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Figure 6.1: Mass flow vectors in bleed operation (25% bleed). The vectors are enlarged 

for clarity. The maximum flow (near the suction inlet) is 0.1803E-4 m/s. 
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Figure 6.2: Head Contours in normal operation (no bleed). 
 
 

Figure 6.2 shows the (dynamic) head distribution in normal operation. In this figure the 
neutral point is indicated by the zero head contour intersecting with the borehole wall 
approximately halfway down its length. 
 
Figures 6.3 and 6.4 show borehole operating temperatures over the length of the 
borehole. Fig. 6.3 represents data on Jan 28, when peak heating-load occurs, and Fig 6.4 
on July 15 at peak cooling demand. The temperature in the dip tube (suction temperature) 
variation along the borehole can be seen to be non-linear. This variation in temperature is 
due to heat transfer between the fluid in the suction pipe and the surrounding fluid in the 
borehole. This heat transfer results in a depression of the exiting fluid temperature during 
heating mode, and an increase in temperature during cooling. This heat transfer is 
therefore generally detrimental to SCW efficiency. 
 

Head = 0 
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Figure 6.3: Borehole temperatures when peak heating load occurs. 

 
 

Borehole temperatures with peak cooling load
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Figure 6.4: Borehole temperatures when peak cooling load occurs. 

 
 

Figure 6.5 shows the suction and discharge temperature over the whole year of operation, 
along with the building loads. The difference between suction and discharge temperatures 
coincides with the building loads shown in the lower part of Figure 6.5. Notice that the 
fluid temperatures at the end of the year are very similar to those at the start of the year. 
This is due to the balanced nature of the building load. 
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Figure 6.5: Borehole suction and discharge temperatures and building  

loads for base case. 

6.2 Parametric Study Results 
In the parametric study only one parameter value was varied in each case, relative to the 
base case. The computationally intensive nature of the calculations has meant that it has 
not been feasible to make calculations with every combination of parameter values. 
Accordingly, in the presentation of the results we show firstly how the maximum and 
minimum exiting fluid temperatures from the standing column well vary with a single 
parameter. These data are given in tabular form in Table 6.1. These temperatures have 
also been plotted against each parameter and are discussed in the subsections 6.2.1-
6.2.15. 
 
In an attempt to correlate changes in parameter values with effective changes in design 
borehole length a number of simulations were made using the base case but with different 
borehole lengths. The results of these calculations are shown in Fig. 6.6 in terms of the 
corresponding minimum and maximum temperatures. These data have been used to find 
linear relationships between minimum and maximum temperatures and borehole length. 
We can then estimate (assuming this relationship to be linear in all cases) the effect that 
each parameter variation has in terms of the design well depth. This data is presented in 
the right-hand column of Table 6.1. 
 
The method used to calculate and apply the relationship between temperatures and 
equivalent borehole length is described as follows. The linear correlations between the 
fluid temperatures and length are assumed to have the form: 

 
LCCEWT ⋅+= 21max       (6.1) 
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LCCEWT ⋅+= 43min       (6.2) 
 

The constants found from the data shown in Figure 6.6 have the values: 
  1C  = 46.67, 2C  = -0.0604; 

   3C  = -5.78, 4C  = 0.00372. 
The design conditions are: 

Summer: EWTmax = 32°C,  
Winter: EWTmin = 6°C. 
Ldesign = 317m 
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Figure 6.6: Relationship between EWT and length of borehole. 

 
 

 
 

For other cases, we assume the slopes of all the curves are the same with the one of 
base case, so that: 

LCCEWT ii ⋅+= 2,1max,    (6.3) 

LCCEWT ii ⋅+= 4,3min,    (6.4) 
 

The constants iC ,1 , iC ,3 for each case are obtained from maximum/minimum EWT 
difference between the given case and base case. We can then use equations 6.3 and 
6.4 to find the equivalent length. 
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Table 6.1 

Parametric study results – effect of parameter variations on minimum and 
maximum exiting fluid temperatures and design length. 

 

Parameter 
Varied 

Case name
Parameter Values 

(Units) 

Max. Exiting 
Fluid 

Temperature  
ºC (ºF) 

Min. Exiting 
Fluid 

Temperature  
ºC (ºF) 

Equivalent 
Design 
Length 
m (ft) 

 W/mºC (Btu/hr.ft.ºF)    

kt2 2.5  (1.44) 27.9 (82.3) 5.7 (42.3) 331 (1086) 

Base 3.0  (1.73) 26.6 (79.9) 6.4 (43.6) 317 (1040) 

T
h

er
m

al
 

co
n

d
u

ct
iv

ity
 

kt3 4.3 (2.48) 23.5 (74.3) 7.8(46.0) 281 (922) 

 ºC/100m (ºF/100ft)    

n2 0.3 (0.17) 26.6 (79.9) 6.42 (43.6) 317 (1040) 

Base 0.6 (0.33) 26.6 (79.9) 6.44 (43.6) 317 (1040) 

N
at

ur
al

 
g

eo
th

er
m

al
 

g
ra

d
ie

n
ts

 

n3 1.8 (1.0) 30.0 (85.9) 9.58 (49.3) 298 (978) 

 J/m3ºC (Btu/ft3.ºF)    

s2 2.13E+06 (31.8) 27.0 (80.7) 6.24 (43.2) 322 (1056) 

Base 2.70E+06 (40.3) 26.6 (79.9) 6.44 (43.6) 317 (1040) 

S
pe

ci
fic

 
he

at
 

ca
pa

ci
ty

 

s3 5.50E+06 (82.0) 25.3 (77.6) 7.15(44.9) 297 (974) 

 m  (in)    

d2 0.1398 (5.5) 26.2 (79.2) 6.31 (43.4) 320 (1050) 

Base 0.1524 (6) 26.6 (79.9) 6.44 (43.6) 317 (1040) 

B
o

re
h

o
le

 
d

ia
m

et
er

 

d3 0.1778 (7) 27.5 (81.4) 7.08 (44.7) 281 (922) 

 Bleed rate (%)    

Base 0 26.6 (79.9) 6.44 (43.6) 317 (1040) 

b4 2.5 20.9  (69.7) 9.11 (48.4) 245 (804) 

b5 5.0 17.4 (63.3) 10.9 (51.6) 197 (646) 

b1 10.0 15.0 (59.0) 11.4 (52.5) 184 (604) 

b2 15.0 14.1 (57.4) 11.5 (52.7) 181 (594) 

B
le

ed
 r

at
e 

(t
w

o-
ye

ar
 o

pe
ra

tio
n)

 

b3 20.0 13.7 (56.6) 11.6 (52.8) 179 (587) 

 m (ft)    

Base 0 (0) 26.6 (79.9) 6.44 (43.6) 317 (1040) 

c4 60 (197) 26.9 (80.4) 6.54 (43.8) 320 (1050) 

c3 90 (295) 27.1 (80.8) 6.44 (43.6) 317 (1040) 

C
as

in
g 

de
pt

h 

c2 160 (525) 27.3 (81.2) 6.33 (43.4) 314 (1030) 

 m (in)    

Base 1.50E-03 (0.06) 26.6 (79.9) 6.44 (43.6) 317 (1040) 

h2 3.00E-04 (0.01) 27.0 (80.5) 6.06 (42.9) 327 (1073) 

h4 3.00E-03 (0.12) 26.8 (80.2) 6.37 (43.5) 319 (1047) S
ur

fa
ce

 
ro

u
g

h
n

es
s 

h3 9.00E-03 (0.35) 26.2 (79.2) 6.51 (43.7) 315 (1033) 

© 2002. American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). For personal use only.  
Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE’s prior written permission.



