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ABSTRACT

Computer models describing both the transient reservolr pressure
behavior and the time dependent temperature response of the wells at the
Raft River, Idaho, Geothermal Resource have been éeveloped. A horizontal,
two-dimensional, finite-difference model for calculating pressure effects
was constructed to simulate reservoir performance. Vertical, two-dimen-
sional, finite-~difference, axisymmetric models for each of the three
existing wells at Raft River were also constructed to describe the transient
temperature and hydraulic behavior in the vicinity of the wells. All
modeling was done with the use of the thermal hydraulics computer program
SINDA-3G. The models are solved simultaneously with one input deck so

that reservoir-well interaction may occur. The model predicted results

agree favorably with the test data.



B e s et

1.0 INTRCDUCTION

Geothermal energy is quickly becoming an energy alternative in the
Western United States. Pacific Gas and Electric Company currently produces
502 Mwe for its customers in Northern California from the Geysers geo-
thermal steam field in the Napa Valley. Residents in Southern California
will soon receive some of their electrical power from thé San Diego Gas
and Electric geothermal power station near the Salton Sea. Several homes
in Boise, Idaho are now heated with low temperature hot water from nearby
geothermal wells, and there are plans to heat some of the Idaho State
office buildingé with water from additional wells in that area. Regions
in Hawaii, Montana, and Nevada are being studied for possible geothermal
energy uses. In other parts .of the world geothermal energy has long been
established as an energy altegnacive. Electric power production began in
1904 at the Larderellc Field in\Italy. Geothermal space heating has been
used in Iceland since the 1930's with fifty-one percent of the homes there
now heated geothermally. New Zealand, Japan, and Hungary all produce
electrical power fr&ﬁ geothermal steam. Dwindling supplies and rising
costs of fossil fuels are now forcing countries to look at other energy
options. Geothermal energy is a.viable alternative.

In 1973 Aerojet Nuclear Company, then the prime contractor at the
Atomic Energy Commission's National Reactor Testing Station, began pre-
liminary engineering studies in the Raft River Valley in Cassia County of
Southern Idaho after the United States Geological Survey (USGS) and the
Raft River Rural Electric Cooperative gathered data in the area which
showed significant potential for a medium temperature (300°F) develop-~
mentél geothermal power plant. Currently, EG&G Idaho, Inc., the present

prime contractor at the renamed Idaho National Engineering Laboratory



(INEL) for the new Energy Research and Development Administration, is
continuing these studies in addition to looking at various other uses of
this geothermal energy. Three wells of approximately 5000 feet to 6000
feet in depth have been drilled in the area and flow testing has been
taking place for over a year. Figure l éhows the location of the kaft
River Valley and the location of the existing three wells.

The objective of the work covered in this report was to develop the
tool or tools necessary for long term predictions of the response of the
Raft Rivervgeothermal reservoir and wells. A finite-difference computer
code was the tool chosen. This code was based on the SINDA—3G(1) computer
program, an n-dimensional thermal analyzer which utilizes an electrical
network (capacitor-conductor) analogy and a lumped parameter (node) repre-
sentation of the physical system ;o solve steady-state and transient prob-
lems. A thermal code was picked astthe program base since its heat transfer
capabilities could be used for solving the temperature response phase of
the geothermal predictions, while the basic equations solved in its computé—
tional scheme are identical with those of the pressure response in a
groundwater reservoir.

Application of the developed code will result in long term (30 years)
prediction of the pressure response in the Raft River Géothermal Reservoir.
Long term temperature response will also be determined in each of the
three existing wells and in wells to be added later.  These predictions
will be useful in forecasting pressure changes in the reservoir and temper-
ature changes in and around the wells so that decisions on future well
locations, for both production and injection, can be made. More importantly,
the predictions will be helpful in deciding the useful life of the reser-

voir for energy needs.
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2.0 PREVIOUS INVESTIGATIONS

Extensive research has been done in the area of groundwater flow and

flow through porous media employing analytical techniques(2’3’6) and

4,5,16) (7,8,9)

numerical. metheds such as finite-difference and finite-element

schemes. Many applications to geothermal reservoir systems are limited to

(10,11) (15)

simplified models or analytical procedures . Recent invest- o f

igations, though, have been directed toward describing the total flow

and heat transfer behavior of geothermal reservoirs in general(12’13’14).

(13)

Lasseter developed a finite-difference program describing the simul-

taneous transport of mass and energy by a one- or two-phase fluid in an
undisturbed media. Finite-difference and finite-element models for

describing energy and mass transfer in porous media with the effect of

(14)

fluid withdrawal were developed by Witherspoon, et.al. for multiphase

(17

Bt

systems. Toronyi's finite-difference two-dimensional, two~phase model
y y P

v

coupled with a one-dimensional well model appears to be the most complete

work to date by including the well as a point sink within the reservoir.

Verification of these models has, in most cases, been limited to dupli-

cating the performance of the Wairakei, New Zealand, geothermal reservoir,

a2 liquid dominated two-phase field.

A e ety s e AT T

The Raft River geothermal resource has the attribute of being a

single phase liquid and, therefore, any tool describing its behavior need

el snciude two-phase effects. Much of the literature cited dealt with

she rwo=-phase fluid flow considerations. In addition, all but one (Toronyi)
neglected wellbore effects, and even this study lacked injection well
considerations. For these reasons, an independent tool was developed

based on an existing heat tramnsfer code, SINDA-3G, and including only

|
r
|
E .
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o
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%
3‘._ .

those parameters deemed important for describing the geothermal resource

at Rafe River.




3.0 ANALYSIS

The Raft River geothermal reservoir contains a single phase liquid at
296°F ‘to 299°F at a pressure of 2200 psig. Because of this single phase
resource and because of the apparent homogeneous and isotropic nature of
the geothermal fluid, the development of a computer code describing both
the reservoir behavior and the temperature response adjacent to the wells
was simplified. An existing finite-difference heat transfer computer
code, SINDA-3G, was chosen as the baée program for modeling and solving
the Raft River geothermal reservoir pressure and temperature response
since the basic equations solved by SINDA-3G are identical to those needed
to describe single phase flow of a slightly compressible, homogeneous
fluid in a porous media.

Two different models weré developed: A horizontal two-dimensional
reservoir pressure response model and a vertical two-dimensional heat
transfer model of each well. The reservoir model was void of heat transfer

considerations due to its homogeneous, constant temperature nature.

Temperature conditions around the wells during production and injection

were handled with the well heat transfer models. Both models were developed

to be solved simultaneously by SINDA-3G and interaction between models
mainly involved pressure input from the reservoir model to the base of the
well model.

3.1 Description of Heat Transfer Computer Program SINDA-3G

The original CINDA computer program, coded in FORTRAN-II and FAP for
IBM-7094 computers, was developed primarily for the solutioﬁ of heat
transfer and thermodynamics problems in the aerospace industry,y‘:;':'ﬂ
became a standard industry-wide for many heat transfer and tk

applications. With the advent of third generation computers

!“




modified (termed CINDA-~3G) to run on these improved devices and it is this

version that has been adapted for use at the INEL computer facility and

termed SINDA-3G.

SINDA-3G ewploys a lumped parameter approach wherein physical masses

are represented by lumped nodes, each having uniform properties and as a

result, uniform response. Communication between nodes is accomplished

through a conductor network representing resistance to transmission of

information between the lumped masses. For the present purpose these

conductors have numerous applications such as thermal conductivity resis-
tance, thermal convection reéistance in fluid flow, and restriction to
pressure communication between nodes.

The concept of network superposition on a lumped parameter repre-

sentation of a physical system is easily stated by a simultaneous set of

partial differential equations of the diffusion type:

3T _ 2.,
e aV'T + S (1)
2 2 2
where V2 = 3 5 + 3 > + 3 5
3x 3y 3z
. -k
C
e P
and T = Temperature
‘ t = Time
k = Thermal Conductivity
o = Density
C_ = Specific Heat
p ull’l
S = Source (of The Type °C
P
Where u''' = Internal Generation)
x!y,z=

Spatial Cartesian Coordinates

e e -

.
3
=



The partial derivative of T with respect to time is approximated by:

3T _ T'-T (2)

where the prime indicates the new T value after bassage of the At time
step. |

The right side of Equation (1) could be written with the T primed to
indicate-implicit "backward" differencing or unprimed to indicate explicit
"forward" differencing. This can be further illustrated by writing
Equation (1) in the general form:

aT

2. B(a¥2T +8) + (1-8)(a'®

ZT' + 8" (3)

with 0<B<1

Any value of B less than one yields an implicit set of equations which
must be solved in a simultaneous manner (mdre than one unknown exists in
each equation). Any value of B equal to or less than one-half yields an
unconditionally stable set of equations. The option used in the Raft
River model was 8 = 0 since this not only guarantees stdability but elim~

inates oscillations (early computer runs using B8 = 1/2 experienced un-

desirable oscillations).

3.2 Raft River Reservoir Model

The flow of a fluid through a2 porous media may be described by the

following partial differential equation<3):
2

where a = X




Y = Density

t = Time

k = Permeability

f = Porosity

B = Compressibility
U = Viscosity

The dependence of fluid density upon pressure and compressibility may be

3, '

stated as follows

= BP (5)
Yy = ye

where = Density
= Density at Original State
Natural Logarithm Base

= Coﬁpressibility

g ow o <
i

= Pressure
For a slightly compfessible, homogeneous fluid flowing in a porous media,

Equations (4) and (5) may be combined to give:

aP 2

== VP +

7t ap S (6)

where the symbols are as previously described, and a source term, S, of
9

the type Ty where Q is a volume flow rate, has been added.

All tests at Raft River indicate that the geothermal resource is a

single phase liguid exhibiting constant properties at all three test wells

(i.e., homogeneous). Therefore, Equation (6) can be used to describe the
pressure response of the Raft River Geothermal Reservoir.

Because of the similarity of Equation (1) and Equation (6), SINDA-3G
was used to solve for the transient pressure response of the Raft River
Geothermal Reservoir with the SINDA-3G thermal input parameters replaced

by the corresponding parameters for fluid flow through porous media. It

i T B
e, ca .

e

£ e ST

mm_f."'t:.'ﬂx Rk



is evident immediately that T in Equation (1) is replaced by the pressure

P in Equation (6). However, a one-to-one correspondence of the other

variables is not so straightforward. If one recognizes that k, the thermal

conductivity in Equation (1), is the property that indicates the quantity
of heat that will flow across a unlt area if the temperature gradient

is unity, and that k, the permeability in Equation (6), is the property
that indicates the flow volume that passes a unit cross section of area
under a unit pressure gradient, then these terms are analogous. This is

more readily apparent by considering the following two equations:

> >
= kVT
(7
> . >
k
= —¢P 8
v 3 (8)

where Equation (7) is Fourier's Law of Heat Conduction and Equation (8) is

known as Darcy's Law, the basic equation describing the flow of a homo-

geneous fluid through a saturated homogeneous porous media. Note

that for complete correspondence between Equations (1) and (6), the

permeability must be divided by the constant u, the viscosity. It might

appear elementary at this point to equate the remaining variables in

Equations (1) and (6) by allowing DCp to be replaced by f8 to achieve

similarity. Although this is the case, a more rigorous argument may be

stated. The quantity pCp is the amount of heat that enters or leaves a

unit volume while the substance changes one degree in temperature. The

quantity ff is the volume of fluid that enters or leaves a unit volume

while the volume changes by one unit of pressure. This analogy not only

completes the comparison of the properties in Equations (1) and (6), it

also defines the value of the source term in Equation (6) in that the
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source term in Equation (1) is a heat rate input replaced by a fluid

volume rate in Equation (6). The two equations, then, are similar, and

SINDA~3G can be used to solve Equation (6) with all properties in
consistent units. Boundary conditions for the model could include:

(1) a no-flow boundary (the same as an adiabatic surface in heat
transfer), (2) a constant pressure boundary (the same as specifying
constant temperature T), or (3) a flow source boundary (the same as heat
addition):or a flow source at an interior point.

The SINDA-3G two-dimensional node-conductor network model of the Raft
River Geothermal Reservoir consists of a completely orthogonal mesh with
1400 ft. node spacing. Each node is surrounded by four conductors, i.e.,
each node is .directly affected only{by the four nodes surrounding it.

Currently the model represents a 15 by 10 mile reservoir and it is believed

that this model is large enough to adequately describe the pressure be-

e

havior of the field, based on observations of other geothermal resources(lg).

Figure 2 shows the area of the Raft River Valley covered by the computer

model with the positions of the three wells included. Each well is placed

on an existing node in the model. All boundaries are currently of the
constant pressure type except the west boundary which is input as a no-
flow boundary (adiabatic analogy) to simulate the Bridge Fault that exists
in that general area.

The geothermal reservoir thickness is not known but current estimates
place it at approximately 500 ft. based on well data from Raft River
Geothermal Well No. 1 (RRGE #1) and RRGE #2. Production from RRGE #1
begins at the 23800 ft. depth and production from RRGE #2 begins at the
4200 ft. depth indicating a slight reservoir sloping from south to north.

However, pressures at 5000 ft. in each well are 2200 psig. It is for this
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reason, as well as the apparent reservoir homogeneity, that a two-dimen-

sional horizontal reservoir model is justified.

Properties for the existing reservoir computer model are given in

Table 1(24)» These properties were determined from the long term flow

test involving RRGE #1 and RRGE #2 during September and October, 1975, and

are based upon a 500 ft. aquifer thickness. The entire model employs

these values except those nodes representing the wells and those conductors
immediately ‘adjacent to the well nodes. These variations will be dis-
cussed in Section 3.5. As previously mentioned, the western boundary

represents a no-flow boundary in the model with the remaining boundaries

being constant pressure boundaries. This may be modified at a later date

as new test data is gathered to show that different types of boundaries
exist. The model is driven by placing-a source or sink (representing well

s

production or injection, respectively) with the desired strength at a well
node and observing the transient pressure response throughout the field.
Simultaneous production from two or more wells, production from one well
and injection in another, or any other combination placing a source and
sink at different well nodes concurrently may be used. If a constant flow
rate is not used but the artesian flow rate is desired, the interaction
with the well model as described in Section 3.4 must be employed.

3.3 Well Model

A sketch of one of the Raft River Geothermal Wells is shown in
Figure 3 and is fairly representative of all three wells. However,
slight differences do exist between the wells, such as total depth,
casing depth, and in the case of RRGE #3, casing diameter below 1200 ft.

Because of these differences, a well model was developed for each well.

To simplify the well input parameters, all well models were comnstructed

STE Y
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TABLE I

Reservoir Model Properties

KH (millidarcy-ft) 2.28 x 10°
£8H (ft/psi) 1.0 x 1072 |
k (millidarcies) ‘ 456,0* . |
£8 (1/psi) 2.0 x 107°

k = kH/500 £t, f£B = fRH/S500 ft, where H = Aquifer Thickness of 500 ft

TABLE II t

Well Model Properties

k o f.3 Cp o
(BTU/hr-ft-"F) (Ibm/ft7) (BTU/1bm-"F)
Cement 0.7 144 0.20
Sfeel Casing 30.0 490 0.11
Rock (Soil) 1.5

(oc, = 50 BTU/£t3-CF)




-t —
\\\\ Approximate 26-in
N Cement Casing
LS
~ ~
- Y
‘\:\\
\\J
'\\
1000-1t ~
~
Approximate 20-in,
Cement Casing
2000-ft
Carbon Steel Casing
(13 378" OD. 12 174" 1D)
3000-ft
i Drillable
Cement Plug
4000-ft
Sand, Gravel, Quartzite,
Siltstone, Sandstone
11~
Open
Hole
5000~

- 4989-1t

FIGURE 3 - Typical Raft River Geothermal Well

14




S

BTN o i

N G

R kA TR GRERSR

;3 i

¥
3
|

15

from the common two-dimensional, axisymmetric, node-conductor model shown

in Figure 4, with numbers given only for reference. When nodes or con-

ductors were not needed for a particular well model, their properties were
input to render them nonexistent. To account for differences in dimensions
or materials between the wells, node and conductor values themselves were
changed. No vertical conductors were placed in the well models, except
along the well axis, because vertical communication away from the wellbore
was.not considered important. Soil temperatures as a function of depth
away from the well are fairly constant all the time.

Input properties for all the well models' conductors and nodes

representing the cement and steel casings and the surrounding rock are

given in Table II(ZO).

