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Silica scaling has been one of the major problems in geothermal engineering. Scale prevention, 
monitoring and removal are necessary to counter excessive silica scaling in geothermal surface 
facilities and the reservoir. This study aims to characterize silica scales in terms of physical 
properties and chemical components. For this, the deposits are examined on the difference in 
density and porosity of silica scales formed in aging tank, canal and surface pipelines in the Otake 
and Tiwi geothermal fields, both of water-dominated system, as a meas\U'e to help in the mitigation 
process. Density has been found t.o not vary significantly across layers of the deposit for all 
samples. Average density of solid deposits from these two fields ranges from 2.15-2.20 g/cm.3• 

Apparent porosity, on the other hand, showed different 1rends in the result depending on the 
location of the sample in the surface facility. A homogenous porosity was observed for samples 
collected in surface pipelines. An increasing porosity was obtained for subaqueous solid deposits 
found near the aging tank. Similar trend in porosity was observed for samples obtained within the 
surface level of the aging tank. Iron and aluminum was detected in the sample but in very low 
composition compared to the amorphous silica that dominat.es the deposits. 

1. Introduction 

Water-dominated geothermal systems are prone to 
silica scaling issues. Silica remains in liquid-phase and 
thus becomes oversaturated after steam is extracted from 
the produced geothermal fluid. Excessive silica scaling 
in geothermal reservoir and surface facilities may cause 
breakdown of steam production. Mitigation of silica 
scaling involves either limiting of operating pressures; 
consequently of well output, or implementing silica 
inhibition methods. In the Wairakei geothermal field, the 
first geothermal power plant to have exploited the 
commercial significance and operation of wet 
geothermal resource1>, water is separated at a higher 
temperature to minimi:ze the significant scaling of pipes 
and reservoir. It has a reservoir temperature of 26C>°C2

) 

and a separation temperature of 135°C3
). Separating, 

however, at high temperature does not exploit fully the 
potential of the geothermal field. In 2005, a binary 
system has been built to extract more energy from the 
spent fluid. Discharged geothermal fluids are either sent 
to the pra'Wll farm in the adjacent area for direct-heat 
utili7.at:ion or are sent back to the formation. The Ot.ake 
geothermal field in northeastern Kyushu, Japan 
experienced excessive silica scaling in reinjection 
pipelines in its early stages. Yanagase et al. in a series of 
experiments have devised a method to lessen this silica 
scaling 4>. In an ageing tank, the geothermal water was 
held for an hour before it was reinjected back to the 
formation. This retaining system through ponding 

allowed the dissolved silica to be partly converted to 
polymeriud silica during that hold-up time. A 
satisfactory result has been observed in reducing the 
amount of deposits in the reinjection system. The Tiwi 
geothermal field in the Philippines also experiences silica 
scaling in the field. Aside from the regular mechanical 
clearing of pipes plugged with silica scale, they also 
make use of "cold brine" reinjection wherein they flash 
the separated water at atmospheric pressure before 
reinjecting back to the formation to deal with silica 
scaling. This "cold brine" reinjection reduces the amount 
of monomeric silica in the solution. 

Laboratory and field experiments have been conducted 
to understand silica scaling mechanism. Rothbaum et al. 
investigated on the physical appearance of solid deposits 
through aging of geothermal waters5). Effect of 
hydrodynamics was also studied to account for the 
particle siu, fluid temperature, and velocity in the silica 
deposition process6J,7). Chemical composition aaoss the 
layers of the siliceous deposit was also investigated to 
know how the growth of silica proceeds in terms of the 
distnlrution of chemical components8>. A case study was 
also done to investigate the cause of the loss of 
reinjectivity of geothermal fields in Coso and Salton Sea 
where they found layers of silica scales with mineral 
precipitates in the soil structurelll. 

Investigation of solid deposits has not only provided a 
better understanding of the deposition mechanism. but it 
ha,, also provided insights about the behavior of the 
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geothermal n:servoir. For cases of pipe and tank cleanups, 
information regarding the physical characteristic of the 
deposit might be helpful in coming up with a logistic to 
do the cleanup operation systematically. Matsuki et al. 
studied the removal of scales in geothermal pipes with 
high speed water jets, where tensile strength of the scale 
and the driving pressure of the water jet were observed to 
be roughly proportional to each other1°>. Demir et al. 
have studied the type of scaling in hyper saline 
geothermal system in Tuzla, Turkey to aid in its scale 
prevention11>. Also, in the effort to estimate the amount 
of deposition in a pipe or in gravel beds, the inclusion of 
physical parameters such as density and porosity of the 
deposit is deemed to be necessary. These are parameters 
that briefly descn'be the nature of the solid deposit. Itoi et 
al. has included these parameters in their mathematical 
model of silica deposition'2>. 