R&D Studies applied to SCW design             Results 
 

1119-RP DRAFT II FINAL REPORT  86  

Table 6.1 Continued 
Parametric study results – effect of parameter variations on minimum and 

maximum exiting fluid temperatures and design length. 
 

Parameter 
Varied 

Case name Parameter Values 

Max. Exiting 
Fluid 

Temperature  
ºC (ºF) 

Min. Exiting 
Fluid 

Temperature  
ºC (ºF) 

Equivalent 
Design 
Length 
m (ft) 

 m/s (gal/day/ft2)    

kh3 1.00E-06 (2.118) 25.0 (77.2) 7.25 (45.0) 295 (968) 

Base 7.00E-05 (148.23) 26.6 (79.9) 6.44 (43.6) 317 (1040) 

H
yd

ra
u

lic
 

co
n

d
u

ct
iv

ity
 

kh2 1.00E-04 (211.8) 24.6 (76.4) 7.09 (44.8) 299 (981) 

 m (in)    

d4 0.0762 (3) 26.5 (79.6) 6.54 (43.8) 314 (1030) 

Base 0.1016 (4) 26.6 (79.9) 6.44 (43.6) 317 (1040) 

d5 0.1143 (4.5) 26.8 (80.2) 6.33 (43.4) 320 (1050) 

D
ip

 tu
b

e 
 

d
ia

m
et

er
 

d6 
0.1016 

(insulation different) 
28.5 (83.3) 5.56 (42.0) 340 (1115) 

 m (ft)    

L1 240 (787) 32.6 (91.1) 2.81 (37.1)  

L2 280 (919) 29.4 (85.0) 4.78 (40.6)  

Base 320 (1050) 26.6 (79.9) 6.44 (43.6) 317 (1040) 

L3 360 (1181) 24.6 (76.4) 7.74 (45.9)  

D
ep

th
 o

f 
 

b
o

re
h

o
le

 

L4 400 (1321) 23.2 (73.7) 8.76 (47.8)  

 Rock type    

Base Karst limestone 26.6 (79.9) 6.44 (43.6) 317 (1040) 

kt4 Dolomite 34.4 (93.9) 4.23 (39.6) 376 (1234) 

kt5 
Fractured igneous 
and metamorphic 19.4 (67.0) 9.38 (48.9) 

238 (781) 

D
iff

er
en

t r
oc

k 
ty

pe
 

kh4 Sandstone 21.3 (70.3) 8.57 (47.4) 259 (850) 

 Bleed rate (%)    

L1 0 32.6 (91.1) 2.81 (37.1)  

L1_bt3 5.0 (Dead-band) 31.3 (88.3) 3.66 (38.6)  

L1_bt1 10.0 (Dead-band) 32.0 (89.6) 3.49 (38.3)  

B
le

ed
 c

o
n

tr
o

l 

L1_bt1_t 

10.0 
(Temperature 

difference) 
21.4 (70.5) 5.53 (42.0) 

 

 Reverse     

No reverse Base 26.6 (79.9) 6.44 (43.6) 317 (1040) 

R
ev

er
se

 
 

Reverse Reverse A 25.8 (78.4) 5.66 (42.2) 335 (1099) 
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Table 6.1 Continued 
Parametric study results – effect of parameter variations on minimum and 

maximum exiting fluid temperatures and design length. 
 

Parameter 
Varied Case name Parameter Values

Max. Exiting 
Fluid 

Temperature  
ºC (ºF) 

Min. Exiting 
Fluid 

Temperature  
ºC (ºF) 

Equivalent 
Design Length 

m (ft) 

 Bleed rate (%)    

Base 0 26.6 (79.9) 6.44 (43.6) 253 (830) 

b4(2) 2.5 20.5 (68.9) 8.79 (47.8) 211 (692) 

b5(2) 5.0 16.9 (62.3) 10.4 (50.7) 187 (614) 

b1(2) 10.0 14.5 (58.1) 11.3 (52.3) 176 (577) 

b2(2) 15.0 13.8 (56.8) 11.7 (53.0) 174 (571) 

B
le

ed
 r

at
e 

(o
ne

-y
ea

r 
op

er
at

io
n)

 

b3(2) 20.0 13.4 (56.0) 11.8 (53.2) 253 (830) 
 

© 2002. American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc. (www.ashrae.org). For personal use only.  
Additional reproduction, distribution, or transmission in either print or digital form is not permitted without ASHRAE’s prior written permission.



R&D Studies applied to SCW design             Results 
 

1119-RP DRAFT II FINAL REPORT  88  

  
6.2.1 Thermal conductivity  
Figure 6.7 shows the variation of the minimum and maximum exiting fluid temperatures 
with rock thermal conductivity. The data shows a reduction in temperature swing over the 
year with increasing thermal conductivity. This trend can be expected and is similar to 
the behavior of closed-loop U-Tube heat exchangers. When extracting heat from the 
ground in the winter higher thermal conductivities result in the temperature back to heat 
pump being higher. Conversely, when rejecting heat into the ground in the summer, 
higher thermal conductivities result in the temperature back to heat pump being lower.  
Increasing thermal conductivity allows greater heat fluxes along the borehole wall for the 
same temperature rise. Hence higher thermal conductivities are advantageous.  
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Figure 6.7: The effect of thermal conductivity of rock on the water  

temperature back to HP 
 

6.2.2 Specific heat capacity  
Figure 6.8 shows the variation of the minimum and maximum exiting fluid temperatures 
with rock specific heat capacity. When extracting heat from the ground in the winter 
higher specific heats result in the temperature back to heat pump being higher. 
Conversely, when rejecting heat into the ground in the summer, higher specific heats 
result in the temperature back to heat pump being lower. Higher specific heat capacity 
means the thermal capacity of the rock is larger, and under a given heat flux (load), the 
temperature change of the rock is smaller. The higher specific heat capacity leads to 
increase the damping of dynamic changes in the borehole temperatures. 

