e (2

JUNQ 4 1997

ENGINEERING DATA TRANSMITTAL

Page 1 of l

610295

1. EDT

2. To: (Receiving Organization)
Operations and Project
Safety Support

3. From: (Originating Organization)
Tank Waste Operations Process
Engineering

4. Related EDT No.:

N/A

5. Proj./Prog./Dept./Div.:

Process Control/Process
Engineering/Engineering and
Safety/Tank Waste Operations

6. Design Authority/ Design Agent/Cog.
Engr.:

S.D. Estey

7. Purchase Order No.:

N/A

8. Originator Remarks:

9. Equip./Component No.:

Calculation Note to support safety basis analyses for N/A
Project W-320, sluicing of tank 241-C-106. 10. System/Bldg./Facility:
N/A
11. Receiver Remarks: 11A. Design Baseline Document? [] ves  [X] o 12. Major Assm. Dug. No.:
N/A
13. Permit/Permit Application No.:
N/A
14. Required Response Date:
6/02/97
15. DATA TRANSMITTED (F) (G CH) (1)
é:\,)“ s:,?et R(eD: (€) Title or Description of Data ADPZ;?V_aI Re'?ron :‘J:&x; Re::iv—
No. (B) Document/Drawing No. No. No.. Transmitted natogr Trans- Dispo- Dispo-
mittal sition sition

1 | HNF-SD-WM-CN-114

0 Calcutation Note:
Project W-320 Primary
Ventilation Air Flow
Requirements for
Mitigation of Steady
State Flammable Gas
Concentrations in the
Headspaces of Tanks
241-C-106 and

NA | 2 1 6

40 57 67§47

Slgnature of EDT EPT Date
Originator

R.G. Stlckney
Authorized Reprt

ative Date
for Receiving Organization

N.w. Kirchzzz Z‘ ;é éi'i z

Design Authority/ Date
Cognizant Manager

241-AY-102
16. KEY
Approval Designator (F) Reason for Transmittal (G} Disposition {H) & (I}
E. S, Q,DorNJA 1. Approval 4. Review 1. Approved 4. Rewewed no/comment
(see WHC-CM-3-5, 2. Release 5. Post-Review 2. App d 5. F
Sec.12.7) 3. Information 6. Dist. (Receipt Acknow. Required) 3. Di 6. Receipt acknowledged
17. SIGNATURE/DISTRIBUTION
(See Approval Desi for required sig
(6 H) ’ ' (G) H)
Rea. Disp. {J) Name (K) Signature (L) Date (M) MSIN Rea- Disp. {J) Name (K) Signature (L} Date (M) MSIN
son son »
1 1 [ cos.Eng. s.0. Estey /75 A </ fr7 R 1 1 | sa sarker A4 A [ /24 77211
- N - 2
1 1 | cog. Mgr. n.u. K]rchylfﬂ/%‘ﬂ\‘é/z/ﬁ R2-11 1 1 | 9.6 xristofzski [| Z5— é/f/77 R2-12
A ' : /4
Safety TUORE - 3 copies B o;‘b_
Env. -
18. 20. 21. DOE APPROVAL (if required)

ctrl.
0 Approved
[1 Approved w/comments
[1 Disapproved W/comments

BD-7400-172-2 (05/96) GEF097

]O.-7400-172-1



HNF-SD-WM-CN-114, Rev. 0

Calculation Note: Project W-320 Primary

Ventilation Air Flow Requirements for Mitigation of
Steady State Flammable Gas Concentrations in the
Headspaces of Tanks 241-C-106 and 241-AY-102

S.D. Estey
Lockheed Martin Hanford Company, Richland, WA 99352
U.S. Department of Energy Contract DE-AC06-96RL13200

EDT/ECN: g /0275 UC: o7
Org Code: 74650 Charge Code: NB602
B&R Code: sz 200 74 Total Pages: z/

