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TANK 8F WASTE REMOVAL
Pump Tank Concentrations During Dilution Operations

Pump Tanks FPT-1 and HPT-7 will be used during the transfer of Tank 8F sludge slurry from F-Tank
Farm to H-Tank Farm. The two pump tanks are schematically connected to each other by the
interarea line (IAL). During steady state operations, the sludge concentration in the pump tanks and
the transfer line are equivalent. During dilution operations, the sludge transfer from Tank 8 is halted
and clean dilution water is supplied to FPT-1 at the same flow rate as during the sludge transfer.
Therefore, the sludge concentration leaving HPT-7 is a time dependent value.

An analytical model was prepared to estimate the time it takes for the sludge concentration exiting
HPT-7 to drop to less than 5% of the steady state concentration. Several assumptions were made to
facilitate this determination.

e Concentration of the sludge is uniform in both pump tanks and equivalent to the concentration of
the incoming sludge from Tank 8 prior to stoppage of the transfer.

Inlet sludge concentration is zero.

Liquid volumes of the two tanks are not equal and considered constant.

Liquid volumes of the two tanks are well mixed with no concentration gradients.

IAL volume shall be considered constant and included as part of the FPT-1 volume.

A material balance was conducted first on FPT-1. The solution from that material balance was used
as an input in HPT-7. Refer to the attachment for the derivation of the following equation:

a a
C@)= e’ + e"”(C - ———) ,
B-7) *B-n
with :
a:——QCO1 , B =g, and y =g-,
VZ V2 VI
withV, #V, .
where,
C(t) Sludge Concentration at time ¢ (weight%)

Time (minutes)
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Q = Flowrate (> per minute)

Cor = Initial sludge concentration of FPT-1 (weight%)
Co» = Initial concentraton of HPT-7 (weight%)

Vi = FP1+1IAL liquid volume (ft3)

V, = HPT-7 liquid volume (ft’)

For discussion purposes, set Coi = 15 wt%, Coz = 15 wt%, Q = 13.367 ft’/min (100 gpm), V; =
856.76 ft*, and V> = 374.28 f’. Setting C(z) to 0.05Co, , and solving for ¢ iteratively yields =229
minutes.

Therefore with a 100 gpm dilution flow, the sludge concentration exiting HPT-7 is estimated to drop
below 95% of the original concentration of 15 wt% in about 3 hours 50 minutes.

C: N. R. Davis, 703-H
M. J. Green, 742-14G
G. M. Johnson, 742-4G
E. Saldivar, 742-4G
M. J. Turek, 703-H
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ATTACHMENT
DERIVATION OF EQUATION THAT PREDICTS
SLUDGE CONCENTRATION AT THE HPT-7 Pump OUTLET

____1 / IAL
<

FPT-1

Assumptions

A
/

A

HPT-7

1. Concentration of sludge in FPT-1 is uniform and equivalent to the concentration of the
incoming sludge from Tank 8 prior to stoppage of the transfer.

2.  Inlet sludge concentration is zero.

3. Liquid volumes of the two tanks are not equal and considered constant.
4. Liquid volumes of the two tanks are well mixed.

5. IAL volume shall be considered constant and part of FPT-1 volume.
Approach

1. Perform material balance on FPT-1.

2.  Perform material balance on HPT-7 using solution from FPT-1 balance.

3.  Solve ordinary differential equation on HPT-7.

Terms

V; =Liquid volume of FPT-1 (ft%)

Vo  =Liquid volume of HPT-7 (ft’)

t =Time (min)

Q = Volumetric flowrate (ft*/min)

C  =Sludge concentration (wt%)

C’ =Concentration leaving FPT-1 (wt%)
Co; =FPT-1 initial concentration (wt%)
Co2 =HPT-7 initial concentration (wt%)

FPT-1 Material Balance

QinCin ——— V,—

P QouCout
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d
QinCin = Vi _C— + Qrml Coul
dt

From assumption 2, C;, = 0.

Equation (1) reduces to:

a __9¢
dt Vi
Separate and integrate (2),
_VdC_ L VigedC g
QC Q Ca C 0
t= _h ng _h 1 Co
Q C, '

-=0t
C'(t) = Cpe 7

HPT-7 Material Balance

ac

QunC" —» —
dt

_-_-’ Qout C

HPT-7

. dC
QinC = V2 E + QoulCout

From (5), (7) becomes,
_Qr d
0.6t =1 % 0 c

Let Q = Qin = Qows , then (7) reduces to,

4c _09Co % _Q
v, v,

let a= gggl_, B = g, andy = g then (8) simplifies to,
V2 VZ Vl

dcC v
—+fC=ae™’
dt A

¢y

@

3)

4)

®

(6)

Q)

®)

9
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Equation (9) is in the form -d_x + P(x)y = Q(x), which is a first order linear differential equation

where the general solution is yeI o J.Qe J “dr A X P(x)=f Qfx)=ae”’ y=C, and x=t,

then the general solution for (9) is,

Ny "Bt
CeI =jae"”ej dr+ A

(10)

a

B-y)

Simply (10),
Ce?' = Ia e’'ePldt+ A
= [ e Par+ A
- ______a____ef(ﬂ‘}’) +A
(B-7)
So A= Ce”’ —(’BL)—e"””), att =0, C(0)=C,,, therefore, A=C,, -
md
So (10) becomes:
a a
C@t)= e’ +e’ﬂ'(C ————] ,
(B-7)  (B-y)
where :
QC,

withV, # V..

(11)







