3. 
 
The room slopes down to two sumps (DEP-SUMP-00005A/B).  To simplify the calculation, the available 
room volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 
 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 17,511 ft3 divided by the net room area (3,031 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 6.77 
ft = 6 ft 10 in (rounded to the next inch).   
 
The design liner height is 8 ft 4 in (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The 
detailed calculation for the required liner height is provided in Appendix A. 
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 West (E-0103) and East (E-0102) Evaporator Process Areas 

Room E-0103, West Evaporator Process Area, is an area located in the southwest side of EMF at 0 ft. 
elevation.  The room contains the discharge pumps (DEP-PMP-00002A/B and DEP-PMP-00012A/B/C) 
from the Evaporator Feed Vessel (DEP-VSL-00002) and discharge pumps (DEP-PMP-00003A/B) from 
the Evaporator Concentrate Vessels (DEP-VSL-00003A/B/C).  The room also contains miscellaneous 
vessels such as the Evaporator Separator (DEP-EVAP-00001), the Evaporator Reboiler (DEP-RBLR-
00001), and the Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-HX-00001). 
 
Room E-0102, East Evaporator Process Area, is an area located in the southeast side of EMF at 0 ft. 
elevation.  The room contains the discharge pumps (DEP-PMP-00004A/B/C) of the Overhead Sampling 
Vessels (DEP-VSL-00004A/B) and discharge pumps (DEP-PMP-000015A/B/C and DEP-PMP-
00005A/B) of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B).  The room also 
contains miscellaneous vessels such as the three Evaporator Condensers (DEP-COND-00001/2/3), 
Reboiler Condensate Collection Vessel (DEP-VSL-00008), and the Steam Condensate Water Blowdown 
Vessel (SCW-VSL-00054).  
  
In the event that a pump suction line fails, the entire volume of the connected vessel could discharge into 
the room.  Since the rooms are indoor, they could also accumulate fire water from the automatic sprinkler 
system.  The door between the two process areas cannot be credited as a seal; therefore, accumulated 
liquid in one area can leak into the other.  In order to determine the appropriate liner height, two scenarios 
for each area are considered. 
 
4.4.1 Scenario One for West Evaporator Process Area (E-0103) 

The first scenario to be evaluated for the West Evaporator Process Area is the ability to contain the total 
volume of the single largest vessel connected to the pumps housed in the area and accumulation of fire 
water.  Since the West Evaporator Process Area houses the discharge pumps for the Evaporator Feed and 
Evaporator Concentrate Vessels, the single largest vessel connected to the pumps in the area is the 
Evaporator Feed Vessel (DEP-VSL-00002). 
 
Per Section 4.2, the controlling volume for the Evaporator Feed Vessel is 42,300 gal (5,655 ft3).  1,751 ft3 
of fire water (20 minutes of sprinkler discharge with a 10% margin for overage) is added to the vessel 
volume to determine the total accumulated liquid volume.  The total accumulated liquid volume that must 
be contained by the liner in the room = 5,655 ft3 + 1,751 ft3 = 7,406 ft3. 

 
The room slopes down to two sumps (DEP-SUMP-00002A/B).  To simplify the calculation, the available 
room volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 

 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 7,406 ft3 divided by the net room area (3,393 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 3.18 
ft = 3 ft 3 in (rounded to the next inch).   
 
The design liner height is 4 ft 6 in (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The 
detailed calculation for the required liner height is provided in Appendix A. 
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4.4.2 Scenario One for East Evaporator Process Area (E-0102) 

The first scenario to be evaluated for the East Evaporator Process Area is the ability to contain the total 
volume of the single largest vessel connected to the pumps housed in the area and accumulation of fire 
water.  Since the East Evaporator Process Area houses the discharge pumps for the Overhead Sampling 
and Process Condensate Lag Storage Vessels, the single largest vessel connected to the pumps in the area 
is one of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B). 
 