 
6.2.3 Geothermal gradients 
Figure 6.9 shows the variation of the minimum and maximum exiting fluid temperatures 
with rock thermal temperature gradient. Higher thermal gradients result in higher mean 
rock temperatures over the length of the borehole. This would be particularly true for 
deeper wells. The data shows that when heat is being extracted or heat rejected, the 
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higher natural geothermal gradients lead to the higher water temperatures back to heat 
pump. The performance of SCW would improve (in the winter) or degrade (in the 
summer). This is probably advantageous in most applications, in which the design 
considerations are based on heating conditions. 
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Figure 6.8: The effect of specific heat capacity of rock on the water temperature 
 back to the HP. 
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Figure 6.9: The effect of natural geothermal gradients of rock on the water temperature 
back to the HP. 
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6.2.4 Rock hydraulic properties 
Figure 6.10a shows the variation of the minimum and maximum exiting fluid temperature 
with rock hydraulic conductivity. Moderate effect on the maximum and minimum exiting 
water temperature can be seen at higher hydraulic conductivity (casekh2, [Kh=1.00E-04 
m/s]) and at the lower hydraulic conductivity (case kh3, [Kh=1.00E-06m/s]). It could be 
expected that at higher hydraulic conductivities the resulting increased advective flow 
would lead to improved performance. However the results show that when hydraulic 
conductivity is increased, the maximum performance is found some way between the 
maximum and minimum values of this parameter. In order to investigate the effect of the 
hydraulic conductivity further, calculations were made for five cases using a two-week 
operation period. 
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Figure 6.10a:  The effect of hydraulic conductivity of rock on the water 
temperature back to HP 

 
There are two modes of heat transfer along the borehole wall between fluid and rock:  
advective and convective heat transfer. As fluid flows down the borehole a boundary 
layer is formed at the borehole wall resulting in convective heat transfer. As the borehole 
wall is porous further heat transfer takes place by advection of fluid into and out of the 
rock. As the hydraulic conductivity increases the corresponding advective heat transfer 
increases. However, as the flow into and out of the rock increases the fluid flow vertically 
in the borehole reduces. 
 
The heat transfer due to the two modes of heat transfer at the borehole wall has been 
calculated for each component and is shown in Fig. 6.10b. It can be seen that as hydraulic 
conductivity increases advective heat transfer increases. Convective heat transfer 
correspondingly decreases. As both these modes of heat transfer are of similar 
magnitudes there is a noticeable trade-off in heat flux as hydraulic conductivity is 
increased. Above in intersection of these curves (approximately Kh = 2.0E-5 m/s) 
advection heat transfer is dominant. Correspondingly, below this intersection convective 
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heat transfer is dominant. The total heat flux – due to both modes of heat transfer – 
therefore reaches a minimum near the intersection. This accounts for the fact that the 
exiting fluid temperatures calculated (Fig 10a) show a maximum between the minimum 
and maximum values of hydraulic conductivity. It should be noted that different borehole 
configuration (e.g. borehole diameter) would give different critical value of the 
intersection C and that it might still be desirable to have high hydraulic conductivity for 
other reasons. 
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Figure 6.10b:  Heat transfer rate along borehole wall in the different cases+ 
 
+All the data in this Figure are generated by two-week (336hours) simulation with fixed water temperature 
(39.4ºC [103ºF]) into borehole. All the data are corresponding to the last time step (336th time step). 
 
6.2.5 Borehole surface roughness 
Figure 6.11 shows the variation of the minimum and maximum exiting fluid temperatures 
with borehole wall surface roughness. Increased surface roughness increases the borehole 
wall’s surface area and promotes local turbulent flow at the wall of borehole, which 
should augment the heat transfer – resulting in a moderating effect on maximum and 
minimum exiting temperatures. This trend is seen in Figure 6.11, however, the effect 
does not seem to be significant compared to that associated with other design parameters. 
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Figure 6.11: The effect of roughness height of borehole wall on the water  

temperature back to the HP. 
 
6.2.6 Borehole diameter  
Figure 6.12 shows the variation of the minimum and maximum exiting fluid temperatures 
with borehole diameter. In order to enhance the turbulent flow in the annular area in the 
borehole, it is desirable that the annular area should be smaller than the area inside the 
tubes. Figure 6.12 shows that there is only little difference between cases with different 
diameter of borehole 
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Figure 6.12: The effect of borehole diameter on the water 

temperature back to the HP. 
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6.2.7 Casing depth 
The variation of the minimum and maximum exiting fluid temperatures with casing depth 
is shown in Figure 6.12. Increasing casing depth can be seen to increase maximum and 
decrease minimum exiting fluid temperatures. The heat exchanger performance is 
degraded with increasing casing depths. This might be expected as the casing restricts the 
ground-water flow around the well. Clearly, no ground-water can infiltrate into or out of 
the well over the depth of the casing. Overall Advective heat transfer will consequently 
be reduced. The effect however, is not as significant as might be expected. This effect 
might be more noticeable in rocks with higher hydraulic conductivities.  
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Figure 6.13:  The effect of casing length on the water  

temperature back to the HP. 
 
 
6.2.8 Dip tube insulation and diameter 
Two cases were used to examine the effects of different levels of dip tube insulation (i.e. 
thermal conductivity). The variation of the minimum and maximum exiting fluid 
temperatures for these cases is shown in Figure 6.14. The variation of the minimum and 
maximum exiting fluid temperatures with dip tube diameter is shown in Figure 6.15. 
 
The results for case d6 – with higher dip tube thermal conductivity – in Fig. 6.14, show 
greater maximum and lower minimum exiting fluid temperatures compared to the base 
case. As noted in the discussion of the well temperature distribution (Section 6.1), heat 
transfer between the fluid in the suction tube and the fluid surrounding the dip tube is 
detrimental. Consequently higher dip tube thermal conductivities can be expected to 
show poorer SCW performance. The effect shown in these cases however is not that 
great. 
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The dip tube diameter parameter was varied between 76 and 114mm (3-4.5in) in the 
parametric study. This changes the annular area noticeably when the borehole diameter is 
156mm (6in). However, the results shown in Fig. 6.15 show that this parameter has had 
little effect on the SCW performance when varied in this range. 
 

 

0

5

10

15

20

25

30

Base d6

Case name

W
at

er
 t

em
p

er
at

u
re

 b
ac

k 
to

 
H

P
(º

C
)

32

41

50

59

68

77

86

W
at

er
 t

em
p

er
at

u
re

 b
ac

k 
to

 
H

P
(º

F)

Minimum Temperature to HP Maximum Temperature to HP
 

 
Figure 6.14:  The effect of thermal insulation of the dip tube on the water 

temperature back to the HP. 
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Figure 6.15: The effect of diameter of dip tube on the water 

temperature back to the HP. 
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6.2.9 Bleed rate 
The bleed parameter calculations were made by making a two-year simulation, with no 
bleed in the first year, then introducing a constant bleed rate in the second year. The 
variation of the minimum and maximum exiting fluid temperatures with bleed rate is 
shown in Figure 6.16. The results show how significantly the minimum and maximum 
temperatures can be moderated by introduction of bleed. As the bleed rate is increased 
the minimum and maximum temperatures approach the far field temperature. This effect 
can be seen to be non-linear. This in itself might be expected (in the mathematical model 
the advection term of the energy equation makes it non-linear – without this term the 
equation is linear with constant coefficients). The most significant changes compared 
with the base case (zero bleed) occur in the range 0-5%. From this data it could be argued 
that there is little advantage in increasing the bleed rate beyond ten percent. There are 
diminishing returns with higher bleed rates as increased bleed results in higher pump 
energy consumption. 
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Figure 6.16: The effect of bleed rate on the water 

temperature back to the heatpump. 
 
