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Thenaal Simulation - Regina Geothermal Well 

A 2000m+ well is being drilled in January, 1979, to test tlte geothermal potcntial 

of the sedimentary basin below the campus of the University of Regina . Temperatures 

around 70°c are anticipateci within the target zone; if feasible, production of hot 
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brine is planned at a rate of 0.02~2m s The geothermal fluid would be used 

for space heating of a building on the campus, after which it would be returned 

to the formation through an injection well some distance away. 

The purpose of this study is to make an assessment of the heat lasses i.n the 

egina geotherrnal test w·ell under sustained production conditions. An es t imate 

of the heat loss (and temperature drop) experienced as the production fluid 

moves to the surface is made and the thermal benefit in using an insulated 

discharge pipe above the submersible pump is calculated. 

The simulation was carrie<l out through a finite difference program described 

by the author (Taylor, 1978). 



2 

l. Simulation of hcat lo sses in at t ainrnent of steady s tate 

During production, the geothermal fluid will be a.t a temp e r ature different fr om its 

surrounding formation. The rate at which t he radial heat l oss app roaches a steady 

state was simulated by impressing a fixed temperature on the wellbore at two depths 

where the geotherrnal t empera ture is SK and 35K lower than the wellbore (ra dius 

0.089m). 

The r esults (figure l) show a hea t loss decreasing rapidly af t er start up, to 

within l/e of steady state values by 15 days after s t art-up. 

The heat loss is linearl y related t o the contrast in wellbore and geotherma l tempe r atures ; 

the curve at 35K , for instance , is simply 7X that for 5K . 

These heat lo sses a nd tempera tures within the forma tion can equally well be 

·.tracted '.:ro!'l published tables , e . g . Jacger (195 6) , J essop (1 963 , 1966) , 

and Taylor (197 8). 

2 . Sjmulation of heat lo sses during production 

lit start-·up, f luid at ?0°c wil l travel up the we l l, los ing heat to the formation . 

The loss will be large initially, bu t as the formation surrounding the well warrns , 

the radial gradient will decrease , reducing the heat loss considerably. 

The author ' s nurnerical program is not capable of direc tly modelling heat and mass 

t r ansfer . However, once produc tion has s tabilized and a near-steady 3tate 

thermal regime is attâined, an estimate 6f heat lest by the upward moving fluid 

may be made . 

The well is divided into a number. of segments vc:rtica lly and the heat lo ss and 

t empcrature drop of the production fluid in each segment is calculated . This is 
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based on the temperature of the f luid entering the segment and the disturbed 

thermal regime of the formation nt the mid-point of the segment. Rather than 

adopting the steady state thermal re.gime, the disturbe d state that exists after 

5 days in the transient solution is taken as a more conservative estïmate of the 

heat loss. 

The division of the well into s egments is shown in figure 2. For segment 1 (2040m 

to 1700m) fluid was assumed to enter at 70°c, a nd pass through a disturbed formation 

(a s described ) for transit time of 380 seconds (a pumpi1ig rate of O. 0222 m3s -l through 

casing of radius 0.089m). After 15 days, the heat loss was 28W per me tre l ength 

of fluid. Taking this rate as typical of the entire segment, the fluid will 

decreas e about O.lK in transitting this section. Hence, fluid at 69.9°c can be 

assumed to enter the segment above. 

This calculation may be made from the published tables, or may be seen on 

f . 1 Th lJ'- / h 1 ,_ t for secti·on 1 i·s 7o·0 
igure . e we .uore geot erma temp erature con .... ras -

.aking 4/5 of the lower curve in figure 1 at 15 days is 28W per metre length, 

as above. 

The well segments and the temperature drop in each are tabulated below. 

Segment Depth (m) Jemperature drop (K J 

6 350 - surface 1.11 

5 700 - 350 0.88 

4 1000 - 700 0.57 

3 1400 - 1000 0.63 

2 1700 - 1400 0.27 

1 2040 - 1700 0.09 

3.55 

These results are plotted in figure 3, emphasizing the cons iderable incre~se 

in tempera ture drop nearer the surface . Figure 4 show3 the variation of heat l oss 

with depth; the discontinui ty at lOOOn; arises from the hypothetical change in 

.thology, resulting in an jncreasecl temperat1n:e gradient in the upper half e>f 

the well and a corresponding decrease in rock thermal ccnductivity. 