Key Words: Hydrogen, Flammable Gas, Headspace, Steady-State,
Ventilation Rates, Response Times, LFL

Abstract: This Calculation Note analyzes the concentration of flammable
gases in the headspaces of tanks 241-C-106 and 241-AY-102. Using
measured and/or estimated hydrogen generation rates, the required
minimum air flow rates and response times to a loss of ventilation
condition are calculated. The conditions analyzed include: 1) tank
241-C-106 before sluicing, 2) tank 241-AY-102 before sluicing, and 3)
tank 241-AY-102 after sluicing, assuming all of the waste contained in
tank 241-C-106 has been transferred to it. -

“\\*\\\\\\ &\5 o \V\kkmmr\k o“ “\QY\K\%OS\'\

TRADEMARK DISCLAIMER. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency thereof or
its contractors or subcontractors.

Printed in the United States of America. To obtain copies of this document, contact: Document
Control Services, P.O. Box 950, Mailstop H6-08, Richland WA 99352, Phone (509) 372-2420;
Fax (509) 376-4989.

DATE: HANFORD
STA; 4’ RELEASE § ™

A SJUNDE S

elease ppryat’ Date Release Stamp

Approved for Public Release

A-6400-073 (01/97) GEF321



HNF-SD-WM-CN-114 Rev.0

Author / / %///' : Date %/2/77 * Checked by WD?’@ 6271

Title:

Calculation Note: Project W-320 Primary Ventilation Air Flow Requirements for Mitigation of Steady State
Flammable Gas Concentrations in the Headspaces of Tanks 241-C-106 and 241-AY-102.

Purpose:

This calculation note analyzes headspace concentrations of hydrogen dependent upon assumed ventilation
flow rates provided for tanks 241-C-106 and 241-AY-102. The analyses are based on measured or estimated
steady state hydrogen release rates. Tank 241-C-106 is analyzed prior to sluicing; tank 241-AY-102 is
analyzed both prior to and after completion of sluicing. Specific analyses, using both best estimated and
bounding hydrogen generation rates, include:

1) The minimum primary ventilation flow rates required in the tanks to ensure that the steady state hydrogen
concentration in the respective tank headspace does not exceed 25% and 100% of the LFL.

2) The headspace hydrogen concentration as a function of time as well as the time required to reach 25%
and 100% of LFL (i.e., the required response time) upon complete loss of active ventilation, starting from the
steady state hydrogen concentration based on a 200 CFM minimum flow rate in tank 241-C-106 and a 100
CFM minimum flow rate in tank 241-AY-102.

3) The headspace hydrogen concentration as a function of time following partial loss of active ventilation (i.e.,
step changes to 160, 120, 80, and 40 CFM ventilation flow rates) in tank 241-C-106, starting from a 200 CFM
flow rate and the corresponding steady state hydrogen concentration based on the 200 CFM flow rate.

4) The headspace hydrogen concentration as a function of time following partial loss of active ventilation (i.e.,
step changes to 80, 60, 40, and 20 CFM ventilation flow rates) in tank 241-AY-102, starting from a 100 CFM
flow rate and the corresponding steady state hydrogen concentration based on the 100 CFM flow rate.

Methodology:

The calculations utilize referenced values of steady-state hydrogen release rates in both tanks.. The
calculations are performed and documented using Mathcad V6.0.

Once the total hydrogen generation rate is known for each of the tanks (gr), the required ventilation flow rate
(vr) to control the gas concentration in the headspace equivalent to a specified steady state hydrogen
concentration is the quantity (vr) such that the expression 100(gr/(gr+vr)) equals the desired headspace
hydrogen concentration measured in volume percent.