This study provides a description of the physical 
characteristics of silica deposits, specifically the 
quantitative measures of density and porosity, from the 
Otake, and Tiwi geothermal fields. This also looks into 
the difference in porosity within layers of deposit in 
geothermal facilities. 

2. Method 

2.1 Sampling of solid deposit 

Solid deposit samples were collected from surface 
facilities in the Otake geothermal field in the 
northeastern Kyushu, Japan and the Tiwi geothermal 
field in southeastern Luzon, Philippines. Both fields are 
of water-dominated system. 
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Fig. 1 Schematic diagram of sampling site in the Otake 
geothermal field 

2.1.1 Aging tank and canal 
Five solid samples from Otake were collected within 

and around the containment sump, which serves as an 
aging tank for the geothermal brine. The aging tank 
holds the geothermal water for about an hour allowing 
the monomer silica to polymeriz.e before reinjecting the 
water to the formation through reinjection wells. Three 
samples were collected within the aging tank (OTK.-1, 
OTK-7 and OTK-7'}, and two along the canals (OTK-8 

and OTK-9) as shown in Figure 1. The tank is 3m deep, 
7.4m wide and 20m long. The flow of the geothermal 
water is shown in the figure. The collected samples are 
shown in Figure 2. The OTK.-1 sample has a thickness of 
9-14cm. OTK-7 sample has I0-12cm thickness. OTK-7' 
sample has a thickness of 19cm. OTK.-8 and OTK.-9 
samples have thickness of 7-1 lcm. 

Fig. 2 Pictures of Otake samples. 

2.1.2 Surface pipeline 
OTK-4, OTK-5 and OTK-6 were all collected from 

the exit end of the pipes of the reinjecti.on pumps in 
Otake as shown in Figure 1. They have thicknesses of 
4cm, 2cm and 3cm, respectively. 

Figure 3 shows the solid samples obtained from the 
Tiwi geothermal field. Solid deposits (TWI-1, TWI-2, 
TWI-3, TWI-4 and TWI-5) collected in Tiwi were 
obtained from five dllferent derommissioned pipes that 
were used in the "cold brine" reinjection line. Each 
sample measured around a quarter of the pipe with 13-25 
cm in width. The thickness of each sample depends on 
the amount of deposit in the pipe. 
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2.1 S•npl• prepara&• 

All solid deposit sample. i'om Ollb md TWI-1, 
TWI-l and TWI-4 umplct from Tiwi wen: divid£d into 
layl'ft to teprelOlll chrvnologlcal depollliott ott !he 
~. Tho lllll!lb« "If la yen depelldod w the l!W:laiesi 
of cvh aolicl dqlociL TWI-3 lllld TWI-S aampkc were 
IBken aa ia. Thtn: waa not enough depoAt to llllB1yze for 
eoac:h 1ayc Alijoecm Cllbe8 - oticamec1 &r -h 1ayer; 
one wu amlyzecl fOI' dcnai!:y and lite alba' tor appmcnt 
pcnai!:y. All samples wae oven-dried for 24 ho11111 at 
10S°C ad wm eooled down at room lempcalUnl ill 
&siccmrt dehumidifier priacto m~ 

81ilid aamplea for dcm:ity me1111111e111e1t were 
pulvcllized usillg m apto mortar: 'Whilo solid samples for 
qipmm poroci!:y m--=werc co.m:d with paraffin 
WU. 

1.3 c~a m.etbodl 

2.3.1 ~ 
Dem:ity, p <lfrzrl), of !he solid depoait Wll8 lllll88Uled 

Wlillg~ me1hod. Itis ~usili8Eq. (1). 

w: -W: p= i t p.,. (1) 
((W.-w;)-(~ -W1 " 

where W1 is die dry weight of tbe pymammr wiih lid 
(g), W1 is tho dry wqbt of the sample iD. pyc:llOmeter 
wi!h lid (&), w, is the wei,llhi of Cho samplo dot' 
dqiRaurizing and adding Wiiia' lip to die brim of the lid 
of 1he ~ (g), w. ii !ho weight of tho 
pyc:nomeClllr wilh Wiiia' up to the brim of tho lid (I). and 
p,, iB die dcns:ity of water at lmlpcralme T"C <lfcul). 

