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1. Introduction
The yietd and tife of (ower temperalure geothermal wells, and even ils stabitity of
waler qualily, depend on flushing lechnique mainly besides related to dritling quatity,
The goal of flushing is mainly lo eliminate any matural and artificial unfavourable fac
tors, which affected yield, as many as possible, in ofder to recover original permeabili
ly of the aquifer, reflect its water yield property accurately, and bring the ulitizatio
n gaining of geothermal well inte fult play.
The traditional filushing methods using piston and air compressor usualiy be not ver
y effective for lower permeabilily aquifer, for thicker mud wall or for oxidized corrosi
on of well screeﬁ.AAt recenl yeﬁrs the flushing melhod using liquid CO, has been applyin
g in China, It is characterized by saving on time, efficient and economizalion. Even som
e initial "died weli{” and wasle well can also bring the dying back lo (ife after Lhe tre
atment.

" The main factors affected yield of geothermal wells include mud wall effect formed
by drilling mud, fragmenls plug effect on well screen due to used for many years, chesic
al plug effect caused by corrosion of metal and scaling of water, and filling effect of
culting in pores or fractures of aquifer during drilling. AUl of these problems can be s

olved by using flushing technigue of liguid CO,,

2. Principatl

In fact, flushing of CO, is a combined ftushing of physical and chemical methods,

Liquid CO; can only be stored in special cytinders under high pressure, 1t beils an
d vapours at -78.5 'C in atmosphere. When the tiquid CO, is injected into a lower lempe
rature geothermal well al a certain position with the aid of dritl pipe and high pressur
e pump system, the tiguid €O, is immedialely heated and sirongly vapoured, it made its v
olume expanded rapidty. The steeply increased pressure acts 1o aquifer passing through ¢
asing pipe, and also mixes CO, gas and waler to fors two phase flow., Consequently, the s
trong air-1ift pushes two phase floid rising and blowing out the welthead. Meanwhite, th
e decreased water head in Lhe well continues and intensifies vapouration of C0,. Such fu
ether decrease of density of Ltwo phase flow prowotes air-tift further, and increases yie
ld, Large number of refease of CO, gas causes well blowing, After thal the aquifer [oses
hydrautic balance because waler losing from blowing. Thus, water from the aguifer recha
rges _into the well rapidly under lhe aclion of large pressure difference. Such positive
and negative "water shock” acted on well wall of an aquifer can efficaciously damage mud
wall, burst ptug and dredge filling, These are combined resutt of the vapourizatien act
ion of €O, and the hydrowmechanics action of waler flow,

Mﬁreﬁver, €0, reacts with numberous Ca?* and Mg2* from drilling mud to form precipi
lation of CaCO; and MgCOz;. It is favourable to weakenize the crystal lattice of rolloid,

and to increase hydrois diffusivity of mud wall,

3. Flushing Wetl Technique Using Liguid €0,
Links up CO; cylinders with high pressure pipeline in well (e.g. drill pipe) and
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high pressure pump using high pressure pipeline system formed by rubber tubes and sleel
pipes. When open the valves of CO, cylinders, the vapourized CO, pressure can push a cer
tain quantity of liquid CO, to inject a well along ithe pipeline (Fig.1), It can be also
injected deeper position of wetl wilh the aid of high pressure pump.

For deep well over thousant metres, the €0, can be injected respectively into sever
al posilions of different depthes. The quantity of injected €O, for each position can be
calcutated by the work need it doing.

For example lhere is a geolhermal well with depth of 1459 m in Beijing. The upper p
art of the wetl is 800 m casing of diametre 168 mm, and ‘the tower part is naked hole in
diametre 1306 mm. Temperalure at the well bottem is §7 C. Its aguifer (fractured and rup
tured reservoir formation) in {300 w deep was selected as the firstkinjecled position, T
otal 17 cylinders of CO, (24 kg for each cylinder) were injected there. Then respective
29, 41 and 22 cylinders of Liquid CO, were injected at 966 m, 580 = and 200 m (Fig.2). A
fter that, the well blowing was produced first from fourth injected position. Then the 1
hird, the second and the first injeclted positions bhlew progressively., It reached flushin

g goal for whote well finally.’