The transient response of hydrogen concentration in the tank headspace to a step change in ventilation flow

rate is also calculated using the determined hydrogen generation rate for each tank, an initial tank ventilation
rate, the tank headspace volume, and the initial tank headspace hydrogen concentration.

cn114.mcd
Mathcad V6.0
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Assumptions:

- The hydrogen generation rates in the tanks are 20 SCFD best estimate and 45 SCFD bounding value for
tank 241-C-106 before sluicing; 51 SCFD best estimate and 60 SCFD bounding value for tank 241-AY-102
before sluicing; 71 SCFD best estimate and 105 SCFD bounding value for tank 241-AY-102 after sluicing.

- The models for the headspace hydrogen concentrations are mathematical constructs needing no
assumptions other than complete, instantaneous mixing of hydrogen in the tank headspace.

- The assumed minimum active ventilation flow rate is 200 CFM in tank 241-C-106, 100 CFM in tank
241-AY-102.

- The headspace volume of tank 241-C-1086 is assumed as 95,000 fi3 before sluicing. The headspace
-volume of tank 241-AY-102 is assumed as 33,000 ft3 both before and after sluicing. Both values are

referenced.

- When active ventilation is‘ occurring in a tank, the contribution of passive ventilation to the total ventilation

rate is assumed to be negligible.

- The passive ventilation rate in the tanks is assumed as a referenced value of 0.45 volume percent turnover
per day.

- The assumed composition of gases generated in the tanks cause the LFL to occur at 2.5 volume %
hydrogen, and 25% LFL to occur at 0.625 volume % hydrogen.

cn114.mced
Mathcad V6.0
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Input Data:

cases evaluated:

n:=1.6

n

u n = 1 corresponds to tank C-1086 pre-sluicing best estimate

n = 2 corresponds to tank C-106 pre-sluicing bounding value

n = 3 corresponds to tank AY-102 pre-sluicing best estimate

n = 4 corresponds to tank AY-102 pre-sluicing bounding value
n = 5 corresponds to tank AY-102 post-sluicing best estimate

n = 6 corresponds to tank AY-102 post-sluicing bounding value

)

hydrogen generation rate:

&=
n
E Reference:
20‘ﬁ3‘day - 1 (Pasamehmetoglu 1997)
2 45-fr"-day” 2 (Pasamehmetoglu 1997)
3! 51.8% day ! 3 (LANL estimate from SHMS data)
4] s 4 (LANL estimate from SHMS data)
5] 60-f1"-day 5 sumof 1 &3
ﬁ 71-£2.day ™! 6 sumof28&4
105-£°-day !
tank ventilation rates:
vr o=
n n
Reference:.
200-6%min'! 1 (assumption)
31 2 (assumption)
g 200 ﬁ3m“‘ - 3 (Estey 1997)
4] 100-f"-min 4 (Estey 1997)
100-£°-min"* 5 (Estey 1997)
a 100-f i ! 6 (Estey 1997)
100-8>min™!

cnt14.med
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tank headspace volumes:

vol :=
n

n Reference:
3 1 (Pasamehmetogliu 1997)
95000'ﬁ3 2 (Pasamehmetoglu 1997)
; 95000- £ 3 (Estey 1997)
3| 23000 10 ‘ 4 (Estey 1997)
5 5 (Estey 1997)
33000-¢ 6 (Estey 1997)
6| 33000-£°
33000
Calculations
Derivation of ventilation equations
gr=tankH2generationrate volH2=H2volume %H2=100- VOH-IIZ
. VOl
vre=tankventilationrate volH2 ;=initialH2volume
vol=tankheadspacevolume volH2 =currentH2volume

The rate of change of hydrogen volume in a tank headspace equals the volumetric hydrogen
generation rate [gr] minus the volumetric hydrogen loss rate [volumetric flow rate exiting the tank
(i.e., gr + vr) times the volume percent hydrogen in exhaust air (i.e., volH2/vol)].

d(VL]HZ)=(HZgenerationrate - H2lossrate)=| gr - (gr + vr)- PoH2 || gr- (gr+ vr) YolF2
dt 100 vol
d(volH2) - (er+ Vr).vo1H2
dt vol
Separating the variables,
di= d(volH2) _ d(volH2)
- (g vy T2 | g (BT o
vol vol