Per Section 4.3, the controlling volume for the Process Condensate Lag Storage Vessel is 127,260 gal 
(17,012 ft3).  2,929 ft3 of fire water (20 minutes of sprinkler discharge with a 10% margin for overage) is 
added to the vessel volume to determine the total accumulated liquid volume.  The total accumulated 
liquid volume that must be contained by the liner in the room = 17,012 ft3 + 2,929 ft3 = 19,941 ft3. 
 
The room slopes down to two sumps (DEP-SUMP-00003A/B).  To simplify the calculation, the available 
room volume below the high point of the sloped floor is omitted.  This approach is conservative because 
assuming the floor to be flat and neglecting the sloped area leads to a taller liner height. 
 
The liner height is measured from the high point of the sloped floor.  The required liner height above the 
high point is equal to the total volume of 19,941 ft3 divided by the net room area (5,727 ft2) of the room, 
which is the cross-sectional area of the room minus the footprints of non-failed vessels within the room, 
plus 1 ft to account for miscellaneous equipment and components within the area, which is equal to 4.48 
ft = 4 ft 6 in (rounded to the next inch).   
 
The design liner height is 5 ft 10 in (Ref. A-6.5), therefore the liner is sufficient for the scenario.  The 
detailed calculation for the required liner height is provided in Appendix A. 
 
4.4.3 Scenario Two for West and East Evaporator Process Areas 

The second scenario to be evaluated for both Evaporator Process Areas is to consider the ability to 
contain the total normalized accumulated liquid in both areas.  This scenario considers the pump suction 
line for the single largest vessel associated with pumps in either process area to fail, therefore, the total 
accumulated liquid would contain the total vessel volume of a single Process Condensate Lag Storage 
Vessel (DEP-VSL-00005A/B) and the accumulation of fire water across both areas.  
 
Per Section 4.3, the controlling volume for Process Condensate Lag Storage Vessel is 127,260 gal 
(17,012 ft3).  4,681 ft3 of fire water (20 minutes of sprinkler discharge with a 10% margin for overage) is 
added to the vessel volume to determine the total accumulated liquid volume.  The total accumulated 
liquid volume that must be contained by the liner in the West and East Evaporator Process Areas = 17,012 
ft3 + 4,681 ft3 = 21,693 ft3. 
 
The liner height is measured from the high point of the sloped floor, which is conservative because 
neglecting the volume under the sloped area leads to a taller liner height.  The required liner height above 
the high point is equal to the total volume of 21,693 ft3 divided by the net room area (9,120 ft2) of the 
room, which is the cross-sectional area of both process areas minus the footprints of non-failed vessels in 
both areas, plus 1 ft to account for miscellaneous equipment and components within the area, which is 
equal to 3.38 ft = 3 ft 5 in (rounded to the next inch).  The detailed calculation for the required liner 
height is provided in Appendix A.  
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Based on evaluation of the two scenarios for both Evaporator Process Areas, the required liner height 
determined in scenario two (Section 4.4.3) is greater than the required liner height determined in scenario 
one (Section 4.4.1) for the West Evaporator Process Area, but smaller than the required liner height 
determined in scenario one (Section 4.4.2) for the East Evaporator Process Area.  Therefore, 3 ft 5 inches 
will be the required liner height for the West Evaporator Process Area and 4 ft 6 inches will be the 
required liner height for the East Evaporator Process Area.  The design liner height for West and East 
Evaporator Process Areas are 4 ft 6 inches and 5 ft 10 inches (Ref. A-6.5), respectively, therefore, the 
liner heights are sufficient. 
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Appendix A 
Calculation of Accumulated Liquid Volumes and Liner 
Heights 
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Appendix A: Calculation of Accumulated Liquid Volumes 
and Required Liner Heights 

A-1 Purpose 

The purpose of this calculation is to size the required liner heights for the dangerous waste containment 
areas of the Effluent Management Facility at elevation -39 ft and elevation 0 ft.  The Low Point Drain 
Vessel Area is at the -39 ft elevation and the Evaporator Feed Vessel Area, Process Condensate Lag 
Storage Vessel Area, West Evaporator Process Area, and East Evaporator Process Area are located at the 
0 ft elevation as shown on the Effluent Management Facility General Arrangement Drawing (Ref. A-6.1).  