4, Flushing Welt Technique Using 802~Polyphusphéte
‘ The potyphosphate includes sodium hexaphosphatle ((NaP0;36), sodium superphosphate (
Na¢P,0,) and sodium trithiophosphate ¢(NagP;0,,). They have three fanciions in ftushing w
eii,

(1) Comptexing fanction

Polyphosphate complexes with catcium , iagnesiun and such metal cations from clay 1
o form complicated dissolvable complex compounds. For example

Ca2* + (NaP03>g -» Na,(CaNa(POz)g) + 2Na*

Na,(CaNaz(PBs)g) -- 2Na* + (CaNap(POg)g)2~.
After these reactions, the concerirations of calcium and magnesium cations decrease shar
ply. Thus it eliminates viscidily of the clay and promotes diffusion of colloid.

(2) Decrease surface tension

Potyphosphaies have aciive surface. Il decreases the surface tension of clay. So it
causes clay damp, mitkiness and increasing of permeability.

(3) Adsorptlion

A tot of sodium cations produced by dissotusion of pulyphosphate displaces adsorpti
on with calcium and magnesium cations of clay, It made calciferous clay become sodium ci
ay which is easy for hydrotysis and diffusion,

There was an example in Yuncheng., The well is 301 m deep. Its aguifer is medium-fin
e sand and fine-sitt sand of Quatermary. The well compleled in 1978, but didn’l use unti
L 1982 because quite little yietd. Combined ftushing using (0, and poiyphosphate was und
erlaken in seplember of the year, The original yield was | w3 h before flushing., The flu
shing operation injected 700 kg sodium superphosphate first. Then |5 cytinders of C0, we
re fnjecled after 8 hours, Blowing was 21 m high. Along with a (oi of mud and sands biow

ing out; the yield of the well became 20 =3 h.

5. Flushing Well by injecting Acid with CO,
Injected hydrochtoric acid (usually with concertralion of 16-15 %) can react with ¢
arbonated rock of aquifer and with -rust of casing pipe chemically. So the injecled acid

would dissolve cuttings and fractures of carbonate and rust.AConsequently, the yield of
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well would increase hecause dredged permeability, During the operalion some proper addil
ives e. g, preservalive, inhibitor, stabilizer and surface aclivalor can be added.

No.3 geothermal wetl in somewhere of Hebei province was compleled in July of 1877.
The wetl is 1019 m deep. Its reserveir is Sinian dolomite. Pipe of diametre 4!, enches
casing to depth 976 w. Temperature is 71.5 °C at welthead. Its arlesion flow rate was
470 m3 per day. Wellhead pressure was 1.8 kgr-cu?, Flushing this well by injected hydroc
htioric acid and CB, in {985 due to the decrease of filow rate. After injection for 4 hour
s the well blew, Then tiquid €O, was injected and well blew again at 20 minutles lale. Th
e flushing resulls show as folleows,

Temp. () ¥WHP(atm. )} Flow rate(md®.d)

July 1977 well completlion 71.5 1.8 470
June 1985 before flughing 68.5 0.72 256.8
June 1985 after flushing 73.0 0.8 508.8

6. Lonclusion
Flushing using liquid £0, for tower lemperature geothermal wells achieved good resu
tts, 1t is suilable for various cases, basemenl or toose aquifer, sleel or olher maleria
L casing pipe, shallow well or deep well, new well or old well, and even wasle well, It
is able to save the lime and to spend less money bul get more yield, Underwenl various
“ests for over 880 wells, Lhe increased yietd ranges from 2§ % 1o 19 times, and the avera
ge is aboul |-3 times usually. !is simple equipmenls and less investmen! are very conven

ient for application and population.
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Fig.1 Sketch of Flushing Well Inslaltlatien
$ s 1495m
Using Liquid CO,
1.C0, cytinders; 2.sleeper; 3, high pressure Fig.2 Sketch diagram showing
joint; 4 high pressure rubber tube; 5. QF-2 injection posiltisn of liquid
valve; 6.pressuremeter; 7.general valve; §. GO, in a deep well
direcl active joint; 9. surface high pressure % 1,2,3 % § show the first,
pipetine; 10.loggle or tee joint; 11.downhote second, third & fourth injected
high pressure pibcline; 12.valve to pump or positions of tiquid €Oy,

acid tank; 13.pump or acid tank; 14, to ltush-
ing position, )
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