Factoring the equation by the differential of the volH2 term,

N (w>~d(voll—12)
vol

(B )‘d'“{g,_ e

cn114.med
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Integrating the equation and evaluating between the limits of time = 0 to time = t, and volH2 =
volH2i to volH2 = volH2t,

volH2 ¢
t )
_(M)dt-_- ‘ v ] o)
R
vol
VOIHZi

(grvzlvr> t_m[ (%)-Wmt]‘m[g’ (grx;lvr ) VOIHZ]

Solving for time (1) as a function of the current volume of hydrogen contained in the tank
headspace, (volH2t),

o o e e

gr+ vr vol vol

or - g -volH2

t=»< vol ) vol
g | g (B oy

vol

Solving for the current concentration of hydrogen contained in the tank headspace, (volH2tvol), as
a function of time t,

ln[gr (gu—vr) volHZt]
) vol

D
L
9
+
5
:
I
A}
+
L

Jorl |55
Vo) vol vol
2
(g i) t=gr—[gr— (gr )v01H2 ]CXP[- (g”W) t}
vol vol . vol

cn1z1 4.med
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At steady state (equivalent to t = ), the exponential term drops out and,

vol 100

volH2 t_.%HZ t_( o )
g+ vr

Required tank ventilation rate to maintain steady state hydrogen concentration:

ar
vr=100- -
(%Hzt) ’

Required ventilation rate (m? per second; CFM) to keep tank headspace concentration below
100% LFL (equivalent to 2.5% hydrogen):

&

sec

2.556-10°%
5.752:10°4
6.519-10°
7.669-10°*
9.075-10°%
1342:10°°

— grﬂ
wlfl =100 -2 ) - g,

Required ventilation rate (m3 per second; CFM) to keep tank headspéce concentration below 25%
LFL (equivalent to 0.625% hydrogen):

i

3eC

n

w25 =100 |2
n 0625 o

1.042.10°° 2208
2.345-10°2 ‘;‘22?
265810 [eems
3.127.10°° 734

3.7-10° 11.5%
5.472.10°%

cni14.med
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Determine the steady state hydrogen concentration (% hydrogen) in the tank headspace at the
minimum per tank W-030 ventilation flow rate of 200 CFM for tank 241-C-106 and 100 CFM for
tank 241-AY-102:

+ VI
n n

g.l'l
%H 5; 1= 100-
n &

%H 5
n

. 10.0069
0.0156
0.0354
0.0416
0.0493
0.0729

Natural ventilation flow rate in tanks 241-C-106 and 241-AY-102 (m? per second; CFM):

vol
T passive :=0.0045.—2 Reference: (Crippen 1993)
n day

VT passive_ VT passive,

m £
sec )

-4
1.401-10

1.401-10°*

4.867.10°°

4.867-10°°

4.867-107°
4.867-10°°

cn114.mcd
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Determine the time to exceed 25% LFL (equivalent to 0.625% hydrogen) upon complete loss of
active ventilation (seconds; days): '

g, -

g+ vr passiven) 0.625-vol

vol vol 100
tys == ~——n — -
» &+ ¥ passive, gt VT passive, %H 2in'V°1n
™ vol 100
n
tas tas
n n
(sec) (day)
2.735-10° 3165
[ To1.10° 13317
- - 3865
3.339: 10 3348
2.805-10° 2.704
2.336.10° 1.75
1.512:10°