Water properties only were considered temperature

dependent and are given in Table III(ZO). These are pure water properties

and were employed because of the low amount of contaminants in the reservoir
water (V1000 ppm dissolved solids and ~39 cc/liter of dissolved gas)(zs).
The heat transfer coefficient between the water and casing (and

between the water and rock near the bottom of the well) was expressed with

the following equation(lg):

h. D
- = 0.023 (re)? 8 (pry0-4 (9)
where
Re = 22&
u
Cu
e -
and h, =

L .éurface Heat Transfer Coefficient

D = Characteristic Length (diameter of well)
k = Thermal Conductivity
v =

Fluid Velocity
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e e
TABLE 11T
Water Properties
)
Temperature k p Pr pz u
(°F) (BTU/hr-£t °F) (1bm/fe3) (1/°F-£t>) * (1bm/ft-hr)
40 0.325 62. 40 11.60 2.3 x 10° 3.74
50 0.332 62. 40 9.55 8.0 x 10° 3.17
60 0.340 62.30 8.03 18.4 x 10° 2.74
70 0.347 62. 30 6.82 34.6 x 10° 2.37
80 0.353 62.20 5.89 56.0 x 10° 2.08
90 0.359 62.10 5.13  85.0 x 10° 1.85
f 100 0.364 62.00 4.52  118.0 x 10° 1.65
150 0.384 61.20 274 440.0 x 10° 1.05
| 200 0.39 60.10 1.88 1.11 x 10° 0.74
f 250 0.396 58.80 1.45 2.14 x 10° 0.57
| 300 0.395 57.30 1.18 4.00 x 10° 0.45
350 0.391 55.60 1.02 6.24 x 10° 0.38

LT
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p = Density
p = Viscosity
Cp = Specific Heat

Equation (9) was chosen from the many available expressions for the heat
transfer coefficient because of the desirable characteristic that all
properties are evaluated at the bulk fluid temperature. It is based on
turbulent flow for various liquids having Prandtl numbers between 0.7 and
120 in tubes for which L/D >60.

One feature of SINDA~3G that lends itself to the application of the
well heat transfer models is the one way conductor. These conductors,
representing thermal convection resistance in fluid transport, allow a
node downstream to be affected only by the upstream node and not by a node
further downstream from it. Thisl%s particularly useful here for the
nodes along the axis of the well, &ith these one-way conductors used
between water nodes and set one way for injection (downflow) studies and
reversed when production (upflow) is used.

Natural circulation between the axial water nodes in the well was
incorporated to investigate the well temperature distribution during
shut-in (no flow). Well temperature recovery after cold water injection
or well cooldown following production could be found by including the
natural convection conductors along the water nodes. The natural convectiog
heat transfer coefficient used for this was calculated with a modified
version of an expression for air in an enclosed space since Nu (Nusselt
Number = hL/K) vs GrPr for gases and liquids is well correlated over a
wide range of Grashof numbers from ].On5 to 107(20)

. This modified versiog
(20)

is given in the following equation:

7

hL 0.3
T = 0.0&Sl(Gerr) (10)
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h B 2ATL3
where Grb = E—EE———— , Properties Evaluated at
u Bulk Fluid Temperature
h = Total Heat Transfer Coefficient
L = Characteristic Length (distance between
nodes)
g = Acceleration of Gravity
B = Compressibility of Water
AT =

Temperature Difference, and

the remaining variables are as defined in Equation (9). Natural cir-

culation "cells" were set up between nodes with cell height equal to the
distance between the adjacent nodes. This convection cell spacing resulted

in model predicted shut-in temperature distributions that compared favorably

with the data.

In addition to calculating‘the temperature response in each well, the
pressure drop through the well was calculated by incorporating several

hydraulic equations into SINDA-3G. Knowing the pressure drop in the well

was extremely important for "open" (artesian) flow rate studies. When
constant flow rates were used, however, pressure losses were incidental

but calculated for reference purposes.

The total pressure drop through a well is a combination of friction,
static head, and a term that describes the pressure loss for fluid flowing

radially in a porous media toward the well. This last pressure term is

incorporated to account for the pressure loss from a distant point from

the well where the pressure is known, to the well itself. Since the

closest known pressure to any well node is 1400 ft. away (1400 ft. node

spacing in reservoir model), the pressure drop from this point to the well

must be included.
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The frictional losses were combined with the form losses and included

2
in the well model by means of the Darcy-Weisbach Equation< L as follows;

AP, = (£ £+ K) —‘%2— (1L
c
where APf = Pressure Drop Due to Friction and Form
Losses
£ = Darcy-Weisbach Friction Factor
. k = Irreversible Form Loss Coefficient
| L = Well Length
D = Well Diameter
o} = Density
\Y = Fluid Velccity
g, = Universal Gravitational Constant

with £ given by an empirical function for transition flow in commercial

(31)

pipes T

-1.1513
VE = [T Tos ey + (2 SiTRe JED (1)

where e/D = Relative roughness, and Re as defined
in Equation (9).

A form loss k representing pipe casing connections and an entrance con-
traction at the bottom of the well was used in Equation (11). The ¢ in
Equation (12) had a value corresponding to commercial steel pipe (.00015
ft.) for the well casing and a value of .083 ft. for the soil at the well
base. Equations (11) and (12) were applied to the subregions next to each
node so that the temperature dependent density coulq be accounted for by
using the node temperature, and the well diameter and roughness changes
near the bottom of the well could be included. ©Note that Equation (12)

requires an implicit solution scheme.
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The static head pressure drop was obtained by multiplying the
temperature dependent density at each node by the length between nodes and
adding the results to get the total. The pressure loss through the

porous media was found using the following equation:(3)

qun(re/rw)
APy (13)
where APp = Pressure Drop Through Porous Media
u = Viscosity

Q = Flow Rate

re = Distance From Effective Well Radius To Distant
Point Where Pressure Is Known

r, = Effective Well Radius

k = Permeability

H = Reservoir Thickness

A total well pressure drop was calculated by summing the individual

pressure drops;

APtotal = APf + APS + APp (14)

where APS = static head pressure drop. The pressure loss due tc momentum
change was not included in the model since calculations showed it to be
extremely small.

Boundary temperatures at the outer edge of each well model (Nodes
281-297 in Figure 4) were obtained from a combination of USGS data(23)
and cold shut-in temperature distributions from RRGE #1 and RRGE #2. They
represent the undisturbed soil temperatures at depth far removed from the
wells (in this case 1000 ftr.) and are given in Table IV as the well data.

The only other boundary condition necessary for the wells is the atmospheric

well head pressure of 12.5 psia.




TABLE IV

RRGE #2 Shut-In (No-Flow) Well Temperature Distribution-Data vs Model

Depth
(£t)

50
150
250
350
450
750

1250
1750
2250
2750
3250
3750
4250
4750
5250
5750
6250

RRGE #2 Well Data

RRGE #2 Well Model Results

(°F) . (°p)
55 55.2
70 69.6
87 85.9

101 100.5

116 120.8

153 153.5

198 196.7

225 224.6

242 241.9

254 253.6

264 . 263.4

271 270.7

277 276.7

281 . 280.7

282 282.0

284 283.8

294 293.9

22
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When the transient temperature response of any of the three modeled
wells is desired for a particular flow rate, only the well number and flow
rate are used as input variables to SINDA-3G. The code then calculates
all the heat transfer coefficients and friction factors, and the resulting
temperatures and pressure drops are calculated for each time step in the
transient. The hydraulics calculations can be solved directly from the
input flow rate (converted to velocity for the calculations) since the
flow i; constant. Artesian flow rates are not so easily handled because
the flow rate must be determined from the existing reservoir pressure and
the resulting pressure losses in the well. This requires interaction
between the reservoir model and well model as discussed in Section 3.4.

The effective well radius defined in Equation (13) is not always the
radius of the well casing or radius of the well hole at the bottom. It
represents the well radius at the well's production zone and is usually
greater than the physical radius due to fracturing or increased permeability
that has resulted during drilling. A value was found for this parameter
by experimenting with several numbers until the computer code predictions

matched the test data, the result being r, = 2 fr.
(18)

This is not an uncommon

value for wells

3.4 Reservoir-Well Interaction

As described in Sections 3.2 and 3.3, the results of a constant flow
rate input, whether injection (source) or production (sink), are that both
models operate simﬁltaneously within SINDA-3G and produce well temperature
behavior and reservoir pressure behavior independently. When artesian
flow rates are desired, however, interaction of the two models must occur
to obtain a solution. Artesian flow is driven by the net pressure differ-

ence between the reservoir and the well head when the flow valves at the
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well head are completely open. The resulting flow rate is dependent on
the reservoir pressure at the bottom of the well and the total pressure
losses through the well. Since well pressure loss is dependent on flow
rate, and flow rate is in turn dependént on well pressure loss, an iterative
solution is used. Reservoir pressure information and well pressure loss
information are needed together to converge on an artesian flow solution.
The initial procedure in finding the artesian flow rate for the
current time step is to average the current reservoir pressure around the
well, obtained from the reservoir model, and subtract the well head
pressure {(well model) from this average to obtain a total pressure drop,
APtotal' The next step is to calculate the statié head, the friction
pressure loss employing the flow rate from the previous iteration (this
would be zero on the first iteratiqn per time step), and the term
uln(re/rw) , which is the right haﬁd side of Equation (13) without the
2mkH .
flow rate. Then, the sum of the friction loss and static head is sub-
tracted from APtotal’ and this result, divided by uln(re/rw) , gives a
2rkH
new flow rate Q. If this new flow rate is not within 17 of the flow rate
calculated in the previous iteration, then the two flow rates are averaged
and the result is used for another iteration. When the flows agree
within 1%, the new flow rate Q is used as the flow over the entire time
step as the input flow to the well model and the reservoir model. Figure

5 is a flow chart of these steps.

3.5 Model Verification

Verification of the Raft River reservoir pressure and well heat
transfer models was made by comparing the computer results with actual

test data (see Appendix A for testing procedures). In some instances the

computer model input properties were modified, based on early data, and
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then left untouched for future predictions. 1In all cases these property
changes were made so that the model results would match the early data

and, in effect, fine tune the medel to account for a recognized reservoir

phenomenon not previously incorporated into the node-conductor scheme.
This phenomenonwill be discussed later. All test data used to verify the
model had been taken continuously for a periocd of three or more days since
shorter term test data was often fragmented with periods of flow, then no
flow,.then flow again, etc. The SINDA-3G models developed here were never
intended to predict short tramsients but were designed for predictions on
a long term scale.

Figure 6 shows the drawdown (actual water level decline around the
well) in RRGE #1, with flow at RRGE #2, during an actual flow test and
compares it with the SINDA-3G ré§ervoir model result., Figure 7 gives the
actual RRCGE #2 flow rate used for the test and the reservoir model flow
rate. This test was run to determine the level of communication between
RRGE #1 and RRGE #2.

During the same flow test the drawdown in the flowing well, RRGE #2,
was monitored, and the test results and model results appear in Figure 8.
Again the test and model flow rates are given in Figure 7. To achieve
this good drawdown match, the permeability and porosity values around the
flowing well in the reservoir model were modified by changing the conductor
values immediately adjacent to the well node and the volume capacity at
the node itself. In both cases the values were decreased but represent an
accepted well-reservoir occurrence. The éermeability and porosity decrease
are due to positive skin effect, a marked flow restriction around many
wells.(25’26) More specifically, skin effect should be thought of as the

result of formation damage adjacent to the wellbere.
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FIGURE 6 - RRGE #1 Drawdown for RRGE #2 Flows Given in Figure 7
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Figure 9 shows the data from a pump flow test at RRGE #1, with the
drawdown measured at RRGE #1, and the reservoir model comparison. The

actual test flow rate and the flow rate used for the reservoir model are

presented in Figure 10. For this case the conductors in the model adjacent

to the RRGE #1 node and the node volume had to also be decreased to achieve

the good match. The justification for doing this is as previously discusseq.

The property changes to the reservoir model in and around the well
placement nodes were made so that model results would match the test data
for each well individually, but were permanently included in the total
reservoir model as local irregularities in an otherwise homogeneous reservoir
for all future calculations. Their presence in the model does not effect
the results of other model predictions as confirmed by Figures 6, 8, and
9. These model results were cobtained with the property changes around the
two well nodes already incorporate@.

Figure 11 gives the results of a well model temperature response at

a constant flow rate from an initially undisturbed well. No test results

are available for this type of transient since the constant monitoring of
the wells and the ongoing lab experiments of the geothermal fluid produce

a continucus flow of approximately 10 gpm through the wells and keep the

wells relatively hot all the time. However, the transient shown in Figure

11 appears reasonable, and the fact that the steady-state temperature of
the water exiting the well in the model ‘equals the actual steady-state

well head water temperature adds credibility to the well heat transfer

model. Further verification is obtained by comparing the shut-in well

temperature distribution data with the computer well model prediction, as

given in Table IV. The test data in this case was taken during the rare

instance of a steady-state undisturbed well.
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Artesian flow rate transients, as predicted by the computer reservoir
and well models, appear in Figures 12 and 13 for RRGE #1 and RRGE #2,
respectively. Again, no good test data is available for comparison since
initial flows at the wells often result in flashing at the well head
orifice used to determine the flow rate. The computer predictions,
however, exhibit the expected early rise in the artesian flow rate as the
water temperature in the well increﬁses, and the logical flow rate de-
crease'as the reservoir pressure declines due to flow., The flow then
steadies as the reservoir pressure reaches a pseudo-equilibrium and the
water temperature in the well is very nearly counstant. The artesian flgoy
rate predicted by the model after about 1 hour equals the observed artesiag
flow rate from the wells in the absence of flashing.

At this point predictions éqom the computer models developed match
all meaningful well data, and it‘can be assumed that long term predictiopg

made using the model will be accurate. However, the lack of complete

- Fiow Rate (gpm) -

definition of reservoir boundary conditiqns, due in most part to the lacg
of knowledge concerning underground fault locations and recharge zones,
make reservoir pressure response predictions uncertain for transients
lasting greater than approximately one year. The longer transientg can be
greatly effected by these boundary values. Test data is taken on a cop-
tinuing basis, and this data should, in the near future, give clues astoﬁ
the nature and extent of the physical boundaries. Incorperation of such ..
information in the model will make longer predictions more credible,
Presently, test data from RRGE #3 is incomplete and comparisonxdxb
the models has not yet begun. When sufficient data is gathered, the

results will be incorporated into.the models.
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4.0 DISCUSSION

The comparison of test data from two wells at Raft River with the
results from the computer models of the wells and reserveir is acceptable,
as seen in Section 3.5. Property modification in the vicinity of the
wells in the reservoir model not only accounts for the good match but
further enhances the model performance by including the effect of a
physical phenomena that would otherwise not have been included.

Although the ;urrent models include the effects of two wells only,
the RRGE #3 well model is now being incorporated on SINDA-3G, and data is
becoming avallable for use in further extending the reservoir model. As
new wells are drilled, they will also be modeled on SINDA-3G. Their
physical location on the reservoir model is limited only by the total
number of nodes represented in the reservoir. This limitation could be
nullified by increasing the node-~conductor reservoir network.

The coarseness of the reservoir model (1400 ft. node spacing) does
not affect the model accuracy; only the resolution suffers. A node-
conductor model of the reservoir set up with a 50 ft. node spacing to
verify this showed no decrease in accuracy. Should better resolution be
needed by the positioning of wells at an interval less than 1400 ft., the
reservoir model could be changed easily to accomplish the new well spacing.
Totally random well positioning could also be handléd since SINDA-3G is
not restricted to an even array of nodes. The current reservoir model was
constructed on a regular node pattern merely to simplify input.

The reservoir node-conductor network was set up with four conductors

attached to each node. This in effect allows a particular node to inter-

act with only four adjacent nodes directly. However, because of homogeneity

of the actual reservoir, a more intimate node relationship is.unnecessary.

¢
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Temperature variations between the three existing wells are so
slight that the reservoir is considered isothermal. Over the past one and

one-half years there have been no temperature changes at the bottom of

RRGE #1 and RRGE #2 which could have resulted from cooler recharge water
(from run-off, streams, etc.) mixing with the hot reservoir. For these

reasons, no heat transfer was incoporated into the reservoir model. At

this time, the only foreseeable reservoir temperature changes are those
resulting from cold water injection as "used” geothermal water is returned ;
to the reservoir. Its effect on production well temperature should not be
felt for many years based on the current conditions and properties at Raft

River. A discussion of injection well-production well interaction is

given in Appendix D.

A SINDA-3G program listing of the combined reservoir model and well 2

models appears in Appendix B. The user's manual describing model input

needed to run the program is contained in Appendix C.

5.0 CONCLUSIONS AND FUTURE WORK

SINDA~3G has proven to be an extremely flexible tool for describing
the total response of a single phase geothermal reservoir. It was success- “

fully used for describing the temperature response of the Raft Riverwellsin

addition to calculating the reservoir pressure behavior. However, extended

long term predictions of the Raft River reservoir, using the computer

models, hinges on describing the boundaries. Plans are currently being
made to run a series of long term flow tests which would demarcate flow
barriers encountered over the flow period. Recharge boundaries are more
difficult to determine and may be only estimated from geological data and
run—-off figures. Studies to determine this are not presently being done

but are under consideration for future work.
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New wells are being planned at Raft River, especially wells for
reinjection, and will be added to the cﬁmputer models as they are drilled.
Codes specifically designed for prediction of injection well-production i:
well communication of the relatively cool water from the injection wells
to production wells are to be obtained from the University of California
at Berkeley (Lawrence Berkeley Laboratory) in the near future to comple-
ment the current reservoir model.

