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1.0 INTRODUCTION

A one-dimensional finite difference flow model estimated the drawdown
due to pumping in the Liquid Effluent Retention Facility (LERF) drainage
layer. The model used Darcy’s law to determine the flow between adjacent
cells, with provisions to correct the calculated flow if it exceeded physical
sensibility. The critical question to be answered was wheth¢ the sensor,
located approximately 12 ft from the pump intake, would detect a sufficient
decline in hydraulic head to shut off the pump before the water level at the
pump fell below the intake diameter. If sensor did not signi in time, the
pump would cavitate, drawing air and collapsing the vacuum created in the
water. For pumping rates greater than 5 gpm, the model results indicated th:
the sensor-pump system would not operate satisfactorily.

To provide a measure of validation for the finite di ference model
results, a simplified steady state analytical equation was applied to the
drainage layer. Because the actual problem is transient, the analytical
equation provided upper bound estimates of the maximum and minimum flow that
the drainage layer could be expected to provide to the pump. This equation
also used Darcy’s law to estimate the flow, and assumed that the hydraulic
gradient was equal to the approximated slope of the drainage layer. The
results from this model showed that the drainage layer could supply at most
between about 5 to 11 gpm to the pump.

2.0 DESCRIPTION OF THE LERF DRAINAGE LAYER AND SUMP SYSTEM

The LERF drainage layer is composed of gravel and is located immediately
below the drainage net and immediately above the bottom liner of the LERF
basin (see Figure 1 for the plan view and dimensions of the basin bottom
liner). The gravel is distributed over the bottom liner to a depth of 1 ft.
The drainage layer bottom slopes toward the sump at a minimum of 0.02:1. The
sump bottom is flat, and is 1 ft below the drainage layer bottom; the slope of
the embankment between the sump and drainage layer is 1:2 (Flgures 2a and 2b
provide the plan and profile views of the <ump, respectively'). The purpose
of the drainage layer is to transport to = e sump any fluid that leaks through
the drainage net. As the fluid collects and fills the sump, it then begins to
accumulate in the drainage layer. When the sensor detects a head of 10 in. in
the drainage layer, it signals the pump to start. The pumping continues until
the sensor detects a head of 2 in. in the drainage layer, when it then signals
the pump off.

"The intake pipe in the sump has since been modified, but none of the
sump dimensions have changed.
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Figure 1. Plan View and Dimensions of the LERF Bottom
Liner (the bottom of the drainage layer) (KEH 1990).
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Figure 2a. Plan View of the Drainage Layer Sump.
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Figure 2b. Profile View of the Drainage Layer Sump (KEH 1991).
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3.0 MODEL DEVELOPMENT

Because the variability of the drainage layer and sump system geometry
prevented a precise overall mathematical representation, a finite difference
grid was developed to model the effect of various pumping rates on the water
surface profile. The one-dimensional model used to describe the drainage
layer consisted of a radial finite difference grid, with the pump intake
located in the center of the innermost ce¢ | (see Figure 3). Cells located
within the sump (sump cells) were defined by full circles, while the cells
outside of the sump (drainage layer cells) were defined by quarter circles.
In between the sump and drainage layer cells were the sump embankment cells
(quarter circles), which represented the steeper slope of the transition from
the drainage layer to the sump. Using full circles for the sump cells
provided the model with an accurate representation of the water storage
occurring in the sump, without excessively distorting the act 11 drainage
layer and sump geometry. The rectangu]a{ sump (6 by 8 ft) was approximated by
a circle with a radius of 4 ft (50.27 ft° in area).

The saturated volume in the drainage layer (389.49 ft*) was approximated
by the wedge shaped quarter disk of approximately the same volume by
evaluating the integral

T € e L) 2dx=
Zfo (r-£x)?dx=389.49 (1)

and solving for the radius r, where C is the maximum allowable water level
above the drainage layer (Appendix A). When C equaled 10 in., r equaled

42.26 ft. Subtracting 4 ft for the sump and 2 ft for the sump embankment from
the overall 42.26 ft gives the wetted length of the drainage layer bottom
(36.26 ft). The average effective bottom slope of the modeled drainage layer
was then calculated as,

( 10inch )
12inch/ft

- (2)
=0.02
(36.25f£0) 002299

Slope=

The bottom elevation of each cell was calculate wusing this slope and the
distance from the center of the cell to the sump embankment. The initial head
throughout the drainage layer was assumed to be uniform and ~? in. above the
sump bottom.