2.3.2 Appan:nl porwity 
Tho porojlity of tho deposit is the volume of r><n 

ape.cea in a 1111it wlmne of sample. The appmell1 porosity 
wu meuured from Ibo bulk denalty of the aample. The 
pnffin.-ilod sample was supendod in a 81ring lllld 
wu a:u!Jma:gcd in a waler of Jmown dcne:ity. When the 

aamplo ftoated In the -· a cyllndrlClll bmas of known 
weigbt md VOiume W1l.ll plaeecl Oil tile samplo 115 added 
~ 

The bulk volume waa meuu:red from tho amoUlll of 
disp1-cl water 11po11. Sllbmenioll. Poromy, ;("/,), wu 
cw.J!!lrd - folloWB, 

(2) 

v. = w ... .. 
p, 

(3) 

Y=(w.,+~)-w,. -Y.-Y (4) 
p., ¥ • 

where V,. is the wlmne of the amnple (m:/), V ia the 
bulk vohlmo (rxrl}, W4 is Ibo dry weiglli of Cho sample 
(g), p. ii the dm.rity of ample at 1mlpCnlmc T'C 
<lfem."}, Wb is !he weight of the maaa of 1he oylindrioal 
1xrass (g), w.,,, is tho~ of tho samplo md tho bms 
in Wida' (&), p,, is the dm.li!:y of wim:r at lc1i4" nhme 
T'C Wcul). v, ia the volume of the b:rus (ml), and V0 

is tho volumo of Ibo pardhl. ~ Oii. Cho sample 
(~').v~ wu calc1ilatcd using ihc dim.crutlon, mdiuJ and 
bagb1 of the bmas, and V0 Wll8 calculm:d U8lng the 
amoiw 811.d dOl!Sity ofparalfin wu (.p,..=0.9 fl=.~. 

2.J.J XRDanaly;m 
X-my djffilicQoii (XRD) pNtUo of the samples was 

oblaine4 to cmnine tho miwn1 composi!ion of the 
deposit drruugh i1B apemal informelian UBing a 
RlgalwRINT-21~. 

2.J.4 SEM-EDX~ 
Soomlng-e!OCU'Oll mlc:rote0py (SEM} cioupled wilh 

~-dispeqivo x-ray ~ (EDX) were wed 
to idcn!ify tbe moipholo,l!icd lltr'llll:lme of tbe deposit in 
depth and to detlllllline !ho e&emems p:ll'Jllllllt lo. the 
samplo (SS-SSOS. Shimadzu; EDAX). Due to the poIOUJ 

DlllUlc of the llilica dcpce:i1, pxcpming a poliBhcd &eetion 
of !ho MIJ1)lllll fJ1r SBM·BDX 111181.ym wu difficult to 
mab. Ollly a select polished samplo from Tiwi W1l.ll 

analyzed wilh SBM-BDX u rqm:a.mllllive &lllllplc. 

3. Relultl ad dlsl:Ullion 

3.1 Vil1W obternltloa 

OTK-1, OTK:-7 811.d OTK-7' - all '°11~ irom 
the wan of the qin& t1mk. All .amp1¢.iJ were o'beaved to 
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have increasing pore sizes from the deposit near the wall 
to the surface of the deposit. Initial deposits in OTK-7 
sample, which was located at the water level near the 
entrance of the aging tank, have smaller pore sizes 
compared to that in OTK.-1, which was located near the 
exit of the aging tank. Layers of different morphological 
structure comprised both samples. OTK-1 deposit varied 
from soft to hard and brown to white from first layer to 
the exposed surface of the deposit, while OTK-7 deposit 
consisted of alternating porous and less porous layers. 
Both samples contained white, porous and fibrous-like 
striations oriented at the direction of the water flow. 
OTK-7' sample, a subaqueous deposit and the thickest 
among all samples, exhibited hard to soft layers of 
deposit where the topmost layer contained striations of 
brown and soft deposit. The OTK-8 and OTK-9 were 
collected in the open canal surrounding the aging tank 
near the entrance and in between the upper and lower 
tanks, respectively. These samples consisted of several 
layers each with different morphological structure. 
Layers of deposits varied in color appearance from the 
initial white deposit to alternating brown and gray 
deposits with white deposit finally comprising the 
topmost layer. Pore sizes seemed to decrease from 
bottom to top layer with large pores sparsely scattered in 
the sample. No change in pore size and color has been 
observed across layers for OTK-4, OTK.-5 and OTK.-6. It 
contained small pore sizes and particles and consisted of 
several Imm layers of deposit. 