Both the rmal conduct ivity values are probably high, but were used sln~~ they are 

mid-range values bet\1een sandstones and the much J.ower conductivity of shales. 
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Bad a largffnumber of segments been used, the caJ.culated temperature drop would 

oe slightly less. The effect, for instance, of performing only one calculat:ion 

on the entire well (i.e. only one segmen t) is to give a temperature drop of 4.lK. 

Hence the technique used here may be considered a conservative calculation a t 

this time. 

3. Reduction of heat loss with insulation 

Examination of figure 3 shows that one half or the temperature drop occurs in 

the upper one third of the well. Reduction of the loss in this area may be 

achieved by insulation. 

Two complet ion arrangements are propos ed for thB Regina well : 

2 sm3ller production tubing (raJius 0.045m) ins i<le the principal casing (0.089m) 

above a submersible pump. 

2. no special casing above the pump . 

The first arrangement would allow the intervening annulus to be fill~d by an 

insulating medium. The author' s program is capable of simulating this and comparison 

is made ro the same completion but with the annu l us filled with cernent of the rmal 

conductivity similar to the formation. The pi:cgram is incap able of moàelling heat 

loss when a convecting annulus, such as air or water, is present. 

Perhaps several types of insulating material s are technically feasible; polyure.thanes 

and silicate foams have been documented in the lite1:ature (Penberthy et al, 1974; 

·'"' ' 
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Kennedy 1971; Sinha et al , 1972; anonymo us, 1972; and others). The foll owing 

~roperties are typical an<l have been a dop t ed in this simulation : 

-1 -1 
therma l conductivity, 0.017 Wm K -

-3 
rn density, 200kg 

specific heat, 837 Jkg-lK-l 

The insula ting effect may be apprcciated by noting that this conductivity is a 

factor of 200 lower tha n that of the formation. 

For this simulation, a fluid tempera ture of 67°c and an average geothermal temperatur e 

of 15°c were adopted for the re gior. above the pump, at 430m (figures 2 and 3). 

Th e heat loss without insulation is about 335W per metre l ength of fluid, 15 days 

after the start-up; a trans it time of 123s results in the inevitable drop of l. 4K 

qlculated previously (Pig . 3) . (fü. n t loss is practicdlly in<lepe11denL of well size 

for a constant pumping rate). 

Two thicknesses of polyurethane insulat i on were sir.iulated; l..8cm and 4.3 cm, the 

latte r filling the entire annulus be t ween the production tubing and casing . 

Insulation. Heat .lo ss Temperature 
(rattl* (.:ibove purnp) __ drop __ 

none 335W 41,000J 1. 4K 

l. 8cm 16 1,970 0.067 

4.3cm 8.1 1,000 0.034 

--~ watts per metre len;;th of pn.i duc tion fluid. 
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.'igure 5 compares the heat loss in t he three cases , and the production f l uid 

temperature with depth is shown in figure 3 . 

Conclusions 

1. Substantial t emperature drops in the production fluid ar e expecte<l shortly 

after pumping starts in the Regina well. Steady state conditions will be 

attained a t increasingly l a ter times at shallower depths, but a t ime of 15 

days is sRtisfaatory for calculations at this stage . 

2 A r 15 d J J 1 d • • Ü 0222 3 - l . 1 7 '07 . ..r.ter ays, t1e 1eat oss e}~pecte in pump1.ng at . ms i s . x .L 

-3 
Jm of fluid, r es'Jlting in a t emperature loss of 3 . 6K from production zone 

to surface, 

3 . If the pump , placed at 430m depth,clischarges into tubing one-half the diameter 

of the casing , an opportunity exists to reduce heat l asses by using insulation. 

A layer of po l yurethane or silicate foam at least 1 . Sem in t h ickness shoulcl 

reduce heat losses in this 430m section by 95%, resulting in a saving of 38% 

over the en.tire well. 6 This saving is 6 x 10 J per cubic metre of fluid, 

equivalent to 1L10 kW at the planned pumping rate of O. 0222m3s -l This is 

approx:i.mately the power needed to operate the pump itself. 
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l''igure L Variation of the heat loss with time at two depths in well where t he 

diff erence between wellbore and geothermal temperature is 5 and 35K . 

Figure 2. Hypothctical geothermal. ternperature profile, with a change in 

lithology .::i.t lOOOm. The division of the well into segments for the 

heat loss calculation is shown . 

Figure 3 . Decr ease in temperature of production fluid as it rnoves up the well. 

Compared to calculation by Vandenburghe (privatc commun.) 

Figure 4. Variation of radia l heat loss with depth. 

Figure 5. Average heat loss above pump (4 30m) without insulation and with two 

thicknesses of polyurethane. 
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