Other input parameters for the model included drainage layer properties,
pumping rate and intake diameter, and finite difference increments. The
additional drainage layer properties were hydraulic conductivity and porosity.
The hydraulic conductivity value was determined by a permeability test
performed on the drainage gravel, and the porosity was assigned a value
representative of gravels (Freeze and Cherry, 1979). Several umping rates
were modeled, and the intake diameter (cavitation criteria) was communicated
by one of the Westinghouse Hanford Company LERF project engineers. The sensor
location and the pump on/off signal criteria were determined from Drawing
Number H-2-79590, Revision 2, ECN W-105-115 (KEH 1990). The cell length and
time step were arbitrary inputs; the former was selected to provide a good fit
of the model grid to the actual system, and the latter was selected for
stability and efficiency.
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Figure 3. Finite Difference Grid used to Describe the Liquid Effluent
Retention Facility Drainage Layer Basin and Sump System.
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The flow between adjacent cells iring each time step was calculated
sequentially, beginning at the two innermost cells, the pump 1take cell and
its neighbor, and continuing outward from there. The sequence began with the
hydraulic head in the pump intake cell declining due to the pumping. Flow
between cells was assumed to occur radially toward the pump intake in
accordance with a finite approximation of Darcy’s Law. Within each individuc
cell, the fluid was assumed to reach instantaneously an equilibrium hydraulic
head. The flow area between two cells was calculated as the average depth of
water (hydraulic head minus the bottom elevation) across the two cells
multiplied by the arc length separating them (see Figure 4 for a schematic
diagram of the finite difference grid used to generate the equation). The
flow, q, between two adjacent cells (I+1 and I) thus equaled,

H,,,-H_ . , H,, +H-E_ -E
gI*l—I=K( IAlx I) ( T+l 12 I+l I)L (3)

where H and E are the hydraulic head and bottom elevation of the cell,
respectively, K is the hydraulic conductivity, Ax is the cell length, and

2 v
for quarter circle arcs, or
L=2I(Ax)=® ()

for full circle arcs. Also, the model contained a dampening routine to
prevent the flow between adjacent cells from exceeding physical sensibility
and causing any instability.

After calculating the flow between each pair of adjacent cells, the new
hydraulic head (H,;) in each cell was then evaluated,

F(qQr.,,~Q;)
H_=H 6
=0t On (Ax)2(I2-(I-1)2) (6)

AQpetr

-E
N \ I+1 “1+1
HI’EI { A

| Ax | Ax |

Figure 4. Schematic Diagram of the Finite Difference Grid used to Generate
the Equation for Calculating the Flow Between Two Adjacent Cells.
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where H,, is the head in the cell at the beginning of the time step, & is the
porosity, and F either equals one for the full circle cells, or four for
quarter circle cells. Summing the changes in hydraulic head in each cell
after each time step and comparing that volume to the volume pumped provided a
check to insure the conservation of mass. The time steps ceased if either one
of two events occurred: (1) the hydraulic head in the sensor cell decreased
to the trigger level to shut off the pump, or (2) the head in the pump intake
cell fell below the pump intake diameter, indicating that the pump had
cavitated. Appendix B contains the FORTRAN code for performing the model
calculations.

4.0 MODEL RESULTS

The model was run at pumping rates of 5, ), 20, 30, and 40 gpm. The
drainage layer parameters hydraulic conductivity and porosity were'2 cm/sec
(0.787 in/sec) and 0.25, respectively. The sensor was located 12 ft away from
the pump intake, and would signal the pump to shut off if the head above it
declined to 2 in. or less. The initial head above the sump was 22 in. and
above the drainage layer (and sensor) it was initially 10 in., decrea51ng
outwardly due to the slope of the drainage layer bottom.