Solid deposit samples obtained from Tiwi have 
somehow similar texture with those obtained from Otake. 
All Tiwi samples were collected from decommissioned 
geothermal pipelines. TWI-1 has pronounced alternating 
layers of white and gray deposits. Initial deposits were 
harder than subsequent deposits. The topmost layer has a 
very soft deposit. TWI-2 has alternating layers of around 
5mm distinct white, brown and gray deposits. 
Subsequent lcm-thick white deposit and gray deposit 
were also observed to have deposited. TWI-3 has similar 
physical appearance with TWI-1. The topmost layer 
contained large and soft particles that were sparsely 
distributed in the surface. The soft deposits can easily be 
pressed by finger. TWI-4 and TWI-5 has similar 
physical composition of the layers in the deposit. These 
samples contained a white-red-white deposit sandwiched 
between brownish white deposits. TWI-4 sample, 
however, consisted of an initial black and hard deposit 
near the pipe wall, which can hardly be pulverized with a 
mortar and pestle. All layers were observed to contain 
more pore spaces except for the black and red deposits 
that were seen in several samples. 

Visual inspection of the formed solid deposit gives us 
an idea on the periods of deposition that occurred on the 
surface as manifested by the different layers in the 
deposit. Rothbaum et al. observed that the physical 
characteristics of the deposit changes with the variation 
in the fluid temperature, flow rate, pH and hold-up time. 
Hold-up time is defined as the duration of aging of the 

geothermal water before injection. Hard spiky scale 
deposits were observed for shorter hold-up time as 
compared to a soft scale deposit for streams that were 
hold-up for longer time. Little scaling was observed for 
pH4 and hard and much scaling for pH85l. 

Color appearance of solid deposits also suggests the 
presence of other particles or chemical components in 
the deposit. Amorphous silica deposits usually appear as 
white or gray solid deposits. Solid samples obtained from 
Otake were mostly gray, especially those collected from 
the containment sump. 

3.2 XRD result 

XRD profiles of the Otake samples show a broad 
signal associated to amorphous silica as shown in Figure 
4a. Results for Tiwi samples additionally include peaks 
corresponding to halite as shown in Figure 4b. Based on 
XRD result, Otake and Tiwi samples are rather 
homogenous in terms of mineral composition. 

10 20 30 40 
28 (0

) 

Fig. 4.a XRD data of OTK samples. 
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50 60 

Fig. 4.b XRD data of TWI samples. Extra peaks seen in 
TWI-4 and TWI-5 samples correspond to halite, 
NaCl. 

3.3 SEM-EDX result 

Results of SEM-EDX show the probable inclusion of 
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Fe and Al in lWI-4 aample Wiieaponding to the blaclc 
8llCI ftd deposit in Cho aampJo as showll ill. Figaro Sa, 
mpcctivdy, howm:I' in low spc<:tml signal ~ lo 
silica and the ~d slgnal. The mm depoii:t .. 
shon ill P~ Sb may havo QOmo aom a C()G~ 
pipe ~ and the dig901ved iron -Y have b-. 
tnmJpomd dawn.llream u 11111pmded pmticle. 'lhe 
ebirimnn en tho other IMmd, as shawn ill Figure Sc may 
havo QODl.O fnlm an alumimrm sili~, which fOrmecl in 
the aohllion BDd he.ft precipi:lmcd u dqioHil 

The morpho108)' of lllica ICalea in !ho depo&lt wu 
also analyzed in deplh UJing SBM. Band-pida!d 
localiom in TWI-4 aample shows ~ of 
llphe:rlclll. flll'DClurel of am.orphowi llillca depoalta aa 
slw>WD. in Fi,e'unl Sd. In somo pm1 ~ 1Ubular 
strw:Cllrft of NICI. W1:ft: cbiel Qcd to pn:cipitale M llhown 
In Figure So. Chemlrtry of1twi ~brine showed 
a high QODlelll of Na 11111 Cl ion& of &roUDd 9000 wm 
ad 16000 ppm, n:spcclim,.U>. NaCl cryllBl me.y bave 
formed from !ho rmudrt!ng geothermal ftald in tho 
samplo when tho samplo WU Oftll-cbied dlllin,e tbo 
sample pxcparalian.. 'lhc presence of NaCl is llho 
oble:rved in the XRD profile es peeb ofhall!e. 

Ft,. 5.a TWI-4 polishod sample. 