The effect of varying borehole depth at different bleed rates is discussed in section 
6.2.15. 
 
 
6.2.10 Borehole depth  
The variation of the minimum and maximum exiting fluid temperatures with borehole 
depth is shown in Figure 6.17. Borehole depth was varied from 240-400m (787-1312ft) 
(with the loads kept the same) in the parametric study. As borehole depth is reduced the 
amount of load applied per unit length of borehole increases accordingly. Changing the 
borehole length in this range can be seen to have a significant effect on exiting fluid 
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temperatures. The trend is also slightly non-linear. This might be expected as, in addition 
to the load per unit depth changing, end effects become more significant at reduced 
depths. Also, as a temperature gradient is applied the mean ground temperature becomes 
lower with shorter depths.  
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Figure 6.17: The effect of depth of borehole on the water 

temperature back to the HP. 
 
The effect of varying borehole depth at different bleed rates is discussed in section 
6.2.15. 
 
6.2.11 Rock type 
Although some of the previous cases deal with variations in individual rock thermal 
property variations (i.e. thermal conductivity or specific heat), three cases have been 
included where the hydraulic conductivity, thermal conductivity and porosity are all 
varied. The values of these parameters have been chosen to be representative of particular 
rock types. The base case has properties representative of karst limestone. The additional 
cases are representative of dolomite (case kt4), fractured igneous rock (case kt5) and 
sandstone (case Kh4).  
 
The minimum and maximum SCW exiting water temperatures are compared in figure 
6.18. In these cases the most significant variations are in thermal and hydraulic 
conductivity. Even though the fractured igneous rock and sandstone cases have the 
lowest hydraulic conductivity, they both perform better than the base case. This is 
presumed due to the fact that they have the highest thermal conductivity. Similarly, the 
dolomite case performs poorly and has the lowest thermal conductivity. The effect of 
thermal conductivity is more dominant than that of hydraulic conductivity.  
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Figure 6.18: The effect of rock type on the water temperature back to the HP. 

 
 
 

6.2.12 Bleed control strategy 
The variation of the minimum exiting water temperature with different bleed control 
strategy is shown in Figure 6.19. Although the deadband control and temperature-
difference control strategies were arranged to give bleed for the same number of hours, 
the temperature difference control gave a slightly higher minimum temperature. The 
minimum water temperature back to HP with no bleed was calculated to be 2.0 ºC 
(35.6ºF). This implies, in fact, that at this time water temperatures in the annulus of the 
well are below freezing point.  
 
For the calculations where deadband and temperature-difference bleed control was 
modeled, the minimum water temperature back to the heatpump was increased to 5.4 ºC 
(41.7ºF) and 5.9ºC  (42.6ºF) respectively. In these cases the minimum temperature in the 
borehole annulus was always above freezing. The result for the calculation with constant 
bleed is included in Fig. 6.19 for comparison. The minimum temperature in that case was 
10.3ºC (50.5ºF). If the primary concern is to avoid freezing of the borehole intermittent 
bleed may suffice and constant bleed is probably unnecessary. 
 
Although the total hours the pump ran was the same in controlled bleed cases, the hours 
when the pump ran were different. Some small difference in results could then be 
expected due to the dynamic nature of the system and changing loads. The results may 
show lower return temperatures for the temperature-difference control in other cases with 
different load profiles. 
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Figure 6.19:  The effect of different bleed control strategy on the minimum water 
temperature back to HP in winter ( January and February) 

 
Figure 6.20 compares the exiting water temperature in non-bleed operation with 
deadband bleed control operation over the first 800 hours. The times at which bleed 
begins or stops are also indicated.  Figure 6.21 shows the relations between the 
temperature difference and the bleed period in temperature-difference bleed control case.  
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Figure 6.20: Comparison water temperature back to the heat pump between non-bleed 
case, constant bleed and deadband bleed control case.  
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Figure 6.21: Entering-exiting fluid temperature difference during the heating season 
under temperature-difference bleed control showing the points at which bleed was 

activated. 
 

 
6.2.13 Reversed flow configuration  
Two cases including base case were used to examine the effects of reversed 
configuration. Water was drawn from the bottom of the borehole and discharged near the 
top in the base case, but was drawn from the top of the borehole in reversed case and 
discharged at the bottom.  Figure 6.22 shows the variation of the minimum and maximum 
exiting water temperatures for these cases. The results suggest that reversing the 
configuration has a small effect on the SCW performance.  As temperatures are shown to 
be higher in the base case, this would seem the logical configuration for heating-load 
dominated buildings (as is found in practice). Reversed flow may be beneficial in 
buildings that are more dominated by cooling loads. The heat transfer mechanisms can be 
expected to work in much the same way in both arrangements. Heat transfer between 
water in the dip tube and the surrounding water in the annulus of borehole works against 
the overall SCW capacity in both cases. 
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Figure 6.22: The effect of reversed configuration on the minimum and maximum water 
temperature back to HP 

 
 
 
6.2.14 Impact of well bore diameter on storage capacity 
The minimum and maximum exiting fluid temperatures in certain installations are 
thought to be particularly sensitive to the peak loads. In these cases it may be that 
performance may be improved as the volume of water in the system is increased. With 
higher system water volumes peaks in temperature should be damped by the increased 
thermal capacity. In standing column wells a large amount of water is contained in the 
borehole and this volume changes dramatically with borehole diameter. 
 
To investigate this effect calculations were made for two weeks of the year (in January 
and July) using shorter time steps (hourly) and with borehole diameters of 150, 175 and 
200mm (6, 7 and 8 in.) diameter. The resulting temperature profiles are shown in Fig 
6.23 for the hours in January, and Fig. 6.24 for the hours in July. In both heating and 
cooling modes larger borehole diameter is shown to have a significant effect on damping 
the temperature swings and improving performance. At some times the minimum or 
maximum temperatures are shown to improve by as much as approximately 2oC (3.6oF). 
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Figure 6.23:  Simulation results for different borehole diameter in winter 
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Figure 6.24:  Simulation results for different borehole diameter in summer 
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6.2.15 Varied depth with different bleed rates  
The simulation results show the exiting water temperature to be most sensitive to rock 
thermal conductivity, bleed rate and depth of borehole. Figure 6.25 shows the combined 
effect of depth of borehole and bleed rate on the water temperature back to the heat 
pump. In these cases borehole depth varied from 240-360m (787-1181 ft), and bleed rates 
were 0%, 5% and 10% with the loads kept the same.  
 