The sensitivity analysis performed on the time increment showed little
change in the model output for a range of increments (see Figure 5); so 2 sec
was selected to decrease the running time. Figure 6 presents the results of
the model runs as water level profiles in the drainage layer. In each case,
the pump cavitated before the head above the sensor decreased sufficiently to
shut it off. For the 20 gpm and higher pumping rates, very little drainage of
the layer occurred except in the immediate area of the sump. Table 1 shows
the time of cavitation and the volume of water removed from the drainage layer
for the different pumping rates.
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Table 1. Time to Cavitation and the Volume of Water Removed
from the Drainage Layer Due to Various Pumping Rates.

Time to Volume of water Percentage of
Pumping rate cavitation removed from the water removed
(gpm) (min) drainage layer from the drainage
(gal) layer
5 196.93 984.67 87.5
10 74.97 749.67 66.4
20 25.47 509.33 45.1
30 13.67 410.00 36.3
40 8.87 354.67 7 31.4

Total volume of water present in drainage layer = 1128.46 gal.

5.0 SIMPLIFIED ANALYTICAL SOLUTION

The analytical solution provided estimates of the maximum and minimum
flow that the drainage layer, based on its simplified geometry, could be
expected to deliver to the pump. These values should be considered upper
bounds because they were determined from a steady-state approximation to a
transient problem. The analysis used Darcy’s law (in radial form) to predict
the flow through the drainage layer, assuming that the hydraulic gradient was
equal to the slope of the bottom of the drainage layer. The equation was,

O=K(VH) A (7)

where Q is the flow rate, VH is the hydraulic gradient, and A is the cross-
sectional area through which the flow occurs. For the drainage layer, K
equaled 3.937 ft/min (2 cm/s), VH was set equal to the drainage layer bottom
slope (0.02299), and the cross-sectional area was calculated as,

A=H(r)L(r) (8)

where H(r) is the saturated depth at a distance r from the pump, and L(r) is
the length dimension along the bottom of the drainage layer. For the sloping
drainage layer,

H(r)=0.8333ft-0.02299 (r-6ft) (9)

(the pump intake was modeled to be 6 ft from the edge of the drainage layer
where the head was 10 in. [0.8333 ft]), and the length dimension was

3L
L(r)= > (10)

Substituting equations 9 and 10 into equation 7 and simplifying produces

10
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0=-0.00327r%+.13809r (11)

which is a concave down parabola. The maxima and minima expected flow rates
occurred at the two boundary radii (6 and 42.26 ft), and where the derivative
of Q with respect to r equaled zero,

0=-.00654r+.13809 (12)

(or r equal to 21.11 ft). The flow rates evaluated at these three radii (6,
21.11, and 42.26 ft) were 5.32, 10.90, and 0 gpm. Therefore, according to
these results, the drainage layer could be expected to supply at most between
5.32 and 10.90 gpm to the pump.

CONCLUSION

Cavitation causes excessive vibration and wear on the pump, quickly
ruining the impeller blades and disabling the pump. The system must be
designed to prevent this from occurring. The del developed to determine the
optimum pumping rate for the LERF drainage layer showed that flow rates
greater than 5 gpm would cavitate the pump. Furthermore, flo rates greater
than 20 gpm would remove less than 50% of the water from the drainage layer
during a pumping event.

The analytical comparison indicated that the drainage layer could
provide at most between about 5 and 11 gpm. Because these nu jers are based
on a steady-state approximation (using the initial conditions) to a time
dependent problem, the range of flow that was calculated is probably greater
than what the system could consistently provide. Therefore, to protect the
pump and remove the most water from the drainage layer during each pumping
event, a pumping rate as close to 5 gpm (even less if possible) should be
used. If a pumping rate this low is not feasible, other options include:

(1) moving the sensor closer to the pump intake to monitor more accurately the
head decline at that critical location, (2) devising some method of
recirculating the pumped fluid back into the sump, (3) changing the sensor
on/off signal settings to different hydraulic head values, or (4) cycling the
pump on and off to prevent it from operating over a certain continuous amount
of time.
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APPENDIX A

APPROXIMATION OF THE VOLUME OF THE SATURATED
PORTION OF THE DRAINAGE LAYER
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The model approximated the shape and volume of the saturated portion of
the drainage layer by a wedge shaped quarter disk (see Figure A-1). This is
the solid generated when a right triangle is rotated 90 degrees about one of
the legs that form the 90 degree angle. The depth of the quai er disk was s
equal to 10 in. (0.833 ft), and the radius was calculated by setting the
volume of the solid equal to the volume of the saturated portion of the
drainage layer. By modeling the shape of the drainage layer in this manner,
the flow toward the sump could be modeled in one dimensional radial form.