A-2 Criteria and Design Inputs 

A-2.1 Secondary containment for indoor storage areas shall be designed to contain a spill from the 
largest vessel plus the design flow volume of fire-protection water calculated to discharge from 
the fire-extinguishing system over the area of the room for a period of 20 minutes (Ref. A-6.2 Sec. 
14.10.1.2.1). 

A-2.2 Secondary containment external liners shall be designed to contain one hundred percent of the 
capacity of the largest tank within its boundary as well as precipitation from a twenty-five year, 
twenty-four hour rainfall event (Applicable Documents 3.1 WAC 173-303-640[4][e][i][A], WAC 
173-303-640[4][e][i][B], and Ref. A-6.2 Sec. 14.10.1.2.1). 

A-2.3 The twenty-five-year, twenty-four-hour rainfall event for the Hanford Site is 1.56 inches (Ref. A-
6.4 Table 61). 

A-2.4 The liners are designed to contain one hundred percent of the largest tank within its boundary, or 
one hundred ten percent of the volume up to the overflow (i.e., maximum operating volume) of 
the largest tank within its boundary (Applicable Documents 3.1 WAC 173-303-640[4][e][i][B] 
and Reference A-6.2 Section 11.3.5.1).  

A-3 Assumptions 

A-3.1 To evaluate the worst case scenario, the volume of the vessel is assumed to leak completely onto 
the floor until it reaches equilibrium with the surrounding liquid level. 

A-3.2 The calculation for net room area assumes that the area beneath non-failed vessels or tanks do not 
contain any spilled liquids. 

A-3.3 In a fire event, it is assumed that the fire water will remain in the containment area with no credit 
given to the operation of area sump pump(s).  
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A-3.4 Room dimensions used in calculating area and volumes are assumed to be the following: 

Room Area Dimensions (Ref. A-6.3) 
Length Width Area (ft2) 

ED-B001 Low Point Drain Vessel Area 28’ 33’ 924 
E-0105 Evaporator Feed Vessel Area 45’6” 39’ 1,774 
E-0106 Process Condensate Lag Storage Vessel 

Area 
45’6” 84’4” 3,837 

E-0103 West Evaporator Process Area 62’ 56’6” 3,503 
E-0102 East Evaporator Process Area 62’ 94’6” 5,859 

 
A-3.5 All inside areas are assumed to have a fire sprinkler system.  All outside areas are assumed not to 

have a fire sprinkler system.   

A-3.6 The following vessels are contained within each listed room as shown on the general arrangement 
drawing (Ref. A-6.1) and assumed to have the diameters and volumes below (Ref. A-6.3): 

Room Vessel Elevation Vessel 
Diameter 

Total Vessel 
Volume (gal) 

Maximum 
Operating 

Volume (gal) 
ED-B001 Low Point Drain 

Vessel 
(DEP-VSL-00001) 

- 39 ft 14 ft 1 in 18,000 13,800 

E-0105 Evaporator Feed 
Vessel 

(DEP-VSL-00002) 

0 ft 14 ft 1 in 42,300 38,000 

Evaporator 
Concentrate Vessels 

(DEP-VSL-
00003A/B/C) 

0 ft 12 ft 1 in 14,805 11,703 

E-0106 Overhead Sampling 
Vessels 

(DEP-VSL-
00004A/B) 

0 ft 14 ft 1in 40,800 36,600 

Process Condensate 
Lag Storage Vessels 

(DEP-VSL-
00005A/B) 

0 ft 25 ft 1 in 127,260 111,761 

 
A-3.7 Miscellaneous vessels in the West and East Evaporator Process Areas are assumed to have the 

following dimensions and footprints (Ref. A-6.3): 