Cenerally, the long term performance of a geothermal reservoir is
not predicted prior to exploitation for energy uses. However, the current
Raft River reservoir and well models show great promise in changing this :

trend and thereby producing valuable information for future energy decisions

for this geothermal resource.
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A-2
Almost all tests run at Raft River for the purpose of data acqui-

sition are performed in a different manner with no firm procedures used.
This appendix, then, will explain briefly the general guidelines used
for testing and the recording of data.

Figure 14 is a schematic of a typical well head piping tree for the
Raft River wells. A 3-3/8 in. orifice plate is used to create a pressure
drop, measured with a differential pressure gauge, from which the liquid
flow rate is calculated. When flashing cccurs at the orifice, flow
ratés cannot be found since calibration of the orifice was based on
liquid flow. Flow rate data is taken by hand with flow rates determined
from the pressure differential reading using an equation relating flow

to pressure drop.

Early well head pressure measﬁrements were made by a Bourdon gauge

placed on a2 nonflow leg of the tree. Data was taken by hand, reading
the well head pressure (pressure above atmospheric, psig) directly. At
present this pressure is measured by a Paroscientific Digiquartz pressure

transducer connected to a constant monitoring Paroscientific digital

display.

Pressures in the well are obtained from a Hewlett-Packard Quartz

Crystal pressure transducer hooked by cable to a Gearhard-Owens digital

readout terminal above ground. This allows constant monitoring while

saving the data on strip chart recorders and printed tape. Temperatures

are alwo recorded with a thermocouple attachment on the quartz crystal.
For a typical flow test at Raft River, the well head pressures and

pressures in the well vs time for both the flowing well and observation

well are recorded. 1In addition, the well head temperature and flow rate

at the flowing well are measured continuously for the test duration
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FIGURE 14 - Typical Raft River Geothermal Well Piping Tree
and Instrumentation
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The flow rate is regulated by a valve, as shown in Figure 14, to any

desired flow rate up to the artesian (maximum) flow. Typical exampleg

of test data are explained in Section 3.5 and shown in Figures

6 throuﬁ ’
10.
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APPENDIX B

Reservoir Model and Well Model
SINDA~3G Program Listing



BCD 3THERMAL LPCS

BCO 9 VERTICAL-HORIZONTAL GEOTHERMAL FLOH MODEL
END '
#CD 3NODE DATA

REM %%x% DIFFUSION NODES #%%%

REM WELL WATER NODES

GEN 01,17+01;30009leslerlosrle

REM WELL STEEL CASING NODES

GEN 21517:01:300eslesloslovle

GEN 41 3174301 ¢300esloyloarlosle

REM WELL CONCRETE NODES AT 20 INCHES

GEN 61,17;01,300e9lesloslosle

REM WELL CONCRETE NODES AT 26 INCHES

GEN 817,06,015300.9.0loslesle

REM WELL SOIL NODES AT 26 INCHES, BELOW 1000 FT
GEN 87111'0113000 vlotlo.loylu"

REM WELL SOIL NODES AT 50 'INCHES

GEN 1014175014300 eslaslenslasle

REM SOIL NODES AT 10 FT (100 FT SPACING)
GEN 121+055015300.92.62E0551e91a91-

REM SOIL NODES AT 10 FT (500 FT SPACING)
GEN 126412+01,300.91.31E06s1asleslo

REM SOIL NODES AT 25 FT (100 FT SPACING)
GEN 141105,01'3000)5-75606'1.11011.

REM SOIL NODES AT 25 FT {500 FT SPACING)
GEN 146312,01;300.52.87E0751aplarls

REM SUIL NUDES AT 50 FT (100 FT SPACING)
GEN 161,055,01,300.,1.03E07¢1le9larle.

REM SOIL NODES AT 50 FT (500 FT SPACING)
GEN 166412,01;300.,5.1560731cslavle

REM SOIL NODES AT 75 FT (100 FT SPACING)
GEN 181,05,01 33006 ¢y1.52E0T91lssl el

REM SOIL NODES AT 75 FT {500 FT SPACING)
GEN 186,12,01;300037.61E073le9lesle

REM SOIL NODES AT 100 FT (100 FT SPACING)
GEN 201505501+300.92.01E0751e91lasle

REM SOIL NODES AT 100 FT {500 FT SPACING)
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GEN 206'12,017300011001E0811.91.1[.
REM SOIL NUDES AT 125 FT (100 FT SPACING)
GEN 221,05901;300.;2-5050771.11.yl-
REM SOIL NODES AT 125 FT (500 FT SPACING)
GEN 226912.0113000OIoZSEOBvlo110110
REM SOIL NODES AT 150 FT (100 FT SPACING)
GEN 241705,017300.12.99E0791.91.91o
REM SOIL NODES AT 150 FT (500 FT SPACING}
GEN 246:12:011300.11.50E089l.ulay1e
REM SUIL NODES AT 1000 FT (100 FT SPACING)
GEN 261'05101,300.11.56E107l.yl¢yl-
REM SOIL NODES AT 1000 FT (500 FT SPACING)
GEN 266;129019300.v7.80E1011-91-11.
REM FIELD NODES {(PRESSURES XEPLACE TFMPS)I-SEE ARRAY 6 FOR PRS.
GEN 2001,280501,1c5le9leplssla
GEN 1001)20v011316800-149.583vl-'1ovl.
REM #%%% BOUNDARY NODES X% R
REM WELL SOIL BOUNDARY NODES AT 200 FT DIAMETER
REM SUIL TEMPERATURE AT 50 FT
"281. 52- y]..
REM SNIL TEMPERATHRE AT 150 FT
282y 68yl .
KEM SOIL TEMPERATURE AT 250 FT
-283, 86.51.
REM SCIL TEMPERATURE AT 350 fT
"284' 96.11n
REM SOIL TEMPERATURE AT 450 FT
'285 1105. '1 ®
REM SOIL TEMPERATURE AT 750 FT
—2B6,149.11.
REM SOIL TEMPERATURE AT 1250 FT
-287,200.51
REM SCIL TEMPERATURE AT 1750 FT
—-288;227.51.
KEM SOIL TEMPERATURE AT 2250 FT
—28Y9 42434 ,1
REM SOIL TEMPERATURE AT 2750 FT
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REM
REM
REM
REM

REM
GEN
END
BCD
REM
R EM
REM
GEN
REM
GEN
REM
GEN
REM
GEN
REM
GFN
REM
GEN
REM
GEN
GEN

—-290:254.41.
SOIL TEMPERATURE AT 3250 FT
—29112640710

SOIL TEMPERATURE AT 3750 FT
2929271 a0l

SUIL TEMPERATURE AT 4250 FT
-293;277a4 1

SOIL TEMPLCRATURE AT 4750 FT
-294,287. 51,

SOIL TEMPERATURE AT 5250 FT
“295 ’288- 'l a

SOIL TEMPERATURE AT 5750 FT7
—-29643290.91

SOI L TEMPERATURE AT 6250 FT
=2974¢2%9%.4 1,

FIELD BOUNDARY CONOITIONS, (PRESSURE IN PSFA)
-106194493l9laslesloslorls

3CONDUCTOR DATA

%k CONDUC TORS %% #k

WELL CONDUCTORS

WATEK FILM COEFFICIENTS {(WELLY}

0131701 +0L9015215015leelaolosle

STEEL CASING CONDUCTORS (WELL)
21117'01121001'4[901'15110'luilo

CONCRETE CONDUCTORS, 13,375 IN TO 20 IN (RWELL)
41 31 7501 ¢4)Y 301 961401l csloslonls

CONCRETE CONDUCTORS; 20 IN TO 26 IN {(HWELL}
6140630146101 38150151erlacloaslea

SOIL CONDUCTORS 20 IN TUO 26 IN BELOW 1000 FT (WELLY
679 11901967301e8750)sleslovlosls

SGIL CONDUCTORS 20 IN TO 50 IN
8ls174014819015101,01l5le3l0sleslo

SOOIt CONDUCTORS 50 IN TO 10 FT

101 05,01 101,01 ;3121501107605 0b0sloslo
1069129015106,01,126,0195382-7T3lovloslo

HEM S501IL CUNDUCTORS LO FT T0D 25 FT
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GEN
GEN
REM
GEN
GEN
REM
GEN
GEN
REM
GEN
GEN
REM
GEN
GEN
REM
GEN
GEN
REM
GEN
GEN
REM
GEN
GEN
REM

lZl,DS'OI,121101'141,0171028.6y1.,1.gla
126'121011126901'146'0115142o911.01e919
SOIL CONDUCTORS 25 FT TO 50 FT
141,05,01,141’011161.010135997p1.vl.11o
146,12.01,146,011166,01,6798.5,1..1..1.
SOIL CONDUCTORS 50 FT TO 75 FT

161,059,001 9161,015181,01523240451e91asle
166,12,01:,166,01186,01,11622.23lcsls9l-
SOIL CONDUCTORS 75 FT TO 100 FT

181 ,05,01 181 401 920140132760l slerlasle
186.12,01,186.01'206.01,16380¢5,1.ol.vl.
SOIL CONDUCTORS 100 FT TO 125 FT
201.05,01,201,01.221'01,4223.6,1.'1..l~
206, 12901.2061019226101:21118.2vl-.vlo 1le
SOIL CONDUCTORS 125 FT TD 150 FT
221,05501,221+01924150145169:3sloslovls
226.12,01,226701;246:01125846.6:1.11.yl.
SOIL CONDUCTORS 150 FT T0 1000 FY
241,05,01.241,01v261.010496.80,1.'l.yl.
246712-019246;0[!266)01v2484-00v1-71«11-
SOIL CCNDUCTORS 1000 FT TO 2000 FT
261,05,015261+017281,0151359.7¢1asleslo
266.12,01,266.01,286.01,6798.50:l-il.yl.
AXIAL FLOW CONDUC TORS-UP FLOW (WELL)
5000!"171[6'1-

5001 ¢-1641541a

5002+~ 155 1441

5003y~14451351

5004,-13512»1-

50051"12'1111-

5006 4=11,1051.

5007+-10409y 1

. 5008,-09,08451.

5009 ,-08407sl.
5010,-07, 006, 1.
5011 +-06+05+1.
5C124-05+0441.

c-d
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5013 ,-04 303 ,1 .

5014,-03;0241-

5015,~02s013 1%

REM AXIAL FLCWw CONDUCTORS—DOWN FLOW (WELL)

6000,~-01,02,1.

60011“02 '03’1-

60029"‘03;0&713

6003,-04,+0551-

6004 ,—05 406 41 &

6005 1“06:0711-

6006 ,-07,08,1.

6007 9"'08 ;Oq '1-

6008,-09, 10,1,

6009,~10s1LLsl e

6010"‘11 ylZ,lc

60114~12:1341-

GULZ y~13 41441 &

60131—1411511.

60149-15516,1-

60151"‘1611791a

REM AXIAL FLUW CONDUCTORS-NO FLOW IWELL} -NATURAL CIRCULATIUN

7000,01+02y1

1CCL+02,03,1.

7002,403,04,1.

7003 304,051

7004,05,064 1.

TO05,0064,075 10

7006,07,0841.

7007;08,09. 1.

7008,09,10,1.

7009,10:11 1.

70104115121,

701l s12 451351

70125135 L4, 1.

7013451451551, o8]
7014,15,1641. &
7015, 165 17,4 1

REM ETEL N rraareiee o =
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REM FIELD CUNDUCTORS
KeM HUOKIZONT AL CONDUCT GRS {(FIELD)
GEN 2001s19,C1ls20013015,2002:;004)0esleoslonle
GEN 2()21919)\)112021'\)11202210191evlav1sv1.
GEN 2041'191(:1'20"1,011201129\)1ilollﬁylsvla
GEN 2061519y 0152061:0152062:015lasleslecl.
GEN 2051'19901 ,2081pOlyZOBZyOl'l-yloyleylo
GEN 21U1519:01:213150152102,0091esleslaslo
GEN 2121:19501+2121,01,2122:013)asloslosle
GEN 2141y19p01y2141yOnglQZpOlylnpl.'1391.
GEN 2161519, 0142161540192162401 5103l oslorls
GEN 2131,19,01.:2181,01,21825013layleslesla
GEN 2201119101v2201701l2202p'\)111. sloslesle
GEiv 2221,19101'2221'01122221017loy1001-,1-
GEN 224119501 42241 ,01,2242,003levlaglosle
GEN 2261,195,01,2261,50152262:015ko9loslosle
REM VERTICAL CONDUCTORS {FIFLD)
GEN 3001126U,01'ZCUlyOl'ZQZl{Ulyloolopl.,lg
REM BOUNDAKY CONDUCTORS (FIELD)
GEN 10011209011100[q0192001,01'1-,1-11011.
GEN 1001'20,01'106190192261:"lel- slavlosle
GEN 1081.912101,1031{01:20401209 lasloslsvls
GEN 1093412500 4+1093,01,2021420sLesloslaslo
CND -
BCD 3CONSTANTS DATA
ARLXCA,.01000RLXCA,.0100,NLOOP,5000

Le 2 ' $RRGE WELL NUMBER FOR THIS RUN
2:0. $AQUIFER PRFSSURE

3,0, $

490 $WELL HFAD PRESSURE, PSIA

REM SUPPLY K5 ONLY IF INJECTION OR GUTFLOW IS CONST ANT
KEM K5 AND ARRAY 7 MUST BE COMPATIBLE WITH K2001 AND K311

5,415, SWELL FLOW RATE(GPM}, + FOR OUTFLOW

6450, $PERM (DAKCYS) IN REGION OF WELL -
Ty Vo SLN(RE/RW) Z(2%PI*AQUIFER THICKNESS) (1/FT} 4,
8yUo $SHUT-IN PRESSURE, PSFA

9,9, T6262E-03 $CHANGES DARCYS TO (FT#%4)/LBF-HR AT 300F

- I ey - X : — [
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10,4 $# GRAPHS TO BE PLOTTED (MAX=2+4K2000)

11,0. $PLOT COUNTER I1 = 0.
12,51 $NUMBER OF POINTS TO BE PLOTTED
20;. 0180 $PEKM [DARCYS) IN REGION OF WELL #1

REM RE=28.56 FT, RW=2 FT, AQ THICKNFSS=500 FT - WELL #1
21,.00084634 SLN({RE/RW)/ (2%PI *AQUIFER THICKNESS) 1/FT
22,1.60 . $Z STORAGE AT WELL #1
244 .0129 $PERM (DARCYS) IN REGION OF WELL #2

REM RE=26.56 FT, RW=2 FT, AQ THICKNFSS=500 FT - WELL #2
25, .00084634 SUN(RE/RW) /(2%PI*AQUIFER THICKNESS) 1/FT
264557.40 $% STORAGE AT WELL #2
28,.0129 $PERM (DARCYS) IN REGION 0OF WELL #3

REM RE=28.56 FTy, RW=2 FT, AQ THICKNESS=500 FT - WELL #3
29,.00084634% SLN(RE/RW)/ (2%PT %*AQUIFEF THICKNESS) 1/FT
30,57.40 $2 STORAGE AT WELL #3
101,0. $WATER FLOW(LBS/HR)
105 ,500. $AQUIFER THICKNESS (FT)
106, 0. $
107,0. , SWELL HEAD TEMP(T1) AT BEGINNING OF VAR 1
108, 0. : $TITLE COUNTER = 0.
1695 0. $
110,0. $TIMEN(NEW TIME) (SEC)
111, 0. $GRAVITY HEAD PRESSURE DRGP (PSF)
116,0. $FRICTION LOSS PRESSURE DROP  (PSF)
121 ,0. $
126,0. $PRESSURE DROP DUE TO PORCUS MEDIA TERM
127,0. $K7/5X6 AT AVERAGE AQUIFER TEMPFRATURE
134,0, $TOTAL PRESSURE DROP (PSF)
135' Oo 5
136,0. $
141, 0. $TEMPORARY FLOW STORAGE
153,0. $
156 ,0. $
161, 0. $NEW FLOW RATE
170,0. $.5(Q0LD«QNEW) - USED FOR 'OPENFD UP' FLOW
171 ,0. $PRANDTL NUMBER Z

REM IF INJECTIUN OCCURS, K180 MUST BF INPUT

L




REM

REM
REM

END
8CD

18G, 100,

$AVERAGE INJECTION WATER TEMPERATURE

IF QUTFLOW 1S EXPECTED, THEN K181 MUST BF INPUT

181,100,
182, 0.
183:0.
201, 0.
303, 0.
30140,
362, 0.
3034+0.

CONSTANTS 311-315

311,2109
31250
313,0
314,0
315,0
1G0Uy 0.