The first step was to estimate the saturi ed volume of the drainage
layer. This volume was calculated by evaluating the volume of the space
between a horizontal plane 10 in. above the drainage layer’'s lowest corner,
and the drainage layer bottom (Figure A-_,. Using the plan ¢ nensions taken
from Figure 1 and adding 6 ft for the sump, the two side lengths were 130.20
ft (67.06 ft + 2 * 28.57 ft + 6 ft) and 190.20 ft (127.06 ft + 2 * 28.57 ft +
6 ft). The equation for the volume (V) was then,

0.833f¢t 0.833f¢t
9.83°5It449, —:22°-%190.20f
S sff 130.20f¢t) ( S FL 1 20ft) ] (13)

3

[0.833f¢t(

V=

or 389.49 ft3.

The second step was to determine the radius of the wedge shaped quarter
disk of the same volume. To accomplish this, (1) the area indicated below the
x-axis in Figure A-3 was rotated 90 degrees about the y-axis, (2) the volume
of revolution was determined by using the cylindrical shell method of
lntegratlon, (3) the resulting equation for that volume was set equal to
389.49 ft*, and (4) that equation was then solved for the radius. For an area
bounded by the function f(x) (between the ent oints a and b) and the x-axis,
the volume generated by revolving that area completely (360 degrees) about the
y-axis is given by,

v=2n fbxf(x) dx (14)

In this application, the function is the line bounding the area in Figure A-2,

y=o.833ftt§-1) (15)
where r is the radius of the disk. Substituting the equation of this line
into equation A2 and dividing by four (90 degrees divided by 360 degrees)

produced,

v;—-f x[0. 833ft(—--1)]dx (16)

(the negative sign is necessary because the area is below the x-axis).

Performing the integration and setting the volume equal to 389.49 ft° yielded,
(O'Bigft)urz=389.49ft3 (17)

or a disk radius r of 42.26 ft.

A-1
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Figure A-1. The Wedge Shaped Quarter Disk.

Volume of Saturated Gravel Drainage Layer Bottom

/

‘ T
10 in ‘4/////} 3.5 ft
(0.833 ft) ’ 4

130.20 ft

. © 190.20 ft =%’/////

Not to Scale

Figure A-2. Diagram of the Saturated Volume in the Drainage Layer when the
Hydraulic Head Over the Lowest Corner is Ten Inches (0.833 Feet).
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Figure A-3. Graph of the Area Used to Determine the Radius of the Quarter
Disk with the Same Volume as the Saturated Portion of the Drainage Layer.
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PROGRAM FOR CALCULATING CONE OF DEPRESSION AROUND DRAINAGE LAYER
PUMP.

N = NUMBER OF CELLS

NSENS = CELL (WITH RESPECT TO DISTANCE ONLY) CONTAINING SENSOR
ESENS = ELEVATION OF SENSOR

SLOPE = SLOPE OF THE BOTTOM

E(I) = BOTTOM ELEVATION OF EACH CEl

HIN = INITIAL HEAD IN DRAINAGE LAYER (ALL CELLS)