0

5

10

15

20

25

30

35

200 250 300 350 400

Depth of Borehole(m)

T
em

p
er

at
u

re
 B

ac
k 

to
 H

P
(º

C
)

32

41

50

59

68

77

86

95

656 820 984 1148 1312

Depth of Borehole(ft)

T
em

p
er

at
u

re
 B

ac
k 

to
 H

P
(º

F
)

10% Bleed 5% Bleed No Bleed 10% Bleed 5% Bleed No Bleed

 
 

Figure 6.25: The combined effect of depth of borehole and bleed rate on the minimum 
and maximum water temperature back to HP 

 
 
The variation of borehole depth in this range can be seen to have a significant effect on 
the exiting water temperature if bleed rate is zero.  But if bleed rate is set as 5% or higher, 
the borehole depth can be seen to have a little effect on the SCW performance: different 
borehole depths show almost same exiting water temperatures.  Higher bleed rates reduce 
the effect of depth on the SCW performance. For a given bleed rate, the effect of the 
depth of borehole can be seen to be a slightly non-linear in all cases. As noted in the 
discussion of the effect of the depth of borehole (Section 6.2.9), in addition to the load 
per unit depth changing, end effects become more significant at reduced depth. 
 
 
6.2.16 System Energy Consumption and Costs 
System energy consumption (heat pump + circulating pump) and associated costs have 
been calculated for each case using the method described in Section 5.3. The calculations 
results are presented for water table depths of 5m and 30m to show the effect of increased 
pumping power at lower water tables. The results are shown in Table 6.2 for a water table 
depth of 5m, and in Table 6.3 for a water table depth of 30m. The average annual power 
consumption has been expressed in terms of power consumption per unit of 
heating/cooling (kW/ton). 
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Table 6.2 
Energy calculation results (water table =5.0m) 

 
Parameter 

Varied 
Case name Parameter Values 

Power consumption 
per ton of load 

(kW/ton) 

One year operating 
cost  
($) 

 W/mºC (Btu/hr.ft.ºF)   

kt2 2.5  (1.44) 1.14 1500 

Base 3.0  (1.73) 1.13 1482 

T
h

er
m

al
 

co
n

d
u

ct
iv

ity
 

kt3 4.3 (2.48) 1.09 1446 
 

 ºC/100m (ºF/100ft)   

n2 0.3 (0.17) 1.13 1482 

Base 0.6 (0.329) 1.13 1482 N
at

ur
al

 
g

eo
th

er
m

al
 

g
ra

d
ie

n
ts

 

n3 1.8 (0.99) 1.17 1519 
 

 J/m3ºC (Btu/ft3.ºF)   

s2 2.13E+06 (31.769) 1.13 1486 

Base 2.70E+06 (40.27) 1.13 1482 

S
p

ec
if

ic
 

he
at

 
ca

pa
ci

ty
 

s3 5.50E+06 (82.03) 1.11 1470 
 

 mm  (in)   

d2 139.8 (5.5) 1.14 1472 

Base 152.4 (6) 1.13 1482 

B
o

re
h

o
le

 
d

ia
m

et
er

 

d3 177.8 (7) 1.13 1498 
 

 Bleed rate (%)   

Base 0 1.13 1482 

b4 2.5 1.05 1408 

b5 5.0 1.01 1368 

b1 10.0 0.975 1343 

b2 15.0 0.963 1334 

B
le

ed
 r

at
e 

b3 20.0 0.957 1331 
 

 m (ft)   

Base 0 (0) 1.13 1482 

c4 60 (197) 1.13 1487 

c3 90 (295) 1.13 1490 

C
as

in
g 

de
pt

h 

c2 160 (525) 1.14 1493 
 

 mm (in)   

h2 0.3(0.01) 1.13 1488 

Base 1.5 (0.06) 1.13 1482 

h4 3.0 (0.12) 1.13 1484 S
u

rf
ac

e 
ro

u
g

h
n

es
s 

h3 9.0 (0.35) 1.12 1480 
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Table 6.2 continued 
Energy calculation results (water table =5.0m) 

 
Parameter 
Varied Case name Parameter Values 

Power consumption 
per ton of load 

(kW/ton) 

One year operating 
cost  
($) 

 m/s (gal/day/ft2)   

kh3 1.00E-06 (2.118) 1.11 1472 

Base 7.00E-05 (148.23) 1.13 1482 

H
yd

ra
u

lic
 

co
n

d
u

ct
iv

ity
 

kh2 1.00E-04 (211.8) 1.10 1454 
 

 mm (in)   

d4 76.2 (3) 1.12 1485 

Base 101.6 (4) 1.13 1482 

d5 114.3 (4.5) 1.13 1484 D
ip

 tu
b

e 
 

d
ia

m
et

er
 

d6 
101.6(4) 

( insulation different) 1.15 1503 
 

 m (ft)   

L1 240 (787) 1.21 1569 

L2 280 (919) 1.16 1521 

Base 320 (1050) 1.13 1482 

L3 360 (1181) 1.10 1461 

D
ep

th
 o

f 
 

b
o

re
h

o
le

 

L4 400 (1321) 1.08 1443 
 

 Rock type   
Base Karst limestone 1.13 1482 
kt4 Dolomite 1.24 1600 

kt5 
Fractured igneous and 

metamorphic 1.07 1399 

D
iff

er
en

t r
oc

k 
ty

pe
 

kh4 Sandstone 1.07 1423 
 

 Bleed rate (%)   

L1 0 1.21 1569 
L1_bt3 5.0(Dead-band) 1.19 1540 B

le
ed

 
co

n
tr

o
l 

L1_bt1 10.0(Dead-band) 1.20 1541 

 Reverse    

No reverse  Base 1.13 1482 

R
ev

er
se

 

Reverse  Reverse 1.12 1469 
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Table 6.2 continued 
Energy calculation results (water table =5.0m) 

 
 
 

Parameter 
Varied Case name Parameter Values 

Power 
consumption per 

ton of load 
(kW/ton) 

One year operating 
cost  
($) 

 m (ft) Bleed 
rate(%) 

  

L1_bleed(5) 240 (787) 5 1.01 1363 

L2_bleed(5) 280 (919) 5 1.00 1365 

b5(2) 320 (1050) 5 0.999 1364 D
ep

th
 o

f 
b

o
re

h
o

le
  

an
d

 
B

le
ed

 r
at

e 

L3_bleed(5) 360 (1181) 5 0.995 1368 
 

 m (ft) Bleed 
rate(%) 

  