Determine the time to exceed 100% LFL (equivalent to 2.5% hydrogen) upon complete loss of
active ventilation (seconds; days):

gtV passiven) 2.5-vol,

vol &a” vol 100
t100 = —— |In s
n 8, + VT passive, 8o+ VT passive, %H 2in'V°1,.
&~ vol 100
n
: t100 t100
n n
(sec) (day)
15107 173.655
60.89
5.261-10°
- 16.794
1.451-10 14.155
1.223-10° 11.864
1.025-10° 7.875
6.804-10°

cn114.med
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Résulting hydrogen concentration (volume percent) in tank headspace upon total loss of active
ventilation as a function of time (days):

tnarrow :=0.. 20

g+ VT passive, %H 2in'V°1n &, +vr passive_
- - - -exp| - -tnarrow-da
& | ¥ vol, 100 P vol Y
%H =100- n
R, tnamrow (grn +vr passiven)
twide :=0,20.. 1000
&+ ¥ passive. %H 2 vol, 8o+ VW passive,
—er - . -exp| - twide da
& ¥ vol, 100 P vol Y
%H, =100
n,twide (grn + VI passiven)

Determine the response of hydrogen concentration (volume percent) in tank headspace upon
partial loss of active ventilation as a function of time (hours) and the reduced ventilation flow rate:

thours :=0,6.. 240
p:=1.5

v, :=p-20-f% min’!

oy 2 %H 93, vol, g, + 2V, N
_ Bl 2 T lexpl-| {22 P)thours
7|8 vol, 100 P vol,
C106pre%H o =100 -
P thours (gr2+ 2-vrp)
%H 5; -vol
g g [F | B B s
4 4 voI4 100 vol,
AY102pre%H 5 =100
P, thours (9‘41— vrp)
%H 5: -vol
U DU ) e Tt DO e
6 6 volg 100 vol,
AY102post%H o =100
P, thours (gr6+ vrp)

cnt14.med
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43
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42
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C-106pre [H2] vs Reduced Primary Airflow
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AY-102pre [H2] vs Reduced Primary Flow
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Results:

1) The minimum primary ventilation flow rates required to ensure that the tank headspaces do not reach
25% and 100% of the LFL are shown on page 6.

2) Following complete loss of forced ventilation, the headspace hydrogen concentration as a function of
time, and the times to reach 25% and 100% of the LFL , are shown on pages 10 & 11, and page 8,
respectively.

3 & 4) Headspace hydrogen concentrations following various partial losses of forced ventilation are shown
as a function of time, using the bounding hydrogen generation rates, on pages 12 and 13 for tank’
241-C-106, and on page 14 for tank 241-AY-102.

The resulis show that the hydrogen generation rates in the tanks utilized by Project W-320 are low enough
that only a very small ventilation rate is needed to ensure that a steady state release of gas with the
assumed composition will not resuit in a uniform tank headspace fuel loading exceed 25% of the LFL. A
ventilation flow rate of 100 CFM is calculated to be roughly an order of magnitude greater than the flow rate
required to satisfy the <25% LFL criteria for these tanks at any of the analyzed conditions. The flammable
limits would become a concern in the tank headspaces following complete loss of forced ventilation. In all
cases, the requirement to remain < 25% LFL cannot be met by passive ventilation alone. As a rough
order of magnitude estimate, using bounding hydrogen generation rates, the < 25% LFL limit would be
reached at 1.75 days for tank 241-AY-102 in its limiting waste condition, and at 13.3 days for tank
241-C-106 in its initial condition. If an extended loss of forced ventilation were long enough, the tank
headspaces would eventually exceed the LFL in all the analyzed conditions.

Conclusions:

A 100 CFM primary ventilation flow rate is sufficient to prevent the formation of a uniformly flammable tank
headspace composition in the tanks utilized by Project W-320, even if all the waste resides in tank
241-AY-102. However, using bounding hydrogen generation rates, if forced ventilation were completely
lost on these tanks, the 0.625 percent hydrogen control limit is predicted to occur at 1.75 days for tank
241-AY-102 in its limiting condition (i.e., following complete retrieval of tank 241-C-106 wastes), and at
13.3 days for tank 241-C-106 in its initial condition.
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