HOFF = HEAD AT WHICH THE SENSOR SHUTS OFF THE PUMP

HEAD IN EACH CELL

PUMPING RATE

HP(I) = TEMPORARY HOLDER FOR CALCULATED HEAD VALUES

-
c
=
e
on

DH = HEAD REDUCTION IN CELL CONTAINING PUMP

DT = TIME INCREMENT

TT = TOTAL TIME SIMULATED

IT = TIME INCREMENT COUNTER

NT = TOTAL NUMBER OF TIME STEPS

DX = CELL LENGTH

QI(I) = FLOW FROM CELL T INTO CELL I-1 (INITIAL)
QF(I) = FLOW FROM CELL I INTO CELL I-1 (SECONDARY)
PHI = POROSITY

= HYDRAULIC CONDUCTIVITY
DIMENSION H(100), HP(100), QI(100), HE(100), E(100), DI(100)
OPEN(UNIT=3,ACCESS="SEQUENTIAL",FILE="1erf7.dat")
OPEN(UNIT=4 ,ACCESS="SEQUENTIAL",FILE="Terf8.out")
READ IN DT (SEC), TT (SEC), PUMP (GPM), AND DX (IN)
READ(3,*) DT, TT, PUMP, DX
PRINT*, DT, TT, PUMP, DX
READ IN N, NSENS, HOFF (IN), AND ESENS (IN)
READ(3,*) N, NSENS, HOFF, ESENS, PUMPDIAM
PRINT*, N, NSENS, HOFF
READ IN HIN (IN), PHI, HC (IN/SEC), : OPE
READ(3,*) HIN, PHI, HC, SLOPE
PRINT*, HIN, PHI, HC, SLOPE

VOL = 0.0
DOSOI=1,N

XI = REAL(I)

H(I) = HIN

DI(I) = (XI-0.5)*DX

IF(I.LE.4) E(I) = 0.0

IF(1.EQ.5) E(I) = E(I-1) + 3.0

IF(1.EQ.6) E(I) = E(I 1) + 6.0

IF(1.EQ.7) E(I) = E(I-1) + 3.0 + SL( E*DX/2.0
IF(I.GE.8) E(I) = E(I-1) + SLOPE*DX
LF(1.LT.7) THEN

VOL = VOL + (H(I)-E(I))*(3.1416/4.0)*(DX**2)*((XI**2)-(XI-1)**2)
ENDIF
CONTINUE
H20VOL = VOL*PHI/231.
VOL = VOL/12.0**3
PRINT*, *TOTAL VOLUME = *, VOL, 'CUBIC FEET’

B-1
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PRINT*, *WATER VOLUME = *, H20VOL, ’GALLONS’
INITIALIZE BOUNDARY FLOW CONDITIONS

DH = DT*PUMP*231.0/(PHI*60.0*3.1416% (DX**2))

PRINT*, *DH = ', DH

QI(N+1) = 0.0

QI(1) = 0.0

DETERMINE NT, THE NUMBER OF TIME STEPS

NT = TT/DT

PRINT*,*THE TOTAL NUMBER OF POSSIBLE TIME STEPS IS °, |

NE = 0

START THE TIME STEPS

DO 300 IT = 1, NT

IF(NE.GE.1) GO TO 300
CALCULATE THE FLOW BETWEEN CELLS

H(1) = H(1) - DH

HE(1) = H(1)

IF(HE(1).LT. E(l)) HE(1) = E(1)

DO 1351 = 2

XI = REAL(I)

C *kkkk

C *kk*

&

&
&

2o

&

2o

Qo

&

&

IF(1.LE.6) THEN
IF(H(I)-E(1).GT.0.0) THEN
HE(T) = H(I)

QI(I) = DT*HC*3.1416*(H(I)-H(I-1))*(XI-1.0)*(HE(I)+HE(I-1)