Room Equipment Dimensions Footprint 
E-0103 DEP-EVAP-00001 10’ D x 23’ H 79 ft2 
E-0103 DEP-RBLR-00001 6’ L x 4’ W x 14’ H 24 ft2

E-0103 DEP-HX-00001 2’6” L x 2’6” W 6’8” H 7 ft2

E-0102 SCW-VSL-00054 4’ D x 9’ H 13 ft2

E-0102 DEP-VSL-00008 4’ D x 3’ T-T 13 ft2 



 
24590-BOF-PER-M-16-003, Rev 0 

Dangerous Waste Permit (DWP) Liner Heights in the 
Effluent Management Facility (EMF) 

Issued for Permitting Use 
 

 
Page A-3 

24590-PADC-F00041 Rev 6 (1/22/2009) 

E-0102 DEP-COND-00001 21’ L x 4’ W x 10’ H 84 ft2

E-0102 DEP-COND-00002 8’ L x 2’ W x 2’ H 16 ft2

E-0102 DEP-COND-00003 6’ L x 1’ W x 2’ H 6 ft2

 
A-3.8 The Evaporator Separator (DEP-EVAP-00001), Evaporator Condensers (DEP-COND-00001/2/3), 

Evaporator Reboiler (DEP-RBLR-00001), Reboiler Condensate Collection Vessel (DEP-VSL-
00008), Steam Condensate Water Blowdown Vessel (SCW-VSL-00054), and the Evaporator 
Concentrate/Feed LAW Effluent Cooler (DEP-HX-00001) are not considered in determining the 
single largest vessel in each area because their capacities are expected to be significantly smaller 
than the process vessel volumes that are considered.  

A-3.9 One (1) ft is added to the secondary containment height to account for the volume of 
miscellaneous equipment and components that may be within the containment area.  The volume 
of miscellaneous equipment and components is not expected to challenge the volume from one 
foot of height in the containment area.   

A-3.10 An automatic sprinkler system design density is assumed to be 0.17 gpm/ft2 with 10 percent 
added to account for hydraulic overages (Applicable Documents 3.2 and Ref. A-6.6). 

A-3.11  Precipitation will only accumulate in the outdoor areas.  

A-4 Methodology 

To determine the required liner height for the worst case scenario in each containment area, the vessels 
are considered to be completely filled and sitting on the floor and the largest vessel is expected to leak 
completely into the room.  In addition, for the Evaporator Process Areas, it is also assumed that the leak 
has the capability of spilling between areas and normalizing within the combined area because 
doors/walls in the area cannot be credited as seals.  Therefore, each containment area must be evaluated 
for the leaking of the total volume of the largest vessel in the area or 110% of the maximum operating 
volume, whichever is larger, as well as leaking from adjacent areas and rainfall or fire water, as 
applicable. 
 
A-4.1 Conversion 

Volume (ft3) = 	 0.13368       (Equation 1) 

 
A-4.2 Vessel 

Avessel (ft2) = Vessel Footprint Area =       (Equation 2) 

 
Where   3.14 

d (ft) = Vessel Diameter 
 
A-4.3 Room Dimensions and Equations 

Aroom (ft2) = Area of a Rectangular Room = L x W     (Equation 3) 
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Vroom (ft3) = Volume of a Rectangular Room = L x W x H    (Equation 4) 
 
Where  L (ft) = Length of room 

W (ft) = Width of room 
H (ft) = Height of room 

  	
	 	 	 ∑    (Equation 5) 

 
A-4.4 Fire Water Discharge Volume for Automatic Fire Suppression Systems 

VF (ft3) = Volume of Fire Water = 1.1    (Equation 6) 
 
Where Aroom (ft2) = Area of a Rectangular Room 
 ρsprinkler gal/min/ft = Sprinkler Discharge Density (0.17 gal/min/ft2) (Assumption A-3.10) 
 T (min) = Sprinkler Discharge Time (20 minutes)    (Input A-2.1) 