L1_bleed(10) 240 (787) 10 0.966 1339 

L2_bleed(10) 280 (919) 10 0.968 1341 

b1(2) 320 (1050) 10 0.968 1341 D
ep

th
 o

f 
b

o
re

h
o

le
  

an
d

 
B

le
ed

 r
at

e 

L3_bleed(10) 360 (1181) 10 0.971 1342 
 

 Bleed rate (%)   

Base 0 1.13 1482 

b4(2) 2.5 1.05 1404 

b5(2) 5.0 0.999 1364 

b1(2) 10.0 0.968 1341 

b2(2) 15.0 0.959 1333 

B
le

ed
 r

at
e 

(o
ne

-y
ea

r 
op

er
at

io
n)

 

b3(2) 20.0 0.954 1331 
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Table 6.3 
Energy calculation results (water table =30.0m) 

 
Parameter 

Varied 
Case name Parameter Values 

Power consumption 
per ton of load 

(kW/ton) 

One year operating 
cost  
($) 

 W/mºC (Btu/hr.ft.ºF)   

kt2 2.5  (1.44) 1.15 1521 

Base 3.0  (1.73) 1.13 1503 

T
h

er
m

al
 

co
n

d
u

ct
iv

ity
 

kt3 4.3 (2.48) 1.09 1467 
 

 ºC/100m (ºF/100ft)   

n2 0.3 (0.17) 1.13 1503 

Base 0.6 (0.329) 1.13 1503 N
at

ur
al

 
g

eo
th

er
m

al
 

g
ra

d
ie

n
ts

 

n3 1.8 (0.99) 1.17 1540 
 

 J/m3ºC (Btu/ft3.ºF)   

s2 2.13E+06 (31.769) 1.14 1507 

Base 2.70E+06 (40.27) 1.13 1503 

S
p

ec
if

ic
 

he
at

 
ca

pa
ci

ty
 

s3 5.50E+06 (82.03) 1.11 1491 
 

 mm  (in)   

d2 139.8 (5.5) 1.14 1493 

Base 152.4 (6) 1.13 1503 

B
o

re
h

o
le

 
d

ia
m

et
er

 

d3 177.8 (7) 1.14 1519 
 

 Bleed rate (%)   

Base 0 1.13 1503 

b4 2.5 1.05 1439 

b5 5.0 1.01 1409 

b1 10.0 0.981 1402 

b2 15.0 0.972 1413 

B
le

ed
 r

at
e 

b3 20.0 0.968 1428 
 

 m (ft)   

Base 0 (0) 1.13 1503 

c4 60 (197) 1.13 1508 

c3 90 (295) 1.14 1511 

C
as

in
g 

de
pt

h 

c2 160 (525) 1.14 1514 
 

 mm (in)   

h2 0.3(0.01) 1.13 1509 

Base 1.5 (0.06) 1.13 1503 

h4 3.0 (0.12) 1.13 1505 S
ur

fa
ce

 
ro

u
g

h
n

es
s 

h3 9.0 (0.35) 1.13 1501 
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Table 6.3 continued 
Energy calculation results (water table =30.0m) 

 
Parameter 
Varied Case name Parameter Values 

Power consumption 
per ton of load 

(kW/ton) 

One year operating 
cost  
($) 

 m/s (gal/day/ft2)   

kh3 1.00E-06 (2.118) 1.11 1493 

Base 7.00E-05 (148.23) 1.13 1503 

H
yd

ra
u

lic
 

co
n

d
u

ct
iv

ity
 

kh2 1.00E-04 (211.8) 1.10 1475 
 

 mm (in)   

d4 76.2 (3) 1.13 1506 

Base 101.6 (4) 1.13 1503 

d5 114.3 (4.5) 1.13 1505 D
ip

 tu
b

e 
 

d
ia

m
et

er
 

d6 
101.6(4) 

( insulation different) 1.15 1524 
 

 m (ft)   

L1 240 (787) 1.21 1591 

L2 280 (919) 1.17 1542 

Base 320 (1050) 1.13 1503 

L3 360 (1181) 1.10 1483 

D
ep

th
 o

f 
 

b
o

re
h

o
le

 

L4 400 (1321) 1.08 1463 
 

 Rock type   
Base Karst limestone 1.13 1503 
kt4 Dolomite 1.24 1622 

kt5 
Fractured igneous and 

metamorphic 1.07 1421 

D
iff

er
en

t r
oc

k 
ty

pe
 

kh4 Sandstone 1.07 1444 
 

 Bleed rate (%)   

L1 0 1.21 1591 
L1_bt3 5.0(Dead-band) 1.19 1563 B

le
ed

 
co

n
tr

o
l 

L1_bt1 10.0(Dead-band) 1.20 1564 

 Reverse    

No reverse  Base 1.13 1503 

R
ev

er
se

 

Reverse  Reverse 1.15 1505 
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Table 6.3 continued 
Energy calculation results (water table =30.0m) 

 

Parameter 
Varied 

Case name Parameter Values 

Power 
consumption per 

ton of load 
(kW/ton) 

One year operating 
cost  
($) 

 m (ft) Bleed 
rate(%) 

  

L1_bleed(5) 240 (787) 5 1.02 1404 

L2_bleed(5) 280 (919) 5 1.01 1405 

b5(2) 320 (1050) 5 1.00 1404 D
ep

th
 o

f 
b

o
re

h
o

le
  

an
d

 
B

le
ed

 r
at

e 

L3_bleed(5) 360 (1181) 5 0.999 1408 
 

 m (ft) Bleed 
rate(%) 

  

L1_bleed(10) 240 (787) 10 0.973 1399 

L2_bleed(10) 280 (919) 10 0.974 1400 

b1(2) 320 (1050) 10 0.975 1399 D
ep

th
 o

f 
b

o
re

h
o

le
  

an
d

 
B

le
ed

 r
at

e 

L3_bleed(10) 360 (1181) 10 0.978 1402 
 

 Bleed rate (%)   

Base 0 1.13 1503 

b4(2) 2.5 1.05 1435 

b5(2) 5.0 1.00 1404 

b1(2) 10.0 0.975 1399 

b2(2) 15.0 0.967 1412 

B
le

ed
 r

at
e 

(o
ne

-y
ea

r 
op

er
at

io
n)

 

b3(2) 20.0 0.964 1428 
 
 
 
 
 

 
The annual energy costs for water table depth of 5m and 30m are shown in Figures 6.26 
and 6.28 respectively. These figures show the contribution to the total cost of the pump 
power consumption relative to the heat pump power consumption. The energy efficiency 
— expressed as power consumption per unit of heat transfer — is shown in bar chart 
form in Figure 6.27 and 6.29 for water table depths of 5m and 30m respectively.
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Figure 6.26 Annual energy costs showing the contribution of the well pump and heat 
pump (water table=5.0m). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.27 The ratio of power consumption to heat transfer capacity  (water table = 5m). 
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The same trends are shown whether the energy cost or normalized power consumption is 
considered. When the water table is at a depth of 5m the pump energy costs remain 
nearly constant whether there is bleed or not (Fig. 6.26). The lowest costs for all cases are 
where: 

• The borehole is longest 
• The thermal conductivity is highest 
• The bleed rate is highest 
 

The poorest results are for the cases with short borehole length and lowest thermal 
conductivity (cases L1 and Kt4). In all cases with 5m water table depth energy costs are 
lower where the minimum and maximum temperatures are improved (i.e. closer to the 
load temperature) and the efficiency of the heat pump is consequently improved. At this 
depth of water table the higher cost of pump energy consumption at higher rates of bleed 
is outweighed by reduced heat pump energy costs. Similarly, there appears little benefit 
in controlling the system to reduce the number of hours operating with bleed (i.e. just to 
guard against freezing of the borehole). 
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Figure 6.28 Annual energy costs showing the contribution of the well pump and heat 
pump (water table = 30m). 
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Figure 6.29 The ratio of power consumption to heat transfer capacity  (water table = 5m). 
 