$ AVERAGE OUTFLOW WATER TEMP (INITIAL GUFSS)
$ .

W P

ARE INJECTION OR OUTFLOW NODES IN FIFLD
$FIRST FLOW NOUDE, USUALLY = NODE K2001
$SECOND FLOW NODE

$ THIRD FLOW NODE

$FOURTH FLOW NODE

$FIFTH FLIOW NODE

$OUMMY. .~

K2000=NJMGER OF NODES WHERE DRAWDOWN DATA 15 DESIRED (10 MAX])
K20Ul-K2010 ARE THE NODES WHERE DRAWDOWN DATA IS DESIRED

2000' 2
2001,21¢C9
2002,2007
2003,0
2004,0
2005, 0
2006,0
2007,0
2008,0
2009,0
2C10,0C

3ARRAY UATA
1
SPACE, 7, END
2
SPACE,7,END
3

$NUMBER OF NODES TO FOLLOW (INTEGER)
$RRGE#K 1

B PP e D o P

$AQUI FER BASE NODFS - WORKING ARRAY
$AQUIFER BASE VISCOSITIES — WORKING ARRAY

$ODARCY TFRM AT BASE NODES -~ WORKING ARRAY

6-4



KEM
REM
REM

SPACEs 75 £ND

4 $WELL HFAD PRESSURE VS. TIME (PSIA)
Uo:lZ.51[.OElO:12.5:END

5 $SURRUUND ING NODES TO INJECTION OR OUTFLOW NODF

SPACE ¢4 2 END

é SINITIAL FIELD PRESSURES{PSIA}-344 VALUES

FIRST 280 VALUES ARF DIFFUSINY NODE PRFSSURES STARTING WITH
2001-2280, LAST 64 VALUFES ARE BOUNDARY NUDE VALUFS STARTING
WITH 1001-1020,1061-1104
2200..2200.'2200.'2200.y2200.12200.,2200..2200.v2200.'2?00.
2200.12200.12200.'2200o92200.;2200.92200.72200.-2200.'2200.
2200-'2200.y2200.-2200.12200.12200.,2200.12200.»2200-:2200.
ZZOO.,2200.,2230.,2200.122009'2200.,2200~v2200.12200.v2200.
2200..2200.:2200.:2200.p2200.pZZOO-'ZPOO.y2200-12200.o2200.
2200..2200.12200.,2200..2200.y?200.12200.,2200992230.v2200.
2200-|2200.!2200.’2200012200.'2200@'22000y2200-'2200.’22000
ZZOO-vZZOO.;ZZOO.922003t2200.y2230¢n2200..2200.|2200gs2200e
ZZUO.yZZUO.oZZOO.,2200=.2200..2200.;2200.-2200.v2200.;2200.
2200.'22009.2200.'2200.,2200.92200.,2200.y2200.72200.'22009
2200.12200.:2200..2200.:2200.12200.'2200.yZZOO.vZZOO.yZZOO.
2200.,2200.,2200..2200.,2200.yZ?OO.yZZOO.,2200.92200.:2200.
2200.,2200av2200.92200.yZZOO°'2200..?200.;2200-92200¢o2200.
2200.,2200.,2200.'ZZOO.yZZUO..ZZOO.yZZOO.,2200..2200.72200.
2200-92200.v2200.y2200.p2200.'2230.,2200.,2200.,?200.92200.
2200092230 492200.922004.42200492230,22200.:2200.2230.,2200.
ZZUO.,2200.,2200.,2200.,2200.,22003,2200.,2200.:2200.-2200,
2200.,2200.12200.y2200..2200.vZZOU.'ZZOO.q2200.v2200.g2200.
2200.,2200.12200.12200.,ZZOO.yZZOO.pZZOO.12200.12200.92200.
2200..2200.»2200..2200.,2200.yZZJO.cZZOO.'?200-1?200.12200.
2200.,2200.,2200,,2200.,2200.,22)0.,2200.,2200..2200.,2200.
2200012200-12200-,22000922006'2200‘12200&'2200.'2200"22000
2200.,2200..2200..2200.,2200°,22003'2200..2200.,2200.-2200.
2200.:2200.;2200.;2200-'2200.'22009'2200.12200-.2200.,2200.
2200.,2200.,2200.,2200.92200.eZZOD.oZZOO.y2200.v2?00.'2200.
22004, 2200092200.92200.4922006 $2200.32200. 32200, 92200.,2200.
2200.52200692200.2200452200.,2200.52200.,92200.92200.,2200.
22000022000 92200. 922000322000 92203.92200,,2200.,2200.,2200.

2200. 22200. ’2200.'2200"2200"2200-!?70”..77(\f\ S, o
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2200.,2200-,2200..2200..2200..2200.,22006v2200.'2200.12200.
2200.,2200.:2200.:2200.pZZOOo,2200.922009y2200oa2200.'2200,
2200«'ZZOanZZOO.vZZOO.'ZZOOa.ZZOO.vZZOO.v2200.12200.v2200.
2200-12200.12200.92200ey2200992200092200.92200-v2200-12200.
2200.92200°:ZZOOe:2200.92200.922009y2200.éZZOO.g?ZOO.vZZOOa
2200=g2200i;2200ﬂa2200.f2200.,2200..2200.12200.a2200@92200.

22000522000 52200. 22000 sEND
7 $INITIAL FLOW RATES IN FIFLDIGPM), - FOR QUTFLOW
REM FLOW RATES START wITH NODE 2001-2280, DIFFUSION NODES ONLY
REM THIS IS THE ONLY PLACF WHERE OUTFLOW IS A NEGATIVE VALUE
009090090030 ’O.'O‘lO.'O-'O.?Oc'Oo'O.'O.100'0000090-005!0~
0000-100 10-'0' 10- )Oo 10- 10. ,Oo 10- yOo '00 10. yOovOo,OepO-'Oc'O.
0.70.;0.10.10.10;00.10.10.10.10.:0..vanOo $006306 9063900904 40
O..Oe.,O...O.n’.).,'\)..O.,yO.'0..0.,0.,0‘.0.,0.'0.00.yO..p(.).,,Oo'O.a
0.10-70-00-10000.v0.10. 906 900 900 306 900 500 50« 00 9009306306 90,
Oc'Oo'Do'Oo'Oo’On!Oo,Ooi”zflSoO’Oo
Qo 3060906 30090040 90 '00‘1'00 50 .
0-10-10-00-90;'().'0' 30.+0. 20e690a90090. 100 90090090a9063900:0.
Oq ,O..O.yO.oO.vO.pO. 10-10090-10510090010-90-)0.'0.'0070.70.
Oo:O.yO.yO.pO..0.10.,0.,0..0.,0.,0.1O.v0.yO.pO.gO.yO.vO.:O.
0-yU.vO.rU.rO-vOoi0-10-10-10.:0.70.70.,0. 900 90e 90¢ 300 3050,
Oo 10- ,Ol 'OQ '09"0‘ 109 104 70' IOQ 10- '06'06’00,0-70 .10.90.'03'0.
0-’00100]00'00'0.900'0090‘ 900 90- 10. ,00 10- 10- yOo 90. )00 10.10e
O.gO.qO.,O.,Og,O.,O.yO.'O.yOnO.vO-yO-vO‘:0.'0- 100?0010-900
0-'0-10. 10.’00 'Oo ’Oo 10- 100 10. 'Oo 'O- 'Oo 70- 'O.yO.yO.yO.yO¢'O.

END ,
8 $BASE NOCE DENSITIFS — WORKING ARRAY
SPACE, 7, END
20 SWATER DENSITY (LBM/FT#%3)-KREITH ,

40.,62.4,50.,62.4,60.,62.3.70.,62.3'80.962.2.900,62.1
100.,62.0,150.:61;2p200.,60.19250.,58.8,300.:57.3
350.¢55.63 400,953,065 END
21 ) $WATER VISCOSITY (L8BM/FT-HR)-KREITH
40-.3.74,50.,3.17.60.,2.74.70.,2.37,80.,2.08,90;,1.85
100.11.65‘150-'1:051200.yo741250‘1.57’3OO¢1045'350~1.38

400. y033 1END
22 SWATER GRASHOF COEFFICIENT (1 /F-FT%%*3)-KREITH
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G0u 85 E63 10003 L1B.OE 6,150 ,440.0F645200051.11E9
40.,2.3E65950498.0E6,6049 18 .466,704534.6F6,80.,56.0F6
2500 2 L4E 9,300 1% 069,350,506 .24F9,400.,8.95E9, FND
23 SWATER PRANDTL NUMBER-KRFITH
600 11 eb350079.55360.,8.03,70.96.82:80.y5:89590455.13
L00erbe5251500 327412000 ¢1.88,2500+1.45,300.51.18
350 05100294006 9273 END
24 $AATER CONDUCTIVITY (BTU/HR-FT—FJ)-KREITH
400903259500 103329600043403704+34778C012353+90.4.359
100 ey 364315005 0384420005 .394425005.3969300.9.395
3500903915400 90381 END
KEM ARRAYS 51-56 FOR dELL DATA
KEM AKRAY S1 IS RRGE #1 NODAL CAPACITOR DATA (WELL ONLY )}, {BTU/F)
REM 102 VALUES, DIFFUSION NODES ONLY
51
GT4Te 4T4To o4T4Te 94747 004T4T44923737.,23737.4237374,23737.
23737012373 70923737.+23737.4237372+1:041.051.0
424342601426 0942% 0142409211944 2119.9211952119.52119,
21196 02174.52230652230431.0,1.0,41.0 '
424 01424 0942%0942G09%24032119.52119.92119.,2119.,2119.
2119 92224 .92330.32330.51.05,1.051.0
5500 955000 155004 355000 15500, 3274984 434956534956 .,34956,
34956.,349560.941 34709477399 47739.91.0,1.0,1.0
841 8e 841 8. ,8418:8418.,8418.,42088.,50587.,50587.,50587.
50587095058 70750587.950587.150537091.0,1.0,1.0
2403164, 9248106.,268164.92481064.9248164.91240820.91240820.
12408200 11240820, ,1240820.,1240320.,1240820.,1240820.
1240682009 Le0y1aUs 1a00END
KEM ARRAY 52 IS RRGE #1 CUNDUCTOR DATA (WELL ONLY), (BTU/HR-F)
KFM 85 VALUES
52
10610091009l e0sleDple0sle0s1e05140,1.0,1.0,1.0,1.0+1.0
1.068,1.068,1.0E8
214538.9214538.9214538.5214538.,214538.,107269C.,51072690.
1072690 41072690, 31072690, ,1072690.+9543425.91041.0

1.06E8,1.CE8,1.0FE8
10936 91093.,1093.,1093.,1093.35466.354660.755466095466.954€6,
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5460.98589., 117124 117)12.+1.068,1.068,1.0E8

16760 31676031676 3167T6. 316766 +8380.517961.417961.517961.
1796L.5 1796109 1796149179610, 17951.,51.0EB,1.0F8,1.0E8

14410y 44103146105 1441.51441.57205.37205449720%657205.,7205,

7205572056 972050 97205 :1.0E8;1.0F8,1.0E8

END
KEM ARRAY 53 IS RRGE #2 NODAL CAPACITOR DATA (WRLL ONLY),{BTU/F)

REM 102 VALUES,y; DIFFUSION NUODES ONLY
53
47470 04T0T e 06T4T 0 96T4T0046T6T092373769237370923737.,23737.
2313703237372 3237370723737 423737.423737.+23737.423737.
424 044240942429 6260y626092119092119652119.52119.,2119.
21190 32119.92174.42230.92230.92230.,2230.
6266942461 42%03%42G0142%0 92119052119, 432119.,2019.,2119.
2119.32119692224.92330442330.52330.52330,
55000 355000 $55000 $5500. 15500, 9274980 334956 ., 34956 .,34956.
34956 .93495605 349500y 41347, 94T739.947739.,47735.+47739.
B418o 184180 384180 98418.,8418.,42088,.,50587.,50587.
50587.450587.,50587, ,50587.,;50587. 150587, y50587.:+50587.
50587.
248164, 1248164, 1248164, 1248164, ,248164.,1240820.,1240820.
1240820,,1240820.,1240820.,1240820.,1240820, 1240820,
1240820,41240820.491240820.5,1240820.5END
KEM ARRAY 54 1S RRGE #2 CONDUCTOR DATA (WFLL CNLY) s (BTU/HR-F)
REM 85 VALUES
£4
1009016051609 1009160¢1609100910091005Le0s10Cpla041.041,0
1.0,1.0,1.0
214538, ,214538. 72145338, 9214538, 4214538.,1072690.,11372690,
1072690,,1072690.51072690.4+1072690.4+1072690.,543425.
1oUslo0,y1.051.0
1093.,1993.01093,51093, 91093, 5466, :5466, 15666¢ 35466,
5466015406435460098569.9 L1 70265117120, 01712.,11712,
16760 310760316766 31676091676.:8380,,17961.5179616,17961,
1756105 1796149 1796109179610, 17961.,317961.517961.,17961,
14410 914%)Lasl46)l e lb4lagltdlay 7205.572054.4 7205.,7205.
720503 7205 97205 472050 37205, 4 7205.37205., 7205,
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END
REM ARRAY 55 [S RRGE #3 NUDAL CAPACITOR DATA (WELL CNLY)(BTU/F)
REM 102 VALUES, DIFFUSION NODES ONLY
55
5034.735034.95034.95034.;5;5034. ¢25171.,12588.,12588,,12588.
12588.312588.,12588.,12588.512588.,:12588.,1.0,1.0
290. 929009290, 9290, 5290, 71452¢ 496046 4960.+960.,960.,960.
G60.5690.53890.9890.71.041.0
290¢ 32900 12906 31290452900 31452:46183.,960.,960,,960.,960.
960.5890.9890.,890.51.0,1.0
5500.98075.980754+98075.:8075.,40376.443279.,55655,, 55655,
55655, 155655.955655.¢59499.959499.959499.,1.0,1.0
8418.,10117.,10117.,101L17.,10L17.4+50587.,50587.,50587.
50587.950587.,50587.,50587.,50587.7:50587.350587e51.0,1.0
248L64. 3248164, 3248164. ,248164.:248164.,1240820.,1240820.
1240820.,91240820.,1240820.,1240820.+124082C.,1240820.
1240820, 31240820.;1.0451.0,END )
REM ARRAY 56 IS RRGE #3 CONDUCTOR DATA (WELL ONLY) , (BTU/HR-F}
REM 85 VALUES
56 .
1:091.0910516051091509100010091a0+1e6091e051.0C451.04160
1.051.0,1.0
322211.+322211. 4322211+ 4322211.,322211.,1611054.,1240823.
1240823.5,1240823.,1240823.,1240823.,1240823.,,62041.4+62061.
62041. 462041 .362041.
16360, 1636.,1636,;1636,,1636.,8181.+4067.,8129, 48129.,8129.
612945812903 L T42044317420.45317420.317420.,17420.
1111.52381.,42381.42381.+2381.,11903.,11903.,48516.,6516,
6516.36916.,6516.96516056516.,6516,,6516, ,6516.
1441 0 914%4Lle 914419 l441ev144L.:720607,7206.,7206.,,7206.,72006.
12060 4 7206, 4 12060 ¢ 712066 3 7206, : 7206, 47206, sEND
REM ARRAY 70 CONTAINS FIELD NODE CAPACITORSIFT%%xS/(LBF)~-280 VALUES
REM CAPACITORS START WITH NODE 2001-2280, BOUNDARY NODES NOT INCL
70
13.61513.61,13.61,13.61513.61,13.61513.61,13.61,13.61,13.61
13.61413.61413.61%13.061,13.61,13.61,13.61,13.51,13.61,13.61
13.61913.61913.61+13:.614513.61,013.61,13.61,13.61,13.61 s13.01
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l3.6lyl3.61ql3.61y13.61.l3.6l113461513.61v13.61v13.6l'l3961
13.61113.61y13.61113.61713.0].,13.61'13.61'13061.,13961113.61
13.61,13.61113.61113.61913.61113.61'13.61'13061'13.61113.61
l3.blw13.61913:»61113-61:13-61v13'61tl3.61913.;61113061113.61
13.61,13.61,13.61,13.61,13.61, 13.61,13.61,13.61:13.61,13.61
lBeélgl3.61113.61gl3.6ly13.61913.61113.61713;61913361113561
13.61'13.61113.61v13.61'l3.61v13.61713.6l'l3obl913.61!13a61
13-61’13061113-61'13361713061113061,13061'13161713061’13¢61
13.61p13.61i13.611l3.6lvl3.61113.61113.61013¢61113.61913961
13.61,13.61,13.61913.61,313.615 13.61,13.61,13.61413.61:13.61
13.61'13.61v13.6l913¢61al3.61p13.61v13-6lv13.61113o61y13.61
13.61+13.61:13.61, 13.01113.61'13.61,13.6].:13.61vl3.61113.61
13.61113.61113.61,13.61'13.61»13.61v13-61y13.61113.61y13-61
13.61113.61913.617139617l3e61113.61113.619l3n6l'l3.61913.61
13061'13.61113¢61713.61113.61113.61713.61'l3.61113.61713:61
13.61pl3.bl'l3.61'13.61913.61113.61p13.61vl3o61v13.61'13.61
l3.61vl3.619l3.6lv’.3.61v13.()l_cl3-61013.61713.61 9313.61513.61
13.51,13.01,13.61,13.@1.r3;61.l3.61,13.61,13.61,13.61.13.61
13.61113.61'13.61'13.61'13.61113.61113.61913.61013‘61y13.61
13.61113.6ly13.6lyl3.61g13.61'13.61113661113.61v13-61v13.61
13.61913.61v13»61113°61'13.61113.61113.61'13.61yl3.61y13.61
13.61713.»61113.;6'1913961113=61v13a611l3¢61 +13.614913.61,13.61
13.61113.61113-61113-61113.61113.61713.61713.61:[3'61013.61
13.61,13.614313.61,13.61,13.61 7 13.614513.614+13.61,13.61513.61
13.61113-61'l3.6lpl3.61713.61113.61713.61,13.61yl3.6l'l3.61
END ) -