“E(I)-E(I-1))
ELSE

QI(I) =
ENDIF
HP(I-1) = H(I-1) + QI(I)/(PHI*(DX**2)*(3.1416)
*(((XI-1.0)**2)-(XI-2.0)**2))
HP(I) = H(I) - QI(I)/(PHI*(DX**2)*(3.1416)
*(((XI-0.0)**2)-(XI-1.0)**2))
IF(HP(I-1).GT.HP(1)) THEN
HP(I-1) = H(I-1) + (H(I)=H(I-1))*((XI**2)-(XI~1.0)**2)/
((XI**2) - (x1 -2.0)**2)
HP(I) = HP(I-1
QI(I) = (H(I) = HP(I))*(DX**2)*((XI**2)-(XI-1.0)**2)*
3.1416*PHI
IF(HP(I).LE.E(I)) THEN
QI(I) = (H(I) = E(1))*(DX**2)*((XI**2)-(XI-1.0)**2)*
3.1416*PHI
H(I) = E(I)
H(I-1) = H(I-1) + QI(I)/((DX**2)*(((XI-1.0)**2)-
(XI-2.0)%*2)*3.1416*PHI)
ELSE
H(I) = HP(I)
H(I-1) = HP(I-1)
ENDIF
ELSEIF (HP(1).LE.E(I)) THEN
QI(I) = (H(I) - E(I))*(DX**Z)*((XI**Z) (XI-1.0)**2)*
3. 1416*PHI
H(I) =
H(I-1) = H(I-l) + QI(1)/(PHI*(DX**2)*(3.1416)*
(((XI-1.0)**2)-(XI-2.0)**2))
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ELSE
H(I) = HP(I)
H(I-1) = HP(I-1)
ENDIF

c %k kkk

c ****ELSEIF(I.GT.7) THEN
IF(H(I)-E(1).GT.0.0) THEN
HE(T) = H(I
QI(I) = DT*HC*3.1416*(H(I)-H(I-1))*(XI-1.0)*(HE(I)+HE(I-1)
& ELgE(I)—E(I-l))M.O

QI(I) = 0.0
ENDIF
HP(I-1) = H(I-1) + QI(I)/(PHI*(DX**2)*(3.1416/4.0)
& *(((XI-1.0)**2)-(XI-2.0)**2))
HP(I) = H(I) - QI(I)/(PHI*(DX**2)*(3.1416/4.0)
& *(((XI-0.0)**2)-(XI-1.0)**2))
IF(HP(I-1).6T.HP(I)) THEN
HP(I-1) = H(I-1) + (H(I) H(I-1))*((XI**2)- (XI-1.0)**2)/
((XI**2) - (XI-2.0)**2)
HP(I) = HP(I-1)
QI(I) = (H(I) - HP(I))*(DX**2)*((XI**2)-(XI-1.0)**2)*
3.1416*PHI /4.0
IF(HP(I1).LE.E(I)) THEN
QI(I) = (H(I) - E(I))*(DX**2)*((XI**2)-(XI-1.0)**2)*
(%.1416*PHI/4.0
H(I) =
H(I-1) = H(I-1) + QI(I)/((DX**2)*(((XI-1.0)**2)-
(XI-2.0)**2)*3.1416*PHI /4.0)
ELSE
H(I) = HP(I)
H(I-1) = HP(I-1)
ENDIF
ELSEIF(HP(I).LE.E(I)) THEN
QI(I) = (H(I) - E(I))*(DX**2)*((XI**2)-(XI-1.0)%*2)*
& 3.1416*PHI /4.0
H(I) =
H(I-1) = H(I-1) + QI(I)/(PHI*(DX**2)*(3.1416/4.0)*
& (((XI-1.0)**2)-(XI-2.0)**2))

Qo

o

o

Qo

ELSE
H(I) = HP(I)
H(I-1) = HP(I-1)
ENDIF
C dkkkk
ELSE
c ok kkk

IF(H(1)-E(1).GT.0.0) THEN
HE(T) = H(I)
QI(I) = DT*HC*3.1416* (H(I)-H(I-1))*(XI-1.0)*(HE(I)+HE(I-1)
&  -E(I)-E(I-1))/4.0
ELSE

QI(I) =

ENDIF
HP(I-1) = H(I-1) + QI(I)/(PHI*(DX**2)*(3.1416)
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& *(((XI-1.0)**2)-(XI-2.0)**2))
HP(I) = H(I) - QI(I)/(PHI*(DX**2)*(3.1416/4.0)
& *(((XI-0.0)**2)-(XI-1.0)**2))
IF(HP(I-1).GT.HP(I)) THEN
HP(I-1) = (H(I)*((XI**2)-(XI-1.0)**2)/4.0+(H(I-1)*
& (((XI-1.0)**2)-(XI-2.0)**2))) / (((XI**2)-(XI-1.0)**2)
& /4.0 + ((XI-1.0)**2)-(XI-2.0)**2)
HP(I) = HP(I-1)
PRINT*, *CHECK POINT---*,I-1, HP(I-1), I, HP(I)
PRINT*, H(I-1) AND H(I) = *, H(I-1), H(I)
QI(I) = (H(I) = HP(I))*(DX**2)*((XI**2)-(XI-1.0)**2)*
&  3.1416*PHI/4.0
IF(HP(1).LE.E(1)) THEN
QI(I) = (H(I) - E(I))*(DX**2)*((XI**2)-(XI-1.0)%*2)*
& 3.1416*%PHI/4.0