1.1 = 10% Margin for Hydraulic Overages    (Assumption A-3.10) 
 

A-4.5 Rainfall Volume 

VR (ft3) = Volume of Rainfall = 
	

	
     (Equation 7) 

 
Where Aroom (ft2) = Area of a Rectangular Room 

Hr (in) = Height of Rainfall from a Twenty-Five-Year, Twenty-Four-Hour Rainfall Event  
= 1.56 inches (Input A-2.3) 

 
A-4.6 Accumulated Liquid Volume and Required Liner Height 

VT = Total Accumulated Liquid Volume  
      = VV + (VF or VR), whichever is applicable      (Equation 8) 
 
Where VV = 100% Total Vessel Volume or 110% of the Maximum Operating Volume, whichever is  
            larger 
 VF = Volume of Fire Water 

VR = Volume of Rainfall 
 

HL (ft) = Required Liner Height =  +1 ft      (Equation 9) 

 
Where VT (ft3) = Total Accumulated Liquid Volume 
 Anet (ft2) = Net Room Area 
 1 ft = Volume of Miscellaneous Equipment and Components  (Assumption A-3.9) 
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A-5 Calculations 

A-5.1 Required Liner Height for Low Point Drain Vessel Area, Room ED-B001, Elevation -39 ft 

Scenario: Failure of the Low Point Drain Vessel (DEP-VSL-00001) and accumulation of fire water from 
automatic fire suppression system discharge (Assumption A-3.5). No rainfall will accumulate (A-3.11) 
 
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 18,000	  (Assumption A-3.6) 
110%	 	 	 1.10 	13,800	 15,180	  (Assumption A-3.6) 

18,000	 15,180	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the Low Point Drain Vessel Area is calculated using the 
following equation: 

	8  
 
Where 

	 	18,000	 	 	 	 (Assumption A-3.6) 

18,000	 0.13368	 ≅ 2,406	 	1  

 
1.1	 	6   

 
924	  (Assumption A-3.4) 

 

	 924	 0.17	 / / 20	 1.1 3,455.76	  

3,455.76	 0.13368
	

≅ 462	 	1  

 
Therefore, 
 

2,406 462 2,868  
 

18,000	 3455.76	 ≅ 21,456	  
 
The required liner height for the room is calculated using the following equation:  

HL = Required Liner Height = 1	  (Equation 9) 

The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  There are no other vessels in the Low Point Drain Vessel Area. 
 

∑  (Equation 5) 
 
∑ 0	 	(Equation 2) 
 
Anet = 924 ft2 – 0 ft2 = 924 ft2 
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Therefore, 
 

2,868
924

1	 4.10 ≅ 4	 	2	 	 	 	 	 	 	  

 
A-5.2 Required Liner Height for Evaporator Feed Vessel Area, Room E-0105, Elevation 0 ft 

Scenario: Leakage and spillage of the single largest vessel in area, Evaporator Feed Vessel (DEP-VSL-
00002) (Assumption A-3.6) and accumulation of rainfall (Assumption A-3.11). No accumulation of fire 
water from automatic fire suppression system discharge (Assumption A-3.5).  
 
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 42,300	  (Assumption A-3.6) 
110%	 	 	 1.10 	38,000	 41,800	  (Assumption A-3.6) 

42,300	 41,800	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the Evaporator Feed Vessel area is calculated using the 
following equation: 
 

	8  
 
 
Where 

	 	42,300	 	 	 	  (Assumption A-3.6) 
 

42,300 0.13368 ≅ 5,655	 	1  

 

VR = Volume of Rainfall = 
	

	
	(Equation 7) 

 
1,774	  (Assumption A-3.4) 

 

1,774	 1.56	 	
1
12

≅ 231	  

 

	 231	
1	

0.13368	
≅ 1,728	 	 	1  

 
Therefore, 
 

5,655	 231	 5,886	  
 

	 42,300	 1,728	 44,028	  
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The required liner height for the room is calculated using the following equation:  
 

HL = Required Liner Height = 1	  (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are all three Evaporator Concentrate Vessels (DEP-VSL-
00003A/B/C).  
 