KEM ARRAY 71 CONTAINS FIELD CONDUCTURS (FT#%x5/ 1 BF-HR}, 590 VALUES

REM ALL FLD COND®S INCL, START 2001-2279, 3001-3260,1001-1104

REM CONDUCTOR VALUES ARE BASED ON 456 MDARCYS, 1400 FT SPACING
71
2-22612.22612.220:2~22612.22002.226v2-226,2-22672.22602.226
2¢226,2.226;2.226,2;226,2.22692.22612o22612.226'2022612.226
2.226,2-22612.226:2-22612.226;2-22612»226v2o220f2¢226'2.226
2.226,2-&26129226y2.226,2e22612922612.22672.226,2.226'2.226
2.220)2.22612.226y2-22612-22612a226y2.22612.226,2.226'2.226
20226120226’2.226920226'2.226'20226'2522692.226'2.226’2.226
2.226y2-22672.2Z612-22612.220,2.226,2.226,2¢?26'2-22612.?26
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2a226432.22032022092.22642.22642.22692:22642.22642.22642.226
2:0226924226424226492:2206192.22642.22692022692.22692.22642.226
2022602 022642.22642.22642:622042:22632.22652.226492.22692.226
2022632 022642.22692:22642622642:22692.226452022692622642.726
2.22602022642022692:22612:226402.22642.226452.220432022642.226
2.22602022692022692.220692.220642.22692.226432:226,2.22652.226
2062260202264320220492022612.22632:22642:226412.22642.226+2.226
2022092:226520622612022692:22642.226192622642:22692.22642.226
2022632222632 .22602.22652.22692.226432.226472.22692.22642.226
2:22632:22692:22632:.22692022032:226492:226712e226120226432.226
2.22032.2269222632.22092:22692.226320226320226492.22652.226
2022632.22692.22632022642022692+226432.226432.22692.22692.226
2022692.22692422002:22692:226026226192:2261920226192.22642.226
2.22692022652.226720226,2:22642.22642022632:.22€6492.22642.226
2:226926.22642622692:22642.22612:22692.22642.2264222642.226
2022632 022632.22692:2206042.226492:.226792:.22692022642.22642.226
2:22692:226492622642:226¢2:22692:22692:226492022692.22652.226
2022692.22602022612:22692.22692:22612.22612.22642022642.226
2022605222069 20226026:22692:22632.226320226492422642.22652.226
2:22642.22652.22632.22612022642.226+32.226412.22642.226,2.226
2022692:22092:22692:22692:226092:22692.226492:226432.22642.226
2022692:226392:22652.22692.22032:22612.22652.22642.22692.226
202265242269 2.22602:226492:226420226192.22642.226432.226492.226
2022692.226902.22092:22652422602:220632.22602.226132.22642.226
20622642.22692.226¢2.22692.22612.22642.226492.226412.22652.226
2622639 2.22632.2261202264320220692:2261920226492022642.22642,226
2226052622642 022692.226412022632.22692.22642,2264,2,22632.226
2.22692622692:22012:226:92422692622612:226412022642:22642.226
202204202200 2.22592:.22692622692.22012.22642.22602:22642.226
20226 32:22692:22632022642:226432.226432.22642:22642.22642.226
2022692.22612.22612.226102022692.226792022692:22612.22632.226
2226092622042 .226432:22692022602.22692.226412.22692.226:12.226
2022632.22652.22632.22692.220632.22612:22642.22642:22642.226
26022692.220926.22672022632:22002:22612:22642,226,32.22642.226
2'226 ,2-226 '20226'2¢226'25226’ 20226’2.22(?’2-22612 0226’202?6
2:22612.22692.2264920226492.22642.22692.2261920226432.226,2.226
2.22642.22672.22692.22692022602.22632.22692:22692.22642.226
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2022060202261 202264202263206226,92.22642.226712.22642.22652.226
2:022642.22642.22692.22632+22602.22642.22642.22642.22692.226
2022092:22692.226¢2:22642:.22692.226:2.226432.22642.22652.226
202264202269 2:22692:22692022602.22632:22012:2264,2022642.226
20226392:226320:22692:22642.22512.226412.22602.22692.22652.226
2:22602222612022692.22692.226492:226420226492:226432.22642.226
2022692.226492.22692022642:220642.22692022632:22642022692.226
2022632:22642:226924226492.22642:22642.22612.22642.226352.226
2022632.22692.22692.22642.22642.226

¢5373,.537345.53734.5373,.5373,.5373,.5373,.5373,.5373,.5373
©53734.53739.53734.53735.53734.5373+.5373+4.53734-5373+.5373
11135211135 1113011135 11134.2113,.13139.11135.1113,.1113
olll139011139.111390111340111345a1113421113,5.1113,.1113,.1113
ell113, o11135.13135.1113,.1113,.1013y.1213,.111345.101135.1113
elll13,011139611135.1113,12139.11135.111335.111035.1113,.1113

I «11135.1113,.11135.1113,END
REM THE FOLLOWING ARRAYS ARE USED FOR HYDRAULICS CALCULATIONS

S0 $TEMPERATURE(F) - WORKING ARRAY
SPACE+17,END . ‘
91 $ROUGHNESS (FT) - WURKING ARRAY
SPACE,LT,END ‘
92 $LOSS COEFFICIENT-OUTFLOW-INITIAL

021.2 002 '021-2 102’-2' 02' n2’ -21 02' eZ' -27 e?, 029 .2,.2,END
93 $LENGTH (FT)

100.9100.+100.+4100.4100.7500.5500.+500.+500.,500.,500.,500.
500¢ 15000 ¢500. 9500, 3500. 4 END

G4 $AREA (FT*%%2) - WORKING ARRAY

SPACE,L 7 ,END

95 $DIAMETER(IN) — WORKING ARRAY

SPACE, 17, END

96 $DIA/AREA(L/ FT) — WORKING ARRAY

SPACE, 1T,END

97 $ROUGHNESS/(3.,7%DIA) - WORKING ARRAY

SPACE,17,END

S8 $(-0.5)/ALDG1O(A9T) - WORKING ARRAY z
-~

SPACE 17 ,END
99 $L/D - WORKING ARRAY




SPACE L7 ,END
100
SPACE.17,END
1G1
SPACL, 17, END
192
SPACE . 1T :END
103
SPACE 1 74END
104

105
SPACE, 174 END
191
201

291

300

$PRESSURE DROP - WORKING ARRAY

$DENSITY (LBM/FT%%3) - WORKING ARRAY

$NATURAL CIRCULAT ION HEAD (LBS/FT%#%2) - W'K'G AR
WAORKING ARRAY

$FRICTION COEFFICIENT (F*L/0D) -

$LOSS COFFFICIENT FOR REVERSL FLOW-INITIAL

U.’O.'O-'OQ,OQ'OQQO-po010.10o'O-yO.'Oo’O-QU.'OQQO‘QEND

$2%GeAXA (FT*%5/HR*%2) — WORKING ARRAY

$ROUGHNESS—-EPSILON (MICROINCHES) WELL #1

1800- '1800- '18001: '18000 '1800- 918000 !].800. 11800. '1800001800.
1800 .5 1800510000004, 100000044 «0001,5.00015.0001END

$TITLES |

RRGE s FND#, TSEC,GPM,FRIC yHEAD ,PERM,DPT,AQPR,END

$ROUGHNESS—EPSTLON (MICROINCHFS) WELL #2

1800..18C0.91800.y1800..1809.,1800.11800',1800..1300..1800.
1800.,1800.o1800.olODODOO.,1000000.11000000.'1000000.oEND
$TITLES

K30LK302,K303,END

391

$ROUGHNESS-EPSILON (MICROINCHES) WELL #3

1800..1800.,1800.'1800.11800.,1800.11800.;1800.:1800.,1800.
1800 .5 18904+, 1000000.5 1000000 y1000000. 5.0001,.0001 ,END

505

$ABSCISSA{TIME) VALUES

SPACE ,800,END

515

$SORDINATE(FLOW RATE) VALUES

SPACE 800 ,END

525

SORDINATE ( TEMPERATURFE) VALUES

SPACE, 800, END

535

$ORDINATE(DRAWDOWN) VALUES-NCDE K200l

SPACE, 800, END

536

537

SPACE 80U ¢END
S$ORDINATE (DRAWDOWN)} VALUES-NODE K20C3

$SORDINATE{ DRAWDOWN } VALUES-NODE K2002

81-4




MMM

-

10

END
8CD
KEM

SPACE, 800

538

SPACFE ,800

539

SPACE 800

540

SPACE, 809

541

SPACE 800

542

SPACE 4800

543

SPACE ,800

544

SPACE, 800

600

SPACE 800

2000
SPACE,10

3000
SPACE,10

500¢C
SPACE, 10

3EXECUTIUON

4 ok Rk ROk Rk R ok R ROk FEXECUT TON  #ksokokokofde ook sk s s oo et %%

DIMFNSION

- DIMENS TUN

DIMENSTUN
NDIM=5000
NTH=0

CALL ECHC
SET uP wEL
STFSEP(KL,

s END

SORDINATLI(DRAWDOWN } VALUES-NDODE K2004
» END .

$ORDINATEINDRAWDNWN) VALUES-NCDE K2005
s END ’

$ORDINATELDRAWDOWN) VALUES—NODE K2006
¢ END

SORDINATF(DRAWDOWN )} VALUES—-NODE K2007
¢+ END

SORDINATE( DR AWDOWN I VALUFS—NODE K20(8
s END

SORDINATE(DRAWDOWN) VALUES-NODE K2009
s END

$ORDINATE {DRAWDOWN) VALUES—-NQODF K2010
v END .

$COMMON CRDINATE WORKING ARRAY
2 END .

$CONTAINS NODE NUMBERS K2001-K2010
¢ END . :

$INITIAL PRESSURES, NCODES K2001-K2010
s END

$ORAWDOWN s NODES K2001-K2010
s END

X(5000)
TITECLO) o XLABEL(10) s YLABEL( L0} APLOT(500)
OPLOT (5001 3, MESAGEL 20)

L ARRAYS AND CONSTANTS FOR HYDRAULIC CALCULATIOCNS
ITEST) $CHECK WELL FOR THIS ANALYSIS

GO TO (10420930, 1TEST

CONT INUE
STFSQS(12.

254312 4A95+1) SWELL #1 DIAMETERS T8O 4000 FT

AN
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-n

20

30

100

STFSQSU13.375,5,A95+13) $WELL #1 DIAMETERS BELOW 4000 FT

SHFTV(102,A51+1,C1) $WELL #1 NODE CAPACITANCES
SHFTV(85, A52+1,61) $WELL #1 COUNDUCTORS
STFSEP(0.yG5002,G6013,G7013)$WFLL #1 CUT-OFF {NODES 14-15)
SHFTV(17,A191¢1,A91¢1]) $WELL #1 ROUGHNESS

STFSEP (K20 .:K6) ¢PERM IN REGION OF WELL #]
STFSEPIK21L 4K7) $PERM TERM IN REGION OF WELL #1
GO TO 100

CONTINUE

STFSQS{12.254,13,A95+1) $WELL #2 DIAMETERS TO 4500 FT
STFSQS(13.37594+,A95+14) $WELL #2 DIAMETERS BFLOW 4500 FT
SHFTVI(102 ,A53+1,C1) $WELL #2 NDODE CAPACITANCES
SHETV( 89, A54¢1,:G1) $WHELL #2 CONDUCTGRS ’
SHFETV(17,A291+¢1,A9L%1) $WELL #2 ROUGHNESS

STFSEP(K24 s Kb6) $PERM IN REGION OF WELL #2
STFSEP{K25: KT) . .. I $PERM TFRM IN REGION OF WELL #2
GG TO 100

CONTINUE -

STFSQS(12.615,69A95+1) $WELL #3 DIAMFTERS 70 1000 FY
STFSQS(8.921 511 9A95+7) $WELL #3 DIAMETERS BELOW 1000 F7Y
SHFTV(102,A55+1,C1) $WELL #3 NODE CAPACITANCES
SHFTV (85, A56+1,G1) $WELL #3 CONDUC TORS
STESEP(0. ;65001 yG6014,G7014)$WELL #3 CUT-CFF (NODES 15-16)
SHFTV(17,A391+1,A91+1) $WELL #3 ROUGHNFSS

STFSEP(KZ28, Ké&) $PERM IN REGICN OF WELL #3
STFSEPIK29, KT) $PERM TERM IN REGION OF WELL #3
CONT INUE

MPYARY (17 4A95+1 yA95 +1 4 AG4+1)$0%%2 (IN**2)
ARYMPY(17+A9641,3,142,A94+1)8$PI*(D%%2)

ARYDIV(17,A94+1, 576.3 A9 +L 4P 1 H(DX%2)/ (4% 144) (FTk¥2)
DIVARY(17,A95+1.A94+1,A96+1)s(D)/(PI*(D**z)/(4#144))(IN/SoFr)
ARYDIV(L1T7,A96+1y 12.,A06+1)18$D/A (1/FT)

ARYMPY (17 s A9L +1 91 JE~6, A9T +1 ) $EPSTLON TO INCHES

ARYDIV( L74A97+1, 3.7,A97+1)$EPSILON/3.7 (INCHES)

DIVARY (17,A97¢1, A95+1, A9T+1)$EPSILON/(D*3.7)-DIMENSIONLFSS
LOGTARI1 7,A9T+1 4A98¢+1) $LOGLO(EP/ID*3.71})
ARINDV(17,A98+1y —.5 sA98+1)8~-.5/LOGLO(EP/(D*3.7))

0c-¢




[¥S3

REM

REM

REM

REM

DIVARY(17,A93+L JA95+1,A99+1)$L /D (FT/IN)

ARYMPY (1 7,A99+1;, 12.:A99+1)%L /D —-DIMENSIONLESS
AKYPLS(17,A99¢1) sALL L/7D ARE POSITIVE
DIVARY(17,A93¢1,A94+1,A100+¢1)8L/A (1/FT)

ARYPLSU17,AL00+1) $ALL L/A POSITIVE
SUMARY(17,A100+1,K121} SSUMMATION OF L/A
SCALE{243962E-9,K121.K121) $(L/A)/(32.2%3600%%2} {(HR/FT)%%*2
MPYARY (17 +A94+]1 4A94+1, A105+1) $ { AREAX%2) (FT%%4 )
ARYDIV(17,A105+1,1.1981E-945A105+1)$LA%%2)/(1/2G) GIFT/HR#*%2)
SET INITIAL FLOW CONDUCTORS

STFSEP(KS5 ,STEST) $CHECK [INITIAL FLUW

IFESTEST) 14242

INJECTION WATER CONDUCTOR ASSIGNMENT

CONTINUL

CIDEGI{K180,A20,TTEST) $LOOK-UP OENSITY-INJECTION WATFR
MLTPLY(KS yo1337,60.,TTEST,KLOL)$GPM TO LBS/HR
STFSEP(KLIOL+K141,RTEST) $RTEST,K141 = LBS/HR
MLTPLY(RTEST -1 ,RTEST) SRTEST NOW POSITIVE
ARYMPY(16,G6000,RTEST,G6000)$SET CONDUCTOFS = FLOW RATE
STFSQS( 0.0516+G5000) $SET CONDUCTORS ="' 0.0

GO TO 3

OUTFLOW WATER CONDUCTCR ASSIGNMENTS

CONT INUVE

DIDEGL (T1,A20,TTEST) $LOCK-UP DENSITY-OUTFLOW WATFF
MLTPLY(KS5,.1337960,sTTEST,K10]1}$GPM TO LBS/HR )
STFSEPIKLOL +KL4LyRTEST) $RTEST,K141 = LBS/HR
ARYMPY(16,G5000,RTEST,G50001$SET CONDUCTORS = FLCd RATF
STFSQSH 0.+16,G66000) $SET CONDUCTORS = 0.0