 
 
For water table depth of 30m, again, the same trends are shown whether the energy cost 
or normalized power consumption is considered. When the water table is at a depth of 
30m the pump energy costs are very similar to the 5m water table depth cases where there 
is no bleed (some additional pipe pressure drop is introduced). However, where there is 
bleed the pump energy consumption becomes more significant and increases dramatically 
at higher rates of bleed (Fig 6.28). The lowest costs for are where: 

• The borehole is longest 
• The thermal conductivity is highest 
 

Again, the poorest results are for the cases with short borehole length and lowest thermal 
conductivity (cases L1 and Kt4). In all cases with 30m water table depth the heat pump 
component of the energy costs are lower where the minimum and maximum temperatures 
are improved and the efficiency of the heat pump is consequently improved. At lower 
rates of constant bleed system energy consumption can be improved in a similar manner 
to the cases with 5m water table depth. However, at this depth of water table and higher 
rates of bleed (> 10%) the higher cost of pump energy consumption starts to outweigh the 
benefit of improved heat pump efficiency. This can be seen in Fig. 6.30 where the results 
for both water table depths are compared side-by-side. Again, there appears little benefit 
in controlling the system to reduce the number of hours operating with bleed (i.e. just to 
guard against freezing of the borehole).  
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Figure 6.30 Comparison of annual energy costs for water table depths of 5m and 30m. 
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7.0 Conclusions 
 
This report discusses the work of the ASHRAE research project ‘R&D studies applied to 
standing column well design (1119-RP)’. The work has consisted of three major 
elements: 
 

1. Survey and characterization of standing column well technology. This has 
included, 

• Survey and characterization of existing standing column well technology 
and installation practice 

• Collection and data from existing well installations 
• Characterization of geological and hydrological conditions in regions 

where standing column wells have been applied. 
 

2. Development of a detailed model of a standing column well and surrounding 
geological formation.  

 
3. A Study of the effect of the effects of and significance of standing column well 

design parameters. This has entailed using the model to calculate annual fluid 
temperatures driven by characteristic building loads. 

 
Data from 34 wells at 21 locations have been collected and are believed to be 
representative of current installation practice and geographical distribution.  These 
installations all have heating dominated loads. Heat extraction has accordingly been the 
main focus of these well and system designs. Bleeding of the well to induce flow of 
ground-water at more moderate temperatures into the well, is a key feature of the well 
and system designs. Three sites have been identified where detailed data is available.  
 
Construction differences existing in the reported standing column wells relate in part to 
the depth of the well rather than any other influencing parameter.  Shallower wells (i.e. 
depths less than 150m [500 ft.]) tend to be dominated by placement of the pump near the 
bottom of the well with the return located near the top.   Deeper wells (depth greater than 
150m [500 ft.]) mostly use dip tubes (Porter Shroud) constructed of 100mm (4 in.) 
diameter PVC pipe to the bottom of the well.  The pump and return pipe end are located 
near the top of the well taking into account draw-down depths at bleed flow rates of from 
5% to 25% of total heat pump flow depending on the application. 
 
The location and hydraulic properties of the different ‘ground-water regions’ of North 
America have been presented. The regions where standing column well installations have 
been identified are all in the Northeast of North America. These are the (i) Northeastern 
Appalachians, (ii) Appalachian Plateaus and Valley and Ridge and, (iii) Piedmont and 
Blue Ridge regions. Each of these regions has igneous or metamorphic rock where 
relatively high well capacities and good water quality is available. 
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Previous models of standing column wells have made a number of assumptions about the 
heat transfer between the different components of the well. They have all treated in 
ground-water flow in the surrounding rock in a very simplified manner. The numerical 
model developed in this work is composed of two parts: a nodal model of the borehole 
components and a finite volume model of the ground-water flow and heat transfer in the 
surrounding rock. The model allows the explicit treatment of the advective heat transfer 
induced by the ground-water flow. This is of particular importance for the realistic 
treatment of bleed operation. Results in the form of ground-water flow distribution and 
well/rock temperature distribution are presented. 
 
The numerical model has been employed in a parametric study of standing column well 
performance. A base case design was developed with parameter values representative of 
common standing column well installation conditions. Several calculations were made, 
over a one-year operating period, where a single design parameter value is varied relative 
to the base case. This has enabled the effect of, and significance of each design parameter 
to be studied. The highly intensive computational nature of the calculations (six 
computers were employed continuously over a 24 week period) only a limited number of 
cases could be considered and 6 hourly time steps were required. 
 
The well performance has been characterized by minimum and maximum exiting fluid 
temperature and equivalent design borehole length. The performance was found to be 
most sensitive to the following parameters: 

• Bleed rate 
• Borehole length 
• Rock thermal conductivity 
• Hydraulic conductivity 

A number of other parameters affect the convective heat transfer in the borehole but in 
themselves have only a secondary effect of the well performance: 

• Borehole diameter  
• Dip tube thermal conductivity 
• Borehole wall roughness 
• Fluid flow direction 
• Ground thermal gradient 
• Borehole casing depth 

Sensitivity to ground thermal conductivity and borehole length can be expected from 
consideration of conductive heat transfer around the borehole. Bleed is strongly related to 
rock hydraulic conductivity i.e. high bleed rates are only feasible in rocks with high 
hydraulic conductivity. The combination of thermal conductivity and hydraulic 
conductivity is dependent on the rock type. Calculations using shorter time steps and 
increased borehole diameter have shown that performance is improved by virtue of the 
increased system volume damping minimum and maximum temperatures at peak loads. 
Performance varies with bleed rate in a highly nonlinear manner and a number of 
interesting characteristics have been identified. 
 

• Performance can be improved dramatically by introducing bleed. 
However, at higher bleed rates (greater than 10% in this study) there is 
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little further gain in performance. (In certain installations, low borehole 
temperatures in peak heating conditions may still require bleed rates 
higher than 10%). 

