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I. In troduc t ion 

The yietd and life of lower teaperature geothenal wells, and even ils stability of 

water qualily, depend un flushing technique aainl)' besides retaled to drilling qualit)'. 

The goal of flushing is aainly lo eliainate any natural and artificial unfavourable fac 

tors, whi~h affected yield, as aa.y as possible, in order to recover original peraeabili 

ly of the aquifer, reflect its waler yield property accurately, and bring the ulilizalio 

n gaining of geotheraal well into full play. 

The traditional flushing aethods using piston and air coapressor usualty be not ver 

y effective for lower peraeability aquifer, for thicker aud wall or for oxidized corrosi 

on of well screen. At recenl years the flushing aelhod using liquid CO 2 has been applyin 

g in China. I t is characterized lrY saving on ti.e, efficient and econo.izalion. Even soa 

e initial "died well" and waste wetl can also bring the dying back 10 life after the tre 

ataent. 

The aain factors affected yield of geother.al wells include .ud wall effect foraed 

by dri lling aud, fragaents plug effect on well screen due to used for aany years, cheaie 

al plug effect caused by corrosion of aetal and scaling of water, and filling effect of 

cUlting in pores or fractures of aquifer during drilling. All of these probleas can be s 

Dived by using flushing technique of liquid CO 2 • 

2. 	 Principal 

In fact, flushing of CO 2 is a coabined ftushing of physical and cheaical aethods. 

Liquid CO 2 can only be stored in special CYlinders under high pressure. 11 boils an 

d vapours at -78.5 'C in ataosphere. IIhen Ihe liquid CO 2 is injected into a lower ieape 

rature geotheraal well at a certain position with the aid of drill pipe and high pressur 

e puap systea, the liquid CO 2 is iaaediately heated and strongly vapoured. It aade its v 

oluae expanded rapidly. The steeply increased pressure acts to aquifer passing through c 

asing pipe, and also aixes CO 2 gas and water to fora two phase flow. Consequently, the s 

trong air lift pushes two phase floid rising and blowing out the wellhead. Meanwhile, th 

e decreased water head in the well continues and intensifies vapouration of CO 2 . Such fu 

ether decrease of density of two phase flow proaotes air-lift further, and increases yie 

Id. Large nuaber of release of CO 2 gas causes well blowing. After that th.e aquifer loses 

hydraulic balance because waler losing froa blowing. Thus, water froa the aquifer recha 

rges. into the well rapidly under Ihe action of large pressure difference. Such positive 

and negative "water shock" acted on well wall of an aquifer can efficaciouslY daaage aud 

wall, burst plug and dredge filling. These are coabined result of the vapourization acl 

ion of CO 2 and Ihe hydroaechanics action of waler flow. 

Moreover, CO 2 reacts with nuaberous Ca Z • and Mg2. froa drilling aud to fora precipi 

lalion of CaCO a and MgCO a. It is favourable to weakenize the crystal lattice of r.olloid, 

and \0 increase hydrous diffusivity of aud wall. 

3. 	 Flushing lIell Technique Using Liquid CO 2 

Links up CO 2 CYlinders with high pressure pipeline in well (e.g. drill pipe) and 
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high pressure pUIlP using high pressure pipeline systell forlled by rubber lubes and sleel 

pipes. When open the valves of CO 2 cylinders, the vapourized CO 2 pressure can push a cer 

lain quantilY of liquid CO 2 to inject a welt along the pipeline (Fig.I). It can be also 

injected deeper position of well wilh the aid of high pressure pUllp. 

For deep wetl over lhousant lIetres, the CO 2 can be injected respectively into sever 

al positions of different depthes. The quantity of injected CO 2 for each position can be 

calculated by the work need it doing. 

For exallple there is a geolherllal well with depth of 1459 II in Beij ing. The upper p 

art of the well is 300 II casing of diallelre 168 1111, and the lower part is naked hole in 

dinetre 1301111. Teaperature at the well bottell is 57 ·C. Its aquifer (fractured and rup 

lured reservoir forllation) in 1300 II deep was selected as the firsl injected position. T 

otal 17 CYlinders of CO 2 (24 kg for each cylinder) were injected there. Then respeclive 

29, 41 and 22 CYlinders of liquid CO 2 were injecled at 960 II, 580 II and 200 II <Fig. 2>' A 

fter thai, the well blowing was produced first froll fourth injected position. Then Ihe I 

hird, Ihe second and Ihe firsl injected posilions btew progressively. It reached flushin 

g goal for whole well finally:­

4. Flushing Welt Technique Using CO 2 -Polyphosphate 

The pOlypnosphate inCludes sodiull hexaphosphate «NaPO a )6), sodiull superphosphale 

Na4P20,) andsodiull trilhiophosphate (Na5PaOlo). They have three fanctions in ftushing w 

ell. 