CUNTI NUE

PUT BOUNDARY SOIL TEMPS INTU OTHER NIDES AS INITIAL GUESS

STFSEP(T28L+T Lo T21+T41,T61,T8L,T101,T121,T141,T1€1,T181,T7201
T221,T241 ,7261)

STFSEP(T282,T2,T229T42,762,T782,T102,T122,T142,T162,T182,7202
1222 +T242,7262)

STFSEP(T1283,T3,T23+743,763,183,7103,T123,T143,7T163,T1383,T7203
T22347243,7T263)

STFSEP(T284 T4 4T243T443T644T84,T104,T124,7144,T164,T184,T7204

12-€




1224,7244,7264)
STFSEP(1285'T5.T25,T451T65,T85,TlOS.TlZS.T1451T165,T185,T205
1225,T245,T265)
STFSEP(TZdbpr,T26'Téé,Tbé.Tﬂb.T106'T126,T1469T166sT186.T206
T226:7246;T1266)
STFSEP(T287,T7vT27oT47'T67pTB7'T10717127,T1471le7,7[87,T207
T227,T247,T267)
'STFSEP(TZBH,TB:TZB.T#ByTvaTBB.TlOB.7128,Tl#BngbB,Tl88.T208
T228,7248,T2631)
STFSEP(T289,T9,129'T49.T69.T89,TlUQ,T129.T1499T169.T189,T209
1229,7249,T269)
STFSEP(TZQO,TIO,T30yTSO,T?O'T9O,TllO,T1307T15O,T170,7190
T1210,7230,7259,7270)
STFSEP(TZQ[.TllpT31,T51,T7lcT91yTlllyTIBI,T151'Tl71.T191
T211,7T231,725L,7271)
STFSEP(T292,T12,T32,T529T72p792pT112'Tl32.Tl52yTl72,T192
T212,7232,1252,7272)
STFSEP(T293,T13,133,753,T73,793,T113,T133,T153,7T173,7T193
T213,7T233,7253,72173)
STESEP(T294 ,T144T34,754,T744T94,T114,T134,T154,T174,T194
T214+,T234,T254,7274)
STFSEP(T295,T15,T35,755,T75,T95,T115,T135,T155,T175,T195
¥215,T7235,1255,1275)
STESEP (T296,T16+T36,T56,T76,T36,TL16,T136,T156,T176,T196
T2164,1236,1256,7276)
STFSEP( 12974 TLToT37,TSTTTTT97TLLIT,T137,T157,T177,T197
T217,T237,T257,1277) :
SHFTV{280, ATO+1, C200L) $SFT FIELD NODE CAPACITORS
SHFTV(590, AT1lt1, G2001) $SET FIFLD CONDUCTOPRS

REM WELL#1 AT NODE 2067
MLTPLY(K2O0,K9yKLO5,RTEST)
STFSEP(RTESTG2066,52067,63047,63067) $CNGE COND TO K20 PERM

DIVIDE(K224100.4+K22)
MLTPLY(LC2067,K22,02067) $NODE 2067 CAP TO K223
KEM WELL#2 AT NODE 2109

MLTPLY(K24 3K9,KLOS,RTEST)
STFSEP(RTEST,G2108,G2109,63089,63109) $CNGE CUND TQ K24 PFRM
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REM

KFM
REM

REM

REM

REM

CIVIDE(K26,100.,K26)
MLTPLY{C2109,K26,C2109) $NODE 2109 CAP TO K26%

WELL #3 AT NODE 2123

MLTPLY (K28yK9, K105, RTEST)
STESEP(RTEST,62122,+62123,G3103,G3123) $CNGE COND TO K28 PERM

DIVIDE(K30s100. yK30}

MLTPLY (C2123,K30,C2123) $NODE 2123 CAP TO K30%
ARYMPY(344,A6+1 3144.,A641) SFIELD PRESSURES TO PSFA
SHFTV(280,A6+1,T2001) $SET FLD DIFFUSION NODE PRESSURES
SHFTV(44 A6+281,T1061) $SET FLD BOUNDARY NODF PRESSURES

PULL OUT INITIAL FIELD PRESSURES OF NODES K2001-K2010, AND
STCRE IN ARRAY A3000

STFSEP(K2000,ITEST)
BLDARY(A2000+1,K2001,K2002,K2003,K2004, K20051K2006:K2007

K2008,K2009,K2010)
DO 3050 I=1,ITEST ’
JTEST=1
ARYSTO(JTEST KTEST AZOOO+1)
SUBFIX{KTEST, 2001,KTEST)
ADDFIX (1 yKTEST,KTEST)
ARYSTOU(KTEST,RTEST 72001}
STUARY(JTEST,RTEST,A3000+1)

CONTINUE
CONVERT PERMEABILITY(DARCYS) TO FT*%x4/LBF-HR

MLTPLY (K6 +K95 Ké6)
ARYDIV({L17,A95¢1, 12., A95+1) S$CHANGE DIAMETER TD FEET

ARYMPY(ZBO. 7+1,8.022, AT7+1) .., . SCHANGE FLD SOURCES TO FT3/HR
%% % & TIME STEP AND/OR SOLUTION SCHEME * % * *
SCALE({1.0,DTIMEl,1.0,GUTPUT+1.0

TIMEND, 1.0}
CNBACK
SCALE(Ll.0,DTIMEL24.,0UTPUT 24,

TIMEND; 624.)

CNBACK
Wk & f & & & % %k & & ok ok ok % K % & ok ok & % ok ok ok R Kk Xk X %
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STFSEP(K10,MTEST)
FLCAT (MT EST,STEST)
[FISTEST.GE.1.0) GO TG 50
GO 10 12
50 CCNTINUE
DO 4 I=1yMTEST
READ 22, TITL
READ 224 XLABEL
READ 22, YLABEL
22 FORMAT (10 A4
READ 69 XMIN,XSTEP,XMAX YMIN,YSTEP Y MAX
6 FURMAT(6F10.2)
, READ 13, MESAGE

13 FORMAT(20A4%)

e STFSEP(K12, ITEST)
[F{l1.EQ.1) GO TO 101
IF(I.EQ.2) GO TQ 102
IFLI.EQ.3) GO TO 103
IF(T.EQ.4} GO TO 104
IF(I1.EQ.5) GO TO 105
IF(I.EQ.6) GO .TO 106
IF(I.EQ.7) GO YO 107
IF{1.EQ.8) GO TO 108
IF(1.EQ.9) GO TO 109
IF(1.EQ.10)G0 TO 110
IF{I.EQ.11)GO TO 111
IF(1.EQ.12)G0 TO 112

101 CONTINUE
SHFTV(ITEST 4A535+1,A600+1)

F GO TU 150

F 102 CONT INUE

SHFTV(ITEST A525+L 4A600+1)
F GO TO 150
F 103 CONT INUE
SHETV(ITEST yA515+1 ,A600+1) .
F GO T0 150
F 104 CONT INUE

T M MR YT T T MW oee T
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106

107

108

109

l4

4

SHFTVIITEST AS36+1,A600+1)
GO TO 150

COGNTINUE

SHFTVI{ITEST yAS3T+1,A0600¢1)
GO TO 150

CONTINUF

SHFETVI(IT EST'AS:‘}dflv/\()()Or[)
GG TO 150

CONT INUE
SHFTVIITEST 4A539+1 ,A600+1)
GO TO 154

CONT INUE
SHFTVIITEST AS40+1 ;AGLOE] )
GU TO 150

CONTINUE

SHFTV(I TEST,AS541¢] A600¢] )
GL TO 150 -
CONTINUE

SHETV(ITEST ;A5942+1 ;A600¢1)
GO TO 150

CGONTI NUE
SHFTV{ITEST A543+ 1,A600¢1)
GQ TO 150

CONTINUE
SHFTV(ITEST:A544+1,A600¢1)
CCNTINUE

N=ITEST

00 14 J=1,N

JTEST=J

AKYSTOUJTESTZRTEST A600¢1)
OPLOT(J)=RTEST
ARYSTO(JTESTSSTEST , AS05+1 )
APLOT(J)=STEST

CONT INUE

WRITE(9) TITL o XLABEL Y LABEL XMINXSTEP, XMAX ;YMIN,YSTEP, YMAX,N
x, APLOT, CPLOT, I yMESAGEMTEST

CCNTINUE

$ORDINATES

$ABCISSA
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F 12 CONT INUE
END

BCD 3VARIABLES 1
KE M s sk dofobokdiok dok ok ook VAR TABL ES 1 ook dodo 2okl e koot ¥ ok o

STESEP(KDS, STEST) $PUT FLOW- GPM INTO STEST
STFSEP{T1,K107) $KLO7=NEWEST WELL HD TEMP
F IF(STEST.LE.0.0) GO TO 49
DIDEGLIKLO7,A20,TTEST) $DENSITY LOCK-UP
MLTPLY(KS5;41337,60.,TTEST,K101) $FLOW RATE TO LBS/HR
STFSEP(K101 KL 41) $K141=K101=FLOW RATE, LBS/HR
F 49 CONT INUE
F IF(STEST.GE.0.0) GO TO 51
STESEP{KLB80,TL) $FIX TL TO INJECTION TEMP
STFSEP{KLB80,K107) $K107=K180=INJECTION TEMP
DIDEGL (KLOT 4A20,TTEST) $DENSITY LOOK-UP
MLTPLY(KS,.1337;60.,TTEST,K101) $FLOW RATE TO LBS/HR
STFSEP(KLO1l+,K141) . $K141=K 101=FLOW RATE, LBS/HR
F 51 CONTINUE )
REM PUT IN INITIAL SOURCE TERMS INTO FIELD NODES
SHFTV (280,A7+1, Q2001) . $PUT SDURCES IN AS Q°S
F IFIDTIMEU.LE-0.0) GO TO 750
REM IF CONSTANT INJECTION OR DUTFLON GIVENSKIP HYDRAULIC CALCS
F IF(STEST) 750,50,750
F 50 CONTINUE
REM *#%% CALCULATE WATER FLOW RATE GIVEN DELTA P %%
STFSEP( K101, K141) $K141=0LD FLOW RATE(LRS/HR)
STFSEPR( Oy C FTEST) SITEST INITIALIZED TGO ZERD
STFSEPL . 1.0y v« K1000) $K1000 SET TO 1.0, VARL ENTRY
F 700 CONT I NUE
DIDEGL( TIMEN, A, K4&) $WELL HEAD PR AT NEWEST TIME
MLTPLY (K& 144 ., K4) $WELL HEAD PRESSURE IN PSFA

REM CALC PE AT 1400 FT FROM FOUR SURROUNDING MODES OF K311

STFSEP(K2001,RTEST}

ADDFIX (1 RTEST,STEST)
SUBF[X(RTESToIpTTEST)
ADDFIX (20, RTEST,UTEST)
SUBFIX{RTEST,20,VTEST}

t
i
]
[=a)

BLDARY (A5 +1 ,STEST W TTEST.UTFRT . UTFECT



52

REM

BLDARY (AS+) ySTEST (TTEST,UTEST,VTEST)
DO 52 IT=1,4

JTEST=1

ARYSTUCJTEST sKTEST s A5+1)
SUBFIX(KTEST, 2001 ,KTEST)

ADDF IX{ Lo KTESTKTEST)
ARYSTO(KTEST,RTEST,T2001)
STGARY(JTEST,RTEST,A5¢1)

CONTINUE
SUMARY ( 4, A5¢1, RTEST) $SUM SUKROUNDING NODE PRESS®S

DIVIDE SUM (IF SURRDUNDING NODE PRESSURES RY 4.0 TO AVFRAGF
RTILEST = KRTEST/64.

STFSEP{ RTEST, K2) $PUT AVE PR IN K2{AQ PRESS}
FIND WELL PRESSURE (PW)

SUBFIX(K31l, 2001, JTEST)

ADDFIX(1l, JTEST, JTEST)

ARYSTOUJTEST, RTEST, T2001})-

CALC AU PRESSURE AT RF=23.56 FT

SUB{K2, RTEST, K2)

MLTPLY(.402 K2 ¢ K2}

" ADD{K2, RTEST, K2)

kLM

REM

KE™

SUB(KZ, Kby~ K134) $K134=AQ PR-WELL HFAD PX

INCREMENT 1 TEST
ITEST=ITEST + 1
#%% SK[P TO HYDRAULIC CONSTANTS CALCULATJCONS *%%

CALL LOSS
SUB(KL34yK111,K1106, K109) $K109=DFLP-{HEAD+FRICT[.N)
DIVIDE(KLO9, K127, - K161) $K161=NEW FLOW KATE (L=3/HR)

COMPARE QOLD{K141) wITH QNEW(KL161) WHERE Q=FLOW RATE(LRI/HR)
SUBIKL4l, KLlb6l, RTEST) $RTFEST=QOULODI(K141)~-QNEW{«]161)
DIVIDE(RTEST, K161, RTEST) SRTEST=RTEST/QNEW(KL&1 !

SETPLSI RTEST) $RTEST=ABS(RIFST)

FLOAT(ITEST, K109) $K109=ITEST.

PRINT{K109, Kléal, KI61) $PRINT ITERATION,;QOLT , 2WEW
ADD(KI4L,K161,K170) $K141+K1] 61

DIVIDE(KLT0 42.5K170) $IK141¢K161)/2. 7
STFSEP( K161, K141) $PUT ONFW IATO FLOW <273 o

e gl



AR i b i

M7,

-

PRV P

75C

1

KEH

REM
REM

KEM

REM

REM

REM

REM

REM

I TERATIGN ALLOWED FOR 50 STEPS ONLY
IF(ITEST.GE.50) GO TO 2

IF(RTEST.GE.0.010) GO TO 1

GO TO 2

CCNT INUE

STFSEP(KL 70 yKL41)

IF FLOWS ARE NOT WITHIN 1.%, 60 BACK TO 700 AND START AGAIN
WITH NEW GUESS=(QOLD+QNEW)/ 2.

GO TO 700

CUNT INUE ,

THE FOLLOWING OPERATIONS PUT NEW WELL FLOW INTO FLOW ARRAY 7
SUBFIX(K311l, 2001, JTEST)

ADCFIX(1, JTEST, JTEST)
DIDEGI(TL, A20, UTEST) $DENSITY AT WELL HEAD

DIVIDE(KL141s UTEST, VIEST) $VTEST=FLOW RATE (F*%3/HR)
MLTPLY(~1o, VTEST,VTEST) $OUTFLOW IS - FOR FIELD
STUARY{JTEST, VTEST,Q2001) $PUT NEW FLOW INTO FIELD
STFSEP(0 .0, - KL000) $ENTER *LCSS* BY VAR2 NEXT
CONT INUE )

SET FLOW CONDUCTORS S

STFSEP(K141, RTEST) $ITEST=FLOW RATE (LBS/HR}
UPFLOW OR DOWNFLOW TEST

TF(RTEST) 5,646

DOWNFLOW [INJECTION)

CONTINUE

MLTPLY(RTEST, -1.0, RTEST) S$RTEST POSITIVE
STESQS(RTEST, 16, G60U00) $SET DOWNFLOW AXTIAL COND®S
STFSQS(0.0y ., 165 G5000) $SET UPFLOW COND = 0.0

GO TG 7 o i

UPFLOW {PKODUCTION)

CONT INUE
STFSQS(RTEST; 16, " G5000) $SET UPFLOW AXIAL COND®S

STFSQSU V.0, 16, G6000) $SET DOWNFLOW COND = 0.0
CONT INUVE

RESET WELL CUT-UGFF AXIAL CONDUCTORS

STFSEP(KIL,ITEST)

GO TO (71347145 7161), ITEST

8C~¢
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T ™

nat

m ™

7132

140

REM

REM

REM

REM

REM

KEM

CONT INUE

STFSEP(0.0,4G5002,G6013, G7013) $WELL #1 CUT-OFF

GO TO 715

CONTINUE

GO TO 715

CONT INUE

STFSEP(0.0,65001+G6014, G7014) $WELL #3 CUT-OFF

CONTINUE

STFSEP(K141, K101} $K10l = FLOW RATE (LBS/HR)
CALCULATE WATER FILM COEFFICIENT

STFSEP(K 101, RTEST) $RTEST = FLOW RATE (LBS/HR)
RTEST=ABS(RTEST)

FIND WATER FILM COEFFICIENT BASED ON AT LEAST TURBULENT FLOW
IF(RTEST.LE.1000.} RTEST=1000.