H(I) = E(I)
H(I-1) = H(I-1) + QI(I)/((DX**2)*(((XI-1.0)**2)-
& ELSE (XI-2.0)**2)*3.1416*PHI)

H(I) = HP(I)
H(I-1) = HP(I-1)
ENDIF
ELSEIF(HP(I).LE.E(I)) THEN

QI(I) = (H(I) - E(I))*(DX**2)*((XI**2)-(XI-1.0)**2)*
&  3.1416*PHI/4.0

H(I) = E(I)

H(I-1) = H(I-1) + QI(I)/(PHI*(DX**2)*(3.1416)*
& : (((XI-1.0)**2)-(XI-2.0)**2))

LSE

(I)
HP(I-1)

CONTINUE
IF(H(1).LE.E(1)+PUMPDIAM) THEN
WRITE(4,220) IT
PRINT*,’THE PUMP CAVITATED ON TII  [EP’, IT
NE = IT
ENDIF
CALCULATE HEAD CHANGE IN EACH CELL AND SUM TOTAL HEAD
IF (H(NSENS) . LE.HOFF+ESENS) THEN
NE = IT
WRITE(4, 210) NE
ENDIF
CONTINUE
IF(NE.EQ.0) NE = NT
TOVOL = 0.0
DO 425 1 =1, N
XI = REAL(I)
IF(I.LT.7) THEN
TOVOL = TOVOL + (HIN - H(I))*(3.1416)*(DX**2)
& *((XI**2)-(XI-1)**2)
ELSE
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TOVOL = TOVOL + (HIN - H(I))*(3.1416/4.0)* (DX**2)
& *((XI**2)-(XI-1)**2)
ENDIF
425  CONTINUE
CONERR = TOVOL*PHI - NE*DT*PUMP*231./60.0
WRITE(4, 375) NE, DT*NE/60.0
WRITE(4, 385) NE*DT*PUMP/60.0
WRITE(4, 450) CONERR/231.0
375  FORMAT(1X, *THE NUMBER OF TIME ! tPS WAS *,1X, I4,/, 1X,
& *THE TOTAL ELAPSED TIME WAS ’, F12.2, 1X, *MINUTES®)
385  FORMAT(1X, 'THE WATER VOLUME PUMPED WAS *. 1X, F12.4, 1X,
& 'GALLONS’)
450  FORMAT(1X, 'THE WATER VOLUME ERROR IS ’,1X, F12.4, 1X,
& ’GALLONS®)
WRITE(4,475)
475  FORMAT(1X,/,6X,” DISTANCE BOTTOM ELEVATION  HEAD  °
& DEPTH®)
350  WRITE(4, 400)(DI(1)/12.0, E(I), H(I), H(I)-E(I), I = , N)'
400  FORMAT(IX, 4F15.4)
210 FORMAT(1X, *THE SENSOR SHUT OFF THE PUMP AFTER TIME STEP’, I5)
220 FORMAT(1X, *THE PUMP CAVITATED ON OR AFTER TIME STEP °’,I5)
STOP
END
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APPENDIX C
SAMPLE INPUT FILE




WHC-SD-EN-TI-050, Rev. 0

Note: Italic text is not included in the input file, but is present here for
explanatory purposes.

Time Step; Total Time; Flow Rate; Cell Length

2.0 14400. 5. 12.0
Total Cells; Sensor Cell, Shut Off Head, and Elevation; Cavitation Criteria
43 13 2.0 12.0 7.0
Initial Head; Porosity; Hydraulic Conductivity; Bottom Slope
22.0 0.25 0.787 0.02299
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