• With increasing bleed rate sensitivity to borehole length decreases. This is 
thought to be because at shorter borehole lengths ground-water flow 
velocity would theoretically increase – increasing the significance of the 
advective heat transfer – for the same bleed flow rate. In practice it may 
not be possible to maintain higher bleed flows at shorter borehole depths 
as the flow is limited by the hydrological conditions i.e. well flow 
capacity. 

• As hydraulic conductivity increases there is a trade-off between 
convective and advective heat transfer at the borehole wall – increasing 
advection through the wall reduces convection along the wall. This means 
that very high hydraulic conductivities do not necessarily result in better 
performance than moderate values. 

 
Annual energy consumption has been estimated for each case. Results show that poorest 
energy performance occurs in cases with the least favorable thermal and hydraulic 
conductivities. As may be expected, energy performance is not sensitive to the 
parameters that have already been noted to have little effect on standing column well 
thermal performance. The lowest energy costs are found in cases where bleed is 
introduced and heat pump efficiency is improved. Where the water table is high the 
increased pump power when bleeding is not significant and the greatest efficiencies are 
when bleed rate is maximized. However, when the water table is lower, pump power 
requirements increase more significantly when bleed is introduced. The benefits of higher 
rates of bleed (> 10% in this study) are then outweighed by the increased pumping costs. 
This situation is probably different at higher rates of bleed where variable frequency 
drives are used (a case was not studied in this work). 
 
The study has confirmed many of the standing column well performance characteristics 
found in practice. Better performance is possible where thermal and hydraulic 
conductivities are higher and the water table is higher. Indeed these are the characteristics 
of the regions in which current installations are found. In practice the designer, for a 
given location, has no control over the thermal and hydraulic properties the geological 
formation. The designer does have control however, over the main borehole parameters 
such as length, diameter, dip tube size and material, in addition to the system bleed rate 
and controls. Of these parameters the length and bleed have been shown to affect 
performance most significantly – other parameters relate to only secondary effects. The 
results of the study show that higher bleed rates (calculations were made with bleed rates 
up to 20%) can significantly improve overall energy performance and can enable the 
borehole length to be reduced significantly. In practice however, there maybe a number 
of limitations on the amount of bleed that can be achieved, such as, limited well pumping 
capacity and practical difficulties in disposing of the bleed water. 
 
Following this project, what remains to be done?  There are two fundamental areas of 
investigation necessary to provide design methodologies and tools for designers.  First, 
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some experimental validation of the detailed simulation tool developed for this project 
needs to be done.  Second, once the detailed simulation tool has been validated, it may be 
used to investigate various procedures for simplified simulations.   
 
Such simulations might be as simple as using the line source analysis with an “enhanced” 
thermal conductivity.  If so, the detailed simulation procedure could be used to determine 
an appropriate method for modifying the thermal conductivity.  More sophisticated, but 
still much faster, simulations which combine a line source with water storage in the 
borehole and where bleed is treated as some combination of groundwater flowing directly 
to the borehole and an enhanced thermal conductivity may also be imagined.  Finally, a 
numerical model might be used if some pre-computed groundwater flows were used 
whenever bleed occurred.  A variety of simple simulation models could be compared to 
detailed simulation results to identify the best procedure. 
 
Once a simplified simulation tool has been developed, it will also be desirable to develop 
more thorough design guidelines.  These may include recommended in situ tests, e.g. 
thermal conductivity and well draw-down tests; recommended design details, e.g. system 
configuration and material specifications; acceptable water quality, etc. 
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Appendix A: Questionnaire Sent to SCW Installers 
 
 
 
XYZ Corp            December 13, 1999 
J. Smith, Chief Engineer 
Anycity, NY  22111 
 
 
Dear Sir: 
 
The Geo-Exchange heating/cooling industry uses a variety of methods to exchange heat 
with the ground.  Furthermore, considerable research efforts have been spent on the 
improvement and understanding of earth coupled and ground water source systems in 
recent decades but there have been no similar efforts made for Standing Column Well 
systems.  To promote the use of this technology a formal study of relevant factors has 
been initiated by the American Society of Heating Refrigerating and Air Conditioning 
Engineers (ASHRAE). 
 
We would like to elicit your help and contribution to ASHRAE technical data on the use 
and engineering of standing column wells as they apply to Geo-Exchange heating and 
cooling systems.  A standing column well is defined by the characteristic of supplying 
well water to GeoExchange heat pumps and returning the water to the same well so that 
the sides of the well act as heat exchange surface between the well water and the ground 
(see attached figure). 
 
ASHRAE’s research project is under the direction of Oklahoma State’s Dr. Jeffrey 
Spitler and is designed to create a solid base of technical reference material suitable for 
publication in the ‘ASHRAE Handbook’ to guide, educate and promote this energy 
efficient, clean heat source for the new millennium.  We are collaborating with Dr. 
Spitler to survey existing well construction and performance data using Water & Energy 
System’s extensive background in this technology for Geo-Exchange Heat Pumps.   
 
This quest for exiting experience with standing column wells will form a vital link 
between theory and best industry practices.  Your taking a few minutes to fill out the 
attached questionnaire for each standing column well you have designed/installed with 
assist in determining the future focus and emphasis with respect to research into various 
influences on well performance. 
 
We intend to share the research results with all survey participants. 
 
 
Yours truly, 
 
Carl N. Johnson 
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AUTHOR   TELEPHONE NO. FAX NO.   E-MAIL ADDRESS 

                    

ADDRESS OF SITE       WELL DRILLER/ADDRESS     

                 
DESCRIPTION/PERFORMANCE               

          HVAC CONTRACTOR/ADDRESS     

HVAC DESIGN DESCRIPTION            

                    

HVAC CAPACITY                 

                 

TYPE AND NUMBER OF HEATING/COOLING FIXTURES           

                    

CONTROL SYSTEM DESCRIPTION         

                    
          

WELL DESIGN    BLEED STRATEGY   

  NUMBER OF SCW's       AMOUNT OR PERCENT OF WELL FLOW 

                  
  WELL LOG DATA (INCLUDE COPY)           

        AQUASTAT SETPOINT     

  DEPTH OF EACH WELL                

            DISPOSAL OF BLEED WATER   

  BOREHOLE DIAMETER           

            WELL YIELD FLOW AT DEFINED DRAWDOWN 

  WELL PUMP MFR./MODEL             

        GROUNDWATER FLOW FROM GEOLOGICAL DATA 

  WHAT'S THE DEPTH OF THE WELL PUMP?        

                    

  DESCRIBE THE DESIGN OF THE DIP TUBE       

            

              

  DEPTH OF RE-INJECTION               

                   

  DESIGN DELIVERY GPM/HEAD            

                   

  IS THERE A 2ND PUMP FOR DOMESTIC WATER USE?        
               

  SOIL DATA, STRUCTURE AND TYPE             

            

                    

  ANY MONITORED DATA AVAILABLE?             

            

  COMMENTS OR DESCRIPTION OF THE PERFORMANCE OF THE SYSTEM       
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