(I) COllplexing fanction 

POlyphosphale cOllplexes with calciull , lIagnr-siuII and such lIelal calions froll clay I 

o 	 forll cOllplicated dissolvable cOllplex cOllpounds. For exallple 

Ca 2+ + (NaP03 )s' -. Na2(CaNa2(P03)G) + 2Na+ 

Na2(CaNa2(P03)G) -+ 2Na+ + (CaNa2(POa)f,)2-. 

After Ihese rea£tion~, the concerlratlons of calciull and lIagnesiuII catioos decrease ahar 

ply. Thus il elillinalfts viscidi ly of Ihe clay and prollotes diffusion of colloid. 

(2) Decrease surface tension 

Polyphosphates have active surface. It decreases Ihe surface lension of clay. So it 

causes clay dallp, IIi lkiness and increasing of peneabi Li Iy. 

(3) Adsorption 

A tot of sndiull calions produced by dissolusion of poLyphosphate displaces adsorpli 

on wilh calciull and lIagnesiuII cations of clay. It lIade calciferous clay becoll. sodiull cl 

ay which is easy for hydrOlysis and diffusion. 

There was an exuple in Yuncheng. The well is 301 II deep. I Is aquHer is lIediUll-fin 

e sand and fine-sill sand of Quaternary. The well cOllpleted in 1978, but didn'l use unli 

1982 becau~e quite lilile yield. COllbined flusbing using COl and polyphosphate was und 

ertaken in septellber of the year. The original yield was 1 113/h before flushing. The flu 

shing operation injected 700 kg sodiull superphosphate firsl. Then 15 cylinders of CO 2 we 

re injected afler 8 hours. Blowing was 21 II high. Along wi th a lot of lIud and sands btow 

ing out, Ihe yield of Ihe well becalle 20 113/h. 

5. Flushing Well by injecling Acid wilh CO 2 
Injected hydrochloric acid (usually with concertralion of 10 15 ~) can reacl with c 

arbonated rock of aquifer and wilh-rusl of casing pipe chellically. So the injecled acid 

would dissolve cut lings and fractures of carbonate and rusl. Consequently, the yield of 
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well would increase because dredged peneabi li ty. During Ihe operalion sOlie proper addi I 

has e. g. preservalive, inhibitor, slabilizer and surface activator can be added. 

NO.3 geotherllal well in sOllewhere of Hebei province was cOllpleted in July of 1977. 

The well is 1019 II deep. lts reservoir is Sinian dOlollile. Pipe of dialletre 4 1 / enches2 

casing 10 deplh 976 II. Tellperalure is 71.5 ·C al wellhead. lts arlesion flow rate was 

470 .3 per day. Wellhead pressure was I. 8 kg>CII2. Flushing Ihis well by injecled hydroc 

hloric acid and CO 2 in 1985 due to the decrease of flow rate. Afler injection for 4 hour 

s the well blew. Then liquid CO 2 was injected and well blew again at 20 lIinutes lal!'. Th 

e flushing resulls show as follows, 

Tellp.(·C) WHP(atll. ) Flow rate(lI s /d) 


1 u ly 1911 well coapletion 11.5 1.8 470 


1 une 19 U 5 before ftughing 68. 5 0.12 256. 8 


1 une 1985 afler flushing 13. 0 0.8 508. 8 

6. Conclusion 

Flushing using liquid CO 2 for lower lellperature geolherllal wells achieved good resu 

lis. It is suilable for various cases, basemen I or toose aquifer, sleel or olher maleria 

I casing pipe, shallOW well ~r deep well, new welt or old well, and even wasle well. II 

is .ble to save the lille and to spend less 1I0ney bul gel more yield. Underwenl various I 

.esls 	for over 800 wells, lhe increased yield ranges froll 28" to 19 tilles, and the avera 

ge is aboul 1-3 tilles usually. Its sillple equipllents and less invesilleni are very conven 

ienl for application and population. 

Fig.1 Skelch of Flushing Well Inslallalion 

Using Liquid CO 2 

I.C0 2 cylinders, 2.sleeper; 3.l1igh pressure 

joint; 4.high pressure rubber tube; S.QF-2 

valve; 6.pressurelleter; 1.general valve; 8. 

direcl active joint; 9.surface high pressure 

pipeline; 10.loggle or tce joint; Il.downhole 

high pressure pipetine; 12.valve to pUIIP or 

acid tank; 13.pump or acid tank; 14.to ftush­

ing position. 
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Fig.2 Sketch diagram showing 

injection posilion of liquid 

CO 2 in a deep well

* I, 2, 3 11< 4 show the first, 

second, third 11< fourth injected 

posilions of tiquid CO 2 • 
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