∑  (Equation 5) 
 

∑ 3  (Equation 2) 

 
dconc= Diameter of Concentrate Vessel = 12 ft 1 in (Assumption A-3.6) 

 

3
12	 1	

1
12

4
344	  

 
	 	1,774	 	– 344	 	 	1,430	  

 
Therefore, 
 

5,886
1,430

1 5.12 ≅ 5	 	2	 	 	 	 	 	 	  

 
A-5.3 Required Liner Height for Process Condensate Lag Storage Vessel Area, Room E-0106, 

Elevation 0 ft 

Scenario: Leakage and spillage of the single largest vessel in the area, one of the Process Condensate Lag 
Storage Vessels (DEP-VSL-00005A/B) and accumulation of rainfall (Assumption A-3.11).  No 
accumulation of fire water from automatic fire suppression system discharge (Assumption A-3.5). 
 
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 127,260	  (Assumption A-3.6) 
110%	 	 	 1.10 	111,761	 122,937	  (Assumption A-3.6) 

127,260	 122,937	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the Process Condensate Lag Storage Vessel Area is calculated 
using the following equation:  
 

	8  
 
Where 

	 	127,260	 	 	 	  (Assumption A-3.6) 
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127,260	 0.13368
	

≅ 17,012	 	1  

 

VR (ft3) = Volume of Rainfall = 
	

	
	(Equation 7) 

 
3,837	  (Assumption A-3.4) 

 

3,837	 1.56	 	
1
12

≅ 499	  

 

	 499	
1	

0.13368	
≅ 3733	 	 	1  

 
Therefore, 
 

17,012	 499	 17,511	  
 

	 127,260	 3,733	 130,993	  
 
The required liner height for the room is calculated using the following equation:  
 

HL (ft) = Required Liner Height =  + 1 ft (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are one of the Process Condensate Lag Storage Vessel (DEP-
VSL-00005A/B) and both of the Overhead Sampling Vessels (DEP-VSL-00004A/B). 
  

∑  (Equation 5) 
 

∑ 	 2   (Equation 2) 

 
dlag = Diameter of Lag Storage Vessel = 25 ft 1 in (Assumption A-3.6) 
 
doverhead = Diameter of Overhead Sampling Vessel = 14 ft 1 in (Assumption A-3.6) 

 

25 1	
1
12

4
2

14 1	
1
12

4

806	  
 

	 	3,837	 	– 	806	 	3,031	  
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Therefore, 
17,511
3,031

1 6.78	 ≅ 6	 	10	 	 	 	 	 	 	  

 
A-5.4 Required Liner Heights for the West (E-0103) and East (E-0102) Evaporator Process Areas, 

Elevation 0 ft 

Two scenarios are evaluated for West and East Evaporator Process Areas to determine the most 
conservative liner heights.  
 
A-5.4.1 Scenario One for West Evaporator Process Area (E-0103) 

Scenario: Leakage and spillage of the full volume of the single largest vessel with pump suction line in 
the area, Evaporator Feed Vessel (DEP-VSL-00002), into the West Evaporator Process Area as a result of 
an Evaporator Feed Pump suction line failure and accumulation of fire water from automatic fire 
suppression system discharge (Assumption A-3.5).  No accumulation from rainfall (Assumption A-3.11). 
  