A FLOW RATE OF APPROX 1000 LB8S/HR CORRESPONDS TO A REYNOLDS
NUMBER OF ABOUT 2000 (FOR T=250F, D=131NCHFS)

EXPNT LY .85 RTESTy - K106} $K106={RTFST)**,.8
DETERMINE HEAT TRANSFER GOEFFICIENT

MLTPLY{K106s .02036,- K106) $KL06=,02036% (RTEST)**.8
THE NEXT THREE CALCS SET HORIZONTAL WELL CONDUC TORS = H#*A
ARYMPY(1T7,A95+14+3.1416, GOl) $PIXDIAMETER (FT)
MPYARY(17,G01,A93+1, GO1) S$PI*DYAMETER=LENGTH=AREA
ARYMPY (174601, K106, GOl) $CONDUCTORS= H%A

THE FOLLOWING CALCS SET UNCASED WELL CONDUC TORS
STFSEP(KL;MTEST) '
GO TO (731,732,740) yMTESY
CONT INUE

STFSEP(G13,G33)
STFSEP(G14,G34)

GO TO 733

CONTINUE -

STFSEP(GL14,G34)
STFSEP(GL5:G35)
STFSEP(G16,G36)
STFESEP(GL17,G37)

GO TO 733

CONTINUE
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- F 733 CCNTI NUE
KEM CALCULATE NATURAL CIRCULATION IN WELL-HORIZONTAL PLATE MODEL

F DU lu0 ITEST=1,106
ARYSTO(I TEST,RTEST, Tl) SRTEST=TOP TEMP
ARYSTU(ITEST,STEST, T2) $STEST=8B0TTOM TEMP
KREM AVERAGE TEMPERATURE = TTEST
F TTEST=(KTEST+STEST} /2. T
DIOEGLITTEST»A22 K109) $GRASHOF CUOEFFICIENT LOOKUP
DIDEGL{TTEST ;A3 K171) $PRANDTL NUMBER LOOKUP
DIDEGL(TTESTsA24%, UTEST) SWATER CONDUCTIVITY LCOKUP
RLM FIND DIOLTA T = TTEST
F TTEST=ABS(RTEST -~ STEST) ~ '
ARYSTO{ITEST, VTEST, A93+1) $VTEST=APPLICABLE LENGTH{FT])
KEM NOTE: DISTANCE BETWEEN NODES 5 AND 6 (WELL) IS 300 FT
F IF(ITEST.EQ.5) VIEST = 300.

MLTPLY(VTESTVTEST,VTEST,RTEST) SRTEST= L¥x3.
MLTPLY({KLO9 yKL71 yRTEST, RTEST) $RTEST=GR*PR*L *%*3,

MLTPLY(RTEST, TTEST, _ TTEST) STTEST=GR*PReL*¥3.%0DELTA T

EXPNTLL.37, TTEST, - TTEST) STTEST=TTFSTH%,37

MLTPLY(TTEST,.048L yUTEST,UTEST) SUTEST=.0481%K*TTFST

CIVIDE(L «y VTEST, VTEST) $VTEST= L/L

MLTPLY(VTEST ,UTEST, UTEST) SUTEST =UTEST/L = H

ARYSTO(ITEST, RTEST, A94+1) $RTEST=APPLICABLE AREA{FT %x2}

MLTPLY (KTEST, UTEST, UTEST) SUTEST=H%A

STOARY(ITEST,UTEST, G7000) $G7000=NAT CIRCULATION COND
F 100 CONTINUE -
F 3 CCNT INUE

STFSEPIKL,MTEST)
GO TO (734,735,737}, MTEST

134 CONTINUE .
STFSEP{0.0,65002,66013:G7013}) $WFLL#Y CUT-OFF
GC TO 736

735 CONTINUE
GG Tu 736

7137 CCNT INUE
STFSEP(0.0,65001 66014 ,G7014) $WELL#3 CUT-0OFF

n

m T T T
0c-4d

136 CONT INUE
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F4999

F4000

STFSEP{K5,STEST)

IF(STEST.FQ.0.)

G0 TO 50600
CONT INUE

DIDEGL (K107 A20,
MLTPLY(TTEST,.1337,

REM GPM
CIVIDE(KLAL »

. KEM FRIC

CIVIDE(K 116,
REM HEAD

DIVIDE(KLLLs
REM PERM

DIVIDELKLZ264
REM DPT

DIVIDE(K 134,
KEM AQPR

ODIVIDE(KZ,

GO TO 4999
TTEST)

60, , TTEST)

TTEST, K141)
144, K116]
L44e s K111}
144y K126 )
1440 s K134)
144., - K2)

$L OOKUP

DENSITY

$TTEST=RHO#*,1337%60.

$CHANGE
$CHANGE
$CHANGE
$CHANGF
$CHANGF

$CHANGF

FLOW RATE TO GPM
FRICTION T0 PSI
GRAVITY HEAD TO PSI
DARCY TERM TO PSI
TUTAL PR DROP TO PSI

AQ PR TO PSI

REM PRINT RRGE, FND#, TSEC,GPMyFRIC,HEAD,PERMyDPT,AQPR

FLOATIKL oK1}

FLOAT(K311,K311)
PRINTL{A201+L,K1;K311sK110,K141,KL16,K111+K1265K134,K2)

FIX(K311,K311)

FIX(K1,K1)

ADODFIX{KLls1oKL1)
STFSEP(KLL1,JTEST)
STFSEP{K 12, ITEST)

[F(JTESTLELITEST)
TIMEND=TIMEN

CONT INUE

DIVIDE(KLL1053600.sK110)
STORMA{JTEST K110,

GO TO 4000

AS054+1,K141,A515+1,T1,A525+]

A5000+1; AS35¢1, A5000+2,A4536+1,A5000+3,A537+1

A500044,A538+1,A5000+5,A539+1,A5000+6; A540¢1

AS5000+T4A541+1,A5000+8,A542¢1,A5000+5;A543¢1

A5000+10,A544+]1)
REM CHANGE FLOW RATE{Kl41)

BACK TO LBS/HR

Te~-4



F5000
¢
F
FoLl
F
Foo2l
F
F 31
F o4l
[.'
Fool2

Ry A ol
Sips e B B -
BB Lot Db

RCM

REM

END
BCD
KEM

REM

KEM

KEM

KEM

REM

REM

REM

P EM

MLTPLY(K141, TTEST, Kl4l) $K141=GPM*,1337*RHO%60,
CHANGE ALL PRESSURE OROPS BACK TO PSF
SCALE(144.9Kllb,K[lb,KllHKllvi1263K1267K134gK134,K2pK2)
CHANGE TIME (K110} BACK TO SECONDS
MLTPLY(K110,3600.5,K110)

CONT I NUE

3VARIABLES 2

g xe o e A oK RROR R Rt kg ok ik ok VAR TABLES 2 ks ok ook ok d bl o ek oo Aok
STFSEP( K101, K141) $K141 = %101 FLOW RATE

ENTRY LOSS

Etassntkksx CALCULATE CURRENT HYDRAULIC CONSTANTS *#oksoitddon
SHFTV{L7s Tlsy A90+L) $PUT WELL TEMPS INTC ARRAY 90

CALCULATE GRAVITY HEAD TERM (CALC FROM APPROX BTM OF CASING?
DIDGII(1T7+A90+1,A20,A101L+1) $DENSITY LOOK-UP :
MPYARY (17,A101+1,A93+1,A102¢1) $RHO * L

STFSEP( KL yMTEST) - $MTEST = WFLL NUMBER
GO TO (11,21,31),MTEST -~

CONTINUE ’

SUMMATION{RHO*L) , WELL #1

MLTPLY( .75,A102+14,A102%14%)

SUMARY (14 ,A102.+1 4 K111}

DIVIDE(A102¢145.75,A102+14)

GO TO 41

CONTINUE

SUMMATION(RHO*L) s, WELL #2

SUMARY (13,A102+«1,K111}

GO TO 41

‘CONT INUE

SUMMATION(RHO*L } ¢ WELL #3

SUMARY(13,A102+1,K111)

CONT INUE

CALCULATE PERMEABILITY TERM
DIDGLI(17,A90¢1,A21,A100¢1) $VISCOSITY LOCK-UP
GO TO(12+22+24),MTEST

CONTI NUE
WELL #1 PERMEABILITY TERM (AVE)} ALONG BASE ;SCALED FRCM 300F

THIC 1< rviecean
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MLTPLY(KL4l , TTEST, Kl4l) $K141=GPM*.1337#RHO*60,
RCM CHANGE ALL PRESSURE DROPS BACK TO PSF
SCALE(144..K1lb.Kllb.Klll:Klll'K126.K1261K134,K134.K2yK2)
REM CHANGE TIME (K110) BACK TO SECONDS
MLTPLY(K110,3600.,K110)
F5000 CONTINUE

END

BCLU 3VARIABLES 2
RE M ook ook dofomeof  gopoox okt VARTABLES 2wk okdobobadcid gobdo s o oo de

STFSEP( K101, Klél) sKl4l = X101 FLOW RATE
F ENTRY LOSS
REM sxkktsokihssk CALCULATE CURRENT HYDRAULIC CONSTANTS Rk R AR
SHFTV{ L7, Tly A90+1) $PUT WELL TEMPS INTGC ARRAY 90

KEM CALCULATE GRAVITY HEAD TERM (CALC FROM APPROX BTM OF CASING)
DIDG1I(17+A90+19A20,A10141) $DENSITY LOOK-UP :
MPYARY {17,A101+1, A93+1,A102+1} $RHO * L

STFSEPIKL yMTEST) ) $MTEST = WEFLL NUMBER
F GO TO (11y21531)4MTEST -
Fo11 CONT INUE .

KEM SUMMATION(RHO*L), WELL #1 ®
MLTPLY( .75,A102+14,A102%14) L
SUMARY (14 sAL02+1 ,KL11) e
DIVIDE(A102¢145.75,A102+14)
F GO TO 41
F 21 CONTI NUE
KEM SUMMATION{RHO%L), WELL #2
SUMARY {13,A102+1,K111)
F GO TO 41
F 31 CONT INUE
KEM SUMMATION(RHO*L ), WELL #3
SUMARY{ 13,A102+1,K111)

F 4l CONT INUE
KEM CALCULATE PERMEABILITY TERM
DIDGLI(L17,A90¢1,A21,A100+¢1) $VISCOSITY LOCK-UP
F GO TO(12+22+2%4)s MTEST
F 12 CONTI NUE

ce-4

REM WELL #1 PERMEABILITY TERM (AVE) ALONG BASE ;SCALED FRCM 300F
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F 760

KEM

FEM
REM

KEM
REM

REM

REM

REM

REM

REM
REM

THIS 1S USEFUL MAINLY FOR INJECTICN FLOW
blDARY(AL+1:Tl4yT34ch41T74yT941T1149T134) $SWELL 1 BASF MONES

CUNTENUE

DIDGLI(TsAL e 19A21,A2¢1) $BASF NODE VISCCSITIFS
DIDGII(T7,AlelsA20,A8+1) $BASE NODE DENMSITIES
ARYMPY(T,A2¢1 KT A3 1) $(LN(RE/RW)/ (25P1#R})I*VISCOSITY
CIVARY(T,A3+1¢AB+1,A3+1] ${LN{RE/RW) 7{2%Pi#B#RATIIZVISC
ARYDIVI{T7 3A3 ¢l yK6 A3 +1) sUIVIDE A3 BY PERMEABILITY
ARYDIV{T7:A3¢1,0.45,A3¢1) $NIY A2 BY VISC AT 300F(HR/FT#%2)
SUMARY (7, A3+1,K127) $SUM TERMS

DIVIDE(KL2T37.,K127) §DI[V SUM BY 7. TO AVE(HR/FT%%2)
GU TO 32

CONTINUE

WLLL #2 PERMEABILITY TERM (AVE)} ALONG BASFSCALED FROM 300F
THIS CALCULATION USFFUL MAINLY FIR INJECTION FLCH
BLUARY (AL+Ll oT16,T36,756,T76,T96,T116,7136) $WELL2 BASE NODLES

GO TU 460

CUNT INUE S
WELL #3 PERMEABILIFY TERM (AVE) ALONG BASF, SCALED FROM 300F

THIS CALCULATION USEFUL MAINLY FUR INJECTICN FLCW
BLOARY (Al+vlsTLE5,T735,755,T75,T95,T115,T135) $WFLL3 BASE NNOFS

G4 TO 4u

CCMT INUE

CALCULATE REYNOLDS NUMBER

DIVARY(17s A96%#1 4A100+1,A103+1) $A103=(D/A)/VISC.
MPYARY (17, A101+1,A105+1,A101+1}) 3A101l= (RHO)*2%¥GHAF®2
MLTPLY(K127vKl4vi126)$K126=K127*FLUH FATE=PERM PF DJROP
CALCULATE FRICTION TERM .

ARYMPY {17, AL03+1, Klal,Al00+1 $2100={{D/AY/VISC)*FLOW RATF
DO 810 KTEST=1,17

TEST FUR TURKBULENT FLUW

ARYSTUL KTEST, RTEST, AlOO+l) SRTEST=ALCO+KTESTI(DV)
TUKBULENT FLOW TEST

[FLABS{RTESTI-2000.)779,779,760

CALCULATE FRICTION FACTORS

TURBULEMNT FLOW FRICTIUN FACTUOR

CONT IMNUE

1
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115
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7179

780

801

gu2z

803

810
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REM

REM

REM

ARYSTOL KTEST, STEST, A9T7+¢1) $STEST=EPS/(D*3.7)
ARYSTOH KTEST, TTEST, A98+1} $TYEST=~.5/(LOGLO( STEST))
LTEST=-0.5/AL0OGLO( STEST+2. 51/ (ABS{RTESTI*TTEST )}
VIEST=ABS(TTEST/UTEST-1.0)
IF{VTEST-.0005)776,776,1775

CONTINUE

TTEST=UTEST

G0 10O 770

VIEST=UTEST=*UTEST

GC TO 780

CONTINUE

LAMINAR FLOw FRICTION FACTOR

[FIRTEST.EQ.0.0) RTEST=0.1

VIEST=64.,0/ABS(RTEST)

CONTINUE
CALCULATE LOSS TERMS & PRESSURE DROPS
ARYSTOH( KTEST, STEST, A99+1) $STEST=A99+KTEST =(L/D)

MLTPLY ( VTEST, STEST, . VTEST) $VTEST=(L/D)*F
IFIRTEST)IB0L,+802,802-

CGNT INUE
PULL INITIAL LOSSES FROM ARRAY — IF ANY EXIST

ARYSTO( KTESTy STEST,AL04+1)

GU TO 803

CONTINUE

ARYSTC KTEST, STEST, A92+1)

CONT INUE .