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 42,300	  (Assumption A-3.6) 
110%	 	 	 1.10 	38,000	 41,800	  (Assumption A-3.6) 

42,300	 41,800	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the West Evaporator Process Area is calculated using the 
following equation: 
 

	8  
 
Where 
 

	 	42,300	 	 	 	 	 (Assumption A-3.6) 
 

42,300	 0.13368 ≅ 5,655	 	1  

 
1.1	 	6  

 
3,503	  (Assumption A-3.4) 

 
3,503	 0.17 / / 20	 1.1 13101.22  

13,101.22	 0.13368 ≅ 1,751	 	1  

 
Therefore, 
 

5,655 1,751 7,406	  
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42,300	 13,101.22	 ≅ 55,401	  
 
The required liner height for the room is calculated using the following equation:  
 

HL = Required Liner Height =  + 1 ft  (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are the Evaporator (DEP-EVAP-00001), the Evaporator 
Reboiler (DEP-RBLR-00001), and the Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-HX-
00001).  
 

∑  (Equation 5) 
 

 

79 24 7 110  (Assumption A-3.7) 
 
Anet = 3,503 ft2 – 110 ft2 = 3,393 ft2 

 
Therefore, 
 

7,406
3,393

1	 3.18 ≅ 3	 	3	 	 	 	 	 	 	  

 
A-5.4.2 Scenario One for East Evaporator Process Area (E-0102) 

Scenario: Leakage and spillage of the full volume of the single largest vessel with a pump suction line in 
the area, one of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B), into the East 
Evaporator Process Area as a result of a Process Condensate Lag Storage Vessel pump suction line failure 
and accumulation of fire water from automatic fire suppression system discharge (Assumption A-3.5).  
No accumulation from rainfall (Assumption A-3.11). 
 
The total vessel volume is compared to 110% of the maximum operating volume of the vessel to 
determine the controlling volume:  
 

	 	 127,260	  (Assumption A-3.6) 
110%	 	 	 1.10 	111,761	 122,937	  (Assumption A-3.6) 

127,260	 122,937	 	 ∴ Total Vessel Volume is the Controlling Volume 
 
The total accumulated liquid volume for the East Evaporator Process Area is calculated below: 
 

	8  
 
Where 
 

	 	127,260	 	 	 	  (Assumption A-3.6) 

127,260	 0.13368 ≅ 17,012	 	1  
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1.1	 	6  

 
5,859	  (Assumption A-3.4) 

 
5,859	 0.17 / / 20	 1.1 21,912.66	  

21,912.66	 0.13368	 ≅ 2,929	 	1  

 
Therefore, 
 

17,012	 2,929	 19,941	  
 

127,260	 21,912.66	 ≅ 149,173	  
 
The required liner height for the room is calculated using the following equation:  
 

HL = Required Liner Height = 	1	  (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are the Steam Condensate Water Blowdown Vessel (SCW-
VSL-00054), Reboiler Condensate Collection Vessel (DEP-VSL-00008), and Evaporator Condensers 
(DEP-COND-00001/2/3).  
 

∑  (Equation 5) 
 

	  

	13	ft 	 	13	ft 	 84	ft 16	ft 6	ft 132	ft  
       (Assumption A-3.7) 

 
Anet = 5,859 ft2 – 132 ft  = 5,727 ft2 

 
Therefore, 
 

19,941
5,727

1	 4.48	 ≅ 4	 	6	 	 	 	 	 	 	  

 
A-5.4.3 Scenario Two for West and East Evaporator Process Areas 

Scenario: The full volume of the single largest vessel with a pump suction in either Evaporator Process 
Areas, one of the Process Condensate Lag Storage Vessels (DEP-VSL-00005A/B) normalizing between 
the combined process areas.  Additionally, fire water from automatic fire suppression system discharge is 
accumulated (Assumption A-3.5).  No accumulation of rainfall (Assumption A-3.11) 
 
The total accumulated liquid volume for the West and East evaporator process areas is calculated using 
the following equation: 
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	 	8  
 
Where 
 

	 	127,260	 	 	 	 (Assumption A-3.6) 
 

127,260	 0.13368	 ≅ 17,012	 	1  

 
1.1	 	6  

 
3,503	 5,859	 9,362  (Assumption A-3.4) 

 
9,362	 0.17	 / / 20	 1.1 35,013.88	  

 

35,013.88	 0.13368 ≅ 4,681 	1  

 
 
 
Therefore, 
 

17,012	 4,681	 21,693	  
 

127,260	 35,013.88	 ≅ 162,274	  
 

 
 
The required liner height for the room is calculated using the following equation:  
 

HL = Required Liner Height = 1  (Equation 9) 

 
The net room area (Anet) is the combined footprint from the non-failed vessels in the room subtracted 
from the room area.  The non-failed vessels are the Evaporator Separator (DEP-EVAP-00001), 
Evaporator Reboiler (DEP-RBLR-00001), Evaporator Concentrate/Feed LAW Effluent Cooler (DEP-
HX-00001), Steam Condensate Water Blowdown Vessel (SCW-VSL-00054), Reboiler Condensate 
Collection Vessel (DEP-VSL-00008), and Evaporator Condensers (DEP-COND-00001/2/3).  
 

∑ 	  (Equation 5) 
 

	 	  

	79 24 7 13ft 	 	13ft 	 84ft 16ft 6ft  
242	  (Assumption A-3.7) 
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Anet = 9,362 ft2 – 242 ft2 = 9120 ft2 
 

Therefore, 
21,693
9,120

1 3.38	 ≅ 3	 	5	 	 	 	 	 	 	  

 
The required liner height for this scenario is greater than the required liner height calculated in Scenario 1   
for the West Evaporator Process Area, but smaller than the required liner height calculated in Scenario 1 
for the East Evaporator Process Area.  Therefore, 3 ft 5 inches will be the required liner height for the 
West Evaporator Process Area and 4 ft 6 inches will be the required liner height for the East Evaporator 
Process Area. 
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A-5.5 Calculation Summary 

 

Calculation 
Section 
Number 

Elevation 
(ft) 

Containment Area 
Room Number 

Area of 
Room (ft2) 

Area of Non‐
Failed Vessels 

(ft2) 

Net Room 
Area (ft2) 

Total 
Volume of 
Largest 

Vessel (gal) 

Total 
Volume of 
Largest 

Vessel (ft3) 

Fire Water 
Volume (gal) 

Fire Water 
Volume (ft3) 

Rainfall 
Volume 
(gal) 

Rainfall 
Volume (ft3) 

Total 
Accumulated 
Liquid Volume 

(gal) 

Total 
Accumulated 
Liquid Volume 

(ft3) 

Required 
Liner Height 

(ft) 

A‐5.1  ‐39 
ED‐B001 (Low Point 
Drain Vessel Area) 

924  0  924  18,000  2,406  3,456  462 
Not Applicable. Rainfall is 
not accumulated in indoor 

areas. 
21,456  2,868  4 ft 2 in 

A‐5.2  0 
E‐0105 (Evaporator 
Feed Vessel Area) 

1,774  344  1,430  42,300  5,655 
Not Applicable. Fire water is 
not accumulated in outdoor 

areas. 
 

1,728  231  44,028  5,886  5 ft 2 in 

A‐5.3  0 

E‐0106 (Process 
Condensate Lag 
Storage Vessel 

Area) 

3,837  806  3,031  127,260  17,012  3,733  499  130,993  17,511  6 ft 10 in 

A‐5.4.1  0 
E‐0103 (West 

Evaporator Process 
Area) Scenario 1 

3,503  110  3,393  42,300  5,655  13,101  1,751 

Not Applicable. Rainfall is 
not accumulated in indoor 

areas. 
 

55,401  7,406  3 ft 3 in 

A‐5.4.2  0 
E‐0102 (East 

Evaporator Process 
Area) Scenario 1 

5,859  132  5,727  127,260  17,012  21,913  2,929  149,173  19,941  4 ft 6 in 

A‐5.4.3  0 

E‐0102/E‐0103 
(West & East 

Evaporator Process 
Area) Scenario 2 

9,362  242  9,120  127,260  17,012  35,014  4,681  162,274  21,693  3 ft 5 in 
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