ADD VTEST, STEST, VVEST) SVIEST=F=(L/D)+INITIAL LOSS
STOARY ( KTESTs VIEST,Al00+l) $STORE LOSS COEFFICIENTS
CONTINUE

DIVARY({17sA100¢1,A101+1,A10041) $ALO00=F*(L/D)/{2%C*RHO¥*A¥*2)
ARYMPY (L7 ,A100+1, KL41,A100+1) $A100=A100%FLOW RATE(LBS/HR ]
ARYPLS(L T, Al00+1) SALL A1Q0 PCSITIVE

ARYMPY (17,A100#1, KLl41,A100+1) $AL00=A100%(FLOW RATE)**2

GO TO (13423425),MTEST

CONTINUE
MLTPLY (.75, A100+1%,AL00+14)
SUMARY ({14 ,A100¢1, KiLl6) $SUM LOSSES, WELL #1

7e~-4g




F 23

nm

815

F
F

£
F6011

END
BCcC
REM
REM
REM

RTM

DIVIDE(ALOO+14,.75,A100+14) \
GQ TG 33 AN
CONTINUE N
SUMARY (13,A100+1, K116) $SUM LOSSES WELL #2\\
GC 7C 33 NS
CONTINUE N
SUMARY(13,A100+1, K116) $SUM LOSSES, WELL #3
CONT [NUE

STFSEP(KL00O0, RTEST)

IF(RTEST.LE.0.0)GD TC 815

RETURN

CONTINUE

MLTPLYl K136, K121, K156) $K156=(L/{A%*G))*CH
ADDI{K111,K116,K126,K156, K134) $K134=SUM OF PRESSURE DROPS

ICUTPUT CALLS
s o ook ok 3 OK o ROK ol ok RO Ok R R OQUTPUT % s sk ook e e ol ook o o ok ook X

MAKE SURE THERE 1S NO PRESSURE BUILD-UP IN AQUIFER [f THERE
ARE NC INJECTICON WELLS

DO 6011 1-1'280

ITEST=1

ARYSTCCITESTRTEST,AT+1)
[FIRTEST.GT.0.) GO TC 6020

CONTINUE

00 6012 1=1,280

[TEST = 1

ARYSTCUITEST ,STEST,T2001)
DELTA=316800.~STEST

IF(DELTA) 6015,6012,6012

STEST = 316800,
STOARY(ITEST.STEST,T2001)

CCNTINUE

CONTINUE

CALCULATE DRAWDOWN CF NQODES K2001-K2010

STFSEPIK2000,1TEST)
DC 5050 I=1,1TEST
JTEST=1

ce-4d



ARYSTO(JTEST KTEST,A2000+¢1)
SUBFIX(KTEST,2001,KTEST)
ADCFIX(1.KTEST KTEST)
ARYSTO(KTEST,,RTEST,T2001)
ARYSTCGUJTEST STEST,A3000+1)

SUBLSTEST,®TEST.TTEST)

STOARY{JTEST,TTEST,A5000+1) $ORAWDOWN(PSFY TN AS000

F50%0 CCNTINUE
ARYCIV{10:45000+1,144.,A5000+1) $DPAWDCKN TO PSI

STFSEP(KL108,STEST)

F TF(STEST.GELL1.0) GO TO 4003
F49301 PRINT 4002
F4002 FCRMAT(1HL , 0% ddkkaoioisddoksor s sgtopdok dddokddakk RAFT RIVER GEOTHE
E CRMAL FIELD AND WELL MODSL kdksddeok ssokodorokodob s o ok dof dok dorlodokok okok ¢ 1717
F 1 /+° RRGE = WELL NUMBER USED IN THIS ANALYSIS?®,
F 2 /" FNDH = HCRIZONTAL FIELC NCODE NUMBER LOCATION OF WELL?,
F 3 /' TSEC = TIME IN SECCNDS®,
F 4 /+* GPM = FLOW RAJTE INTC CR OUT OF WELL IN GALLONS PER MINU
F S5TE "4/+°% FRIC = PRESSURE DROP DUE TO FRICTICN LCSSES IN MWELL (PSI
F €) 'y /ot HEAD = PRESSURE DROP DUE TO GRAVITY HEAD (PSI)?,
F 1 /+' PERM = PRESSURE DFOP CUE TC RACIAL FLOW THRCUGH POROUS M
F BEDIA (PSI) *y/.° DPT = TOTAL PRESSURE COROP (PSI)Y, ’
F 9 /+' AQFR = AQUIFER PRESSURE (PSIA) = AVERAGE OF FOUR SURROQUN
F 1DING NCDES®, ' '
F 2 ///77/+% TIME GIVEN AY BEGINNING OF EACH PRINTOUT IS IN HCURS®,
F 3/7/7)
F4003 CCATINUE
- TGPLIN

TPRINT
F PRINT 4004
F4004 FCRMAT(///7)

MLTPLY(TIMEN, 36004 K11Q) $CHANGE TIME TO SEC {TSEC)

STFSEPIKS,STEST)
F [F(STEST.EQ.0.) GO TO 4005

DIDEG1(KL07,A20, TTEST) $LGCKUP DENSITY

MUTPLY({TTEST:.1337, &0.,TTEST} STTEST=RHO® 1337250,
CIVIDE(KL4l, TTEST, K141) SCHANGE FLOW RATE TQ Gpy

9t-¢




F4000

F400%

END
BCO

DIVIDE(KLLE: l4b.s K11€) $CHANGE FRICTICN TQ pSH

CIVIDE(KLI1l: 144, K111} $CHANGE GRAVITY FEAD 7O PSI
DIVIDE(KLZ2Ey 144 K12€} $CHANGE DARCY TERM TO PSI
DIVIDE(KL134,: 144., K134) $CHANGE TOTAL PR DRCP TC PSI
DIEVIDE(KZ 144, K2) $CHENGE AQ PR TO PSI

PEINT RRGE,FNC#,TSEC sGPMFRIC,HEAD, FFRM,DPT,AQPR

FLCAT(KLKI) .

FLOATIK3L11,K311)

PRIMTL{A201¢1,K1, KleeKllO Klal s K11EsK1 L1 K12€6,K134 oK2)

FIX{K311,K311)

FIX{K1oKL1)

EDDFIX(KLLy1loK11)

STFSEP(KLL,JTEST)

STFSEP(KL2,ITEST)

[FEJTEST.LELITEST) GG TU 4000

TIMEND=TIMEN

CONTINUE

STORMA(JTEST s TIMEN,AS0541,K141,A515+4¢1,T1,4525+¢1
AS5000+1,A535+1,A5000+2,A536+1,A85000¢3,A537+1
A5000+4,A538+1,A5000¢5,4536¢1,A5000+6,A540+1
A50004+7,A5641¢1,A50004¢8,A542+1,A500049,A543+1
A5000+10,A544+1)

CHANGE FLOW RATE(K1l41) BACK TC LBS/H?

MLTPLY(KL141, TTEST, Kl41l) $KL41=sGPM*%,1337%RHO*60.

* CHANGE ALL PRESSURE DROPS BACK TO PSF

SCALE(144.5K116,K116sK111,K111,K126,K126,KL134,K134,K2,K2}
CGNTINUE
ACC(1.0,K108,K108)

3ENC CF DATA

T
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To use the two computer models, both incorporated in a single

SINDA-3G input deck, the user should have at least an understanding of

the SINDA-3G basics. The use of the models is described herein.

CONSTANT 1-

CONSTANT 5-

CONSTANT 10-

Place here the well for which heat transfer calcu-

lations will be performed and temperature response

obtained, e.g., for RRGE #1 place a 1 here, for

RRGE #2 place a 2 here, etc.
Flow rate (gpm) for the well defined by CONSTANT 1.
Use a positive value for outflow (production) and a

negative value for injection. A zero here will cause

(Integer)

artesian flow rate to be calculated. (Real)

Total number of transient parameters to be saved on

Tape 9 for future reference or plotting as defined

belows

1 parameter saved:

v

Drawdown vs. time at node given

by CONSTANT 2001

2 parameters saved: Well head temperature vs time

3 parameters saved:

4 parameters saved:

5 parameters saved:

6 parameters saved:

7 parameters saved:

for well given in CONSTANT 1

Flow rate vs time for well given

by CONSTANT 1

Drawdown vs
by CONSTANT
Drawdown vs
by CONSTANT
Drawdown vs
by CONSTANT
Drawdown vs

by CONSTANT

time at node given

2002
time at node given
2003
time at node given
2004
time at node given

2005

o

CONSTANTC
2000~201¢



T 1ot O L
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c-3

8 parameters saved: Drawdown vs time at node given
by CONSTANT 2006

9 parameters saved: Drawdown vs time at node given
by CONSTANT 2007

10 parameters saved: Drawdown vs time at node given
by CONSTANT 2008

11 par;meters saved: Drawdown vs time at node given
by CONSTANT 2009

12 parameters saved: Drawdown vs time at node given

by CONSTANT 2010

1f, for example, a 6 were placed in CONSTANT 10, then all the para~

meters defined from 6 back to lv(tnclusive) would be saved on

Tépe 9. (Integers)

CONSTANT 12 -~

CONSTANTS
311~315 -

CONSTANTS
2000-2010 -

v

Place here the first n steps in the time step
transient that information is to be placed on

Tape 9 for the parameters given in CONSTANT 10.

{Integer)

List here those reservoir nodes that contain

some source or sink flow (production or injection).

(Integers)

Place in CONSTANTS 2001-2010 those reservoir nodes
whose pressure response transient (drawdown) will be
saved on Tape 9. CONSTANT 2000 gives total number

on nodes desired. (Integers)



C-4
ARRAY 7 - List here, in order from 2001-2280, the flow rates from
the respective reservoir nodes (currently RRGE #1 is node
2067, RRGE #2 is node 2109, RRGE #3 is node 2123).
Production nodes are input with a negative value, injectiop
with a positive value, no flow or artesian flow with a
zero. (All REAL)
In addition to the above, the inclusion of the time step immediately
after YTIME STEP AND/OR SOLUTION SCHEME" in the EXECUTION Subroutine
must be made. A constant time step for the entire transient or changing
time step may be employed. A steady-state solution may be obtained by
using CINDSL in place of the existing CNBACK backward differencing
scheme.

Optional input inciudes arfgy titles for the transient pressure
response data written on Tape 9 for nodes flagged by constants 2001~
2010. These titles will also be written on Tape 9.

The preceding represents the only jalues that'need to be changed
for different runs involving production wells, injection wells, or a
combination of the two. Note that well temperature response may be
obtained for only one well at a time while reservoir pressure response
may be obtained at all reservoir nodes. All other constants and array
values represent particular well and reservoir characteristics that need
not be changed. As new wells are added, though, more constants and
arrays describing them will have to be included. Likewise, if the

reservoir dimensions are changed or more nodes added, or both, then
additional node, conductor, constant, and array data would need to be
included. At the present time all properties are input in feet, hours,
pounds (mass and force), and BTU unless otherwise stated explicitly in

the program deck.

20
20:
20¢
20¢
200
200
200«
200;
200¢
2009
2010.

BCD 34Rps-
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A sample of the input values required to run the transient as given
in Figures 6 through 8 is shown below. This sample calculates the dotted
line portion of these figures only. The input listing in Appendix B
gives the entire deck needed to run this transient.

BCD 3CONSTANTS DATA
'1:2 $ RRGE WELL NUMBER FOR THIS RUN
5;415. $ WELL FLOW RATE (GPM), + FOR QUTFLOW
10;4 $ # GRAPHS TO BE PFOTTED

12,69 $ NUMBER OF POINTS TO BE PLOTTED

311,2109
312,0
313,0
314,0
315,0

FIRST FLOW NODE
SECOND FLOW NODE
THIRD FLOW NODE
FOURTH FLOW NODE
FIFTH FLOW NODE

< o WD A A

2000,2
2001,2109
2002,2067
2003,0
2004,0
2005,0
2006,0
2007,0
2008,0
2009,0
2010,0

NUMBER OF NODES TO FOLLOW
RRGE #K1

L A A AN K WD L Uy D A

BCD 3ARRAY DATA



SSRGS 25

c-6 ;

7 ¢ INITIAL FLOW RATES IN FIELD (GPM) 3
0., 0v) Ouy cuenn. o=b15.0, ceernnn. 0. P
;

BCD 3EXECUTION

REM **** TIME STEP AND/OR SOLUTION SCHEME *%x%
SCALE(1.0,DTIMEI,1.0,0UTPUT,1.0 .
TIMEND,1.0) . |
CNBACK )
SCALE(1.0,DTIMEIL, 24.,0UTPUT, 24, :
TIMEND,624.)
CNBACK

The optional titles weré not used in this particular example in the
SINDA-3G run but were added in a plotting program that used the values
on Tape 9 to generate Figures 6 th;bugh 8.

In rare instances the user may ;ish to run transients (or steady-
state solutions) that have not been previously discussed, such as injection
followed immediately by production from the same well, or a shut-in (no-
flow) well temperature distribution. These‘ﬁypes of problems require

program modification and will not be reported here.
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D=2
The reservoir model developed for Raft River did not take into
account temperature effects. The apparent homogeneity of the reservoir,
as evidenced by the almost identical temperatures at well bottom in the
three wells (3°F total temperature difference), was the main reason for
choosing a simpler model accounting for pressure effects only. Cold

water reinjectiom, though, may upset this reservoir balance and render

the constant temperature assumption invalid. However, this appendix

will show that reinjection is only a minor concern of localized nature.

(27)

Lauwerier addressed the problem of describing the reservoir
temperature response to injection of hot water into an oil bearing

layer. His method was general enough to apply the results to cold water

injection into a geothermal reservoir. The basic assumptions in Lauwerier's

1
!
1.
1
i
i

.
§

!
1
|

model were that the thickness, permeability, and porosity of the reservoir

.

were uniform, and that a constant injection rate was maintained. 1In
addition, the thermal conductivity of the porous media reservoir was

constant and equal to that of the caprock (rock formation above and

below the porous reservoir). The thermal conductivity in the

direction of flow was assumed to be zero indicating that hegt transfer
in the flow direction occurred only by the physical fluid movement in
that direction. Finally, the temperature across the fluid face was
assumed everywhere constant, and the fluid and porous media were always
in thermal equilibrium.

Figure 15 shows a vertical cross section in the x~y plane of

Lauwerier's model. Water of temperature T, is pumped at a constant rate

0
into an injection well located in a reservoir initially at temperature

Tl = (0. The water may flow only in a layer of thickness 2b at a temperature
T

1’ which is constant at any cross section and only dependent on the

distance x from the injection well.




X=z0
TeT, t Caprock
Y=bY
T=T
e Water in -
\ Porous Media
N T T= T‘
X X+ A X
i t
-
Y =z .b J
l Caprock
g T=T,
X
FIGURE

15 ~ Reservoir Thermal Front Model Used by Lauwerier
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The actual problem was formulated as follows:

A horizontal water layer
x >0, -b <y <+b

is enclosed in caprock of initial temperature T, = 0.

2 The temperaturé

0of the water layer is initially Tl = 0. Afcer time t = 0, the boundary

x = 0, -b<y<+b
is kept at a counstant temperature TO by injection of water of temperature
TO at a rate of Vw at the wellbore so as to convect heat in the x-direction.

Heat is transferred at the water layer-caprock interface

x >0, f = b (symmetric half layer)
by conduction through the caprock. For simplification, it is assumed
that there is no heat conduction in the x-direction, and that the reservoir

porous media (sand, etc.) is in thermal equalibrium with the water.

With these assumptions, a heat balance is applied to the hatched region

v

of Figure 15;

BTl aTl aTz
bplcl ot * bprwVw ox k(ay y=b =0 (D1)
where pw = Water Density

Cw = Specific Heat of Water

Vw = Linear Water Velocity

k = Thermal Conductivity
t = Time
x,y = Spatial Cartesian Coordinates

and olCl = (l—f)osCs + fowa (D2)

RN,
o

S

[RC R SI

Lot

i

Fo



where f = Porosity
oy = Porous Media Density
CS = Porous Media Specific Heat

In the caprock, the normal equation for heat conduction holds;
2 (p3)

assuming that the porous media and caprock have identical properties.

Introducing the dimensionless variables;

pr cv
- W W W
x mk g
y = bn
2
t=bp1C1T
k
0y
8 = =2
pSS

allows the problem to be expressed in the following set of equations;

2

3°T 3T
2 2
For %ﬂ‘ > 1 g —— = —X
an2 T
8T2 . STZ ) 3T2 =0
For ‘n‘; 1 9T 9E an
1%
TO if £ < 0
For T =0 Tl = TZ =
0 if £ > 0

The solution may be obtained by applying twice a Laplace transform

to T, (see Reference 29 for details) giving for the water layer temperature;

- . -
T, =T, erfc{ =y UCT gﬁ (D4)



where U is the unit function defined as

0 for z < O
u@z) = 1 for z > 0

The preceding steps have been taken directly from Lauwerier's work with
slight modifications given to the symbols to represent the current
gecthermal application. A more appropriate form of Equation (D&) is

given as follows;

T, - T, ©.cH> ;o -1/2

1 i = erf x W W £ - 171 X (05)
T, - T, SY\2ov ko C b C ¥

0 i w s s WowW w

where Ti = Tl(O) (#0 as in original development)

and Tl is the temperature at the production well a distance x from the

injection well for;

x P11 (D6)

In other words, the effect of cold water ‘reinjection will not be felt

by a production well until time t as defined in Equation (D6).
Applying Equation (D6) to the Raft River Reservoir produces an

interesting result. Using the following conditions representative at

Raft River;

0 C, = 50.0 BTU/ £ 3-0F (20)
o C = 59.0 BTU/ft3—°F(20)
W W
£ = 20739

gives, from Equation (D2);

plCl 51.8 BTU/ft™-"F

n

PP IENE Y. 5 NAS Ot
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The last term on the right-hand side of Equation (D6) is then;

Considering for a moment that RRGE #1 is a reinjection hole and RRGE #2
a production hole, then x in Equation (D8) equals 4000 ft. The average

velocity, < Vw >, of the injected water in the reservoir is:

R
o
- A 2
<V R jf mrh OF (D7)
R
W
RO = Radial Distance from Injection to Production Well
Rw = Effective weil'Radius
Q = Injection Flow Rate
H = Aquifer Thickness (2b in Lauwerier's Model)
with;
R = 4000 fc.
ol
Rw = 2 fr. (see Section 3.3)
4 = 500 fe. 18

and assuming Q = 1000 gpm
then Equation (D6) calculates that the production hole will not be
influenced by the injection hole cold water for 83 years. This is far
longer than the typical 30 year useful life of any power plant if,
indeed, the Raft River Resource were to be used as such.

(29)

A recent investigation by Bodvarsson addressed directly the

cold water injection problems in geothermal reservoirs. His work will




D-8

K
!
1

not be discussed here except to say that the results show even greater
times for injection well influence than those calculated using Lauwerier's
procedure.

Clearly, the model developed by Lauwerier is highly simplified, as
was Bodvarsson's theoretical analysis. Nevertheless, it is possible to
apply these models and formulas in order to obtain semiquantitative
estimates of the éold water injection phenomena. Both of these models
indicate that cold water reinjection at Raft River will not influence
production well behavior for long periods of time and should not effect
reservoir behavior except in localized regions near the reinjection

wells.
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