JA Dimity 

Dell.lily of the aotid dqioe:it sample6 colledM in the 
Otab and Tiwi. podurmal fields lllD. en almost aimilar 
l1lllP that is lower than that of P1J!O silica (F2.6S rJml}. 
'Illble I """""..;""' die n:nlt of demity mcu:umm:nt. 
Tho ~ of !ho m.e6IUrOd domity of tbo Otab 
iiampteg obUlined in the wlll8 of the aeiqumk wu 2.IS 
glarl; while thaec that ,..._ collcc:tcd in the pipe in the 
mzvection pump has 1111. average~ density valub 
of 2.18 f/t:m3• ~ is alJIO no conldio11 seen in tho 
distance of die depo«it &am die wllll of die 81llllp ad 
pipe to the topmoat lay\ll' of tbo depow ill Ull'llll of 

dmsity valua. It Cllll be aDd that thc Olllke aample6 wm; 

ho:mogOIWllS in ~amon as ~ lll8llifN1od in lhe 
n:1IUlt of XRD. 

The Turi aamplu, on the olhlZ' h.md, have 1111 IMl1l!JC 
demity w.luo of 2.16 tfgr/, Tho domity of tho solid 
deposit a:mplce in Tiwi is similar lo fha1 of Otala: 
~ HoWIM:r, for Tlwi sample&, a diffumce in 
demity has b-. ~ fer tho layers of samples of 
TWI-4, A decnuini dlmJity Vllluet from the pipe wall is 
obaerved. in the ft:8uh. Thia ia ll8&0CiBled with the 
diffin- in coqwilioD. of solid depoait ill tho samplo. 
This is 1ho samplo whidl has a hard blade layer of 
deposit near the pipe wall u thown in Figure 3. Od!.er 
la,m a1ao .-1ala.ed a bard !llddlsh brown deposit aa 
shown in Figaro Sa. 

Ilg. ~.b-e SBM-ED.X n:1IUlt fur poims specified in Pijpm: 
4.a; b.)Si - S2.S7 Wt%, 0 - 43.26 Wt".4, Pe -
3.24Wt%, S-0.93 Wt%,~)Si-S6.1SWt%,O 
- 43.2'7 Wt%, Al - 0.48 Wt%, d.)Si - 52.16 
Wt%, 0- 47.&4 Wt%, e.) Si- 22.49 Wt%, 0 -
60.41 Wt%, Ne-8.SS Wt%, Cl-8.'4Wt",\;1ho 
inlet with croMhllir also com.pondg 10 NaCl 
found at dilfen:nt loc:sliC111 in the aample. 

3.5 Appanm pol'OlitJ 

D.lffeNllt Ulll1d9 Ill Ibo result of 11ppma.t porosity 
~ 1br tho samples weR ~ed at diftitlrem 
locllliom of mnplca. Ra:u!t of porosity mC8lllmlllCD1 ia 
shown ill Tuble 2. 

3.5.1 Nt!IZT t!ll.lrmtt:e of agbllf. ltmk '11t.d C4llal 
A wbble ~ Ill poto!l:!ty value bu been 

obscved 1br samples ob1ained in die sump and -.al u 
ah.own in Figure 6. The OTl:.-7' 110lid df:polit W1l8 

oolleoled ln the agiDs llmk neat thc tilllaooe and OTK·8 
waa obeamod in tho opca. -.al J1C111t Cho e11~ of lbe 
~ tmlk. Both wcxc locmd at th.c ''ltart" of the 
n::injeolion lljlllml and wm> Sllhe.queo1111 depoiitB.. Thia 
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increase in porosity value may be associated to the 
ageing of silica gel which deposited on the surface. As 
monomeric silica deposits onto the surface and as other 
monomeric silica attaches to previously deposited silica, 
polymerization talces place while soft gel is formed in the 
process. As the silica gel ages, more water is drawn out 
from the deposit creating a stronger and more compact 
silica gel structure14l. This mechanism via dehydration 
may explain the increase in porosity value observed in 
the layers of OTK-7' and OTK-8 samples. Previously 
deposited silica experienced more dehydration in the 
process compared to the deposits found near the 
outermost layer; thereby having more condensed silica 
deposits in the first few layers. Less pore spaces were 
contained as more water is drawn out of the deposit. The 
flow through these sampling locations was rather slow 
due to its rather large and open space area; it was enough 
for the deposited silica gel to continue to form in the 
process without having washed off from the surface. 

80 

~ 60 

~ 
"' e 
&. 40 

20 

-6-0TK-7' 
-G-OTK-8 

0o 5 10 15 
Distance from the wall of the sump or the canal (cm) 

Fig. 6 Solid deposits located near the entrance of the 
aging tank. 
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~ 
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-6-0TK-1 
0-0TK-7 
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Distance from the wall of the sump (cm) 

Fig. 7 Solid deposits collected in the aging tank at 
Otake. 

3.5.2 At suiface level in aging tank 
Results obtained for the OTK-1 and OTK-7 samples 

are shown in Figure 7. Both exhibited the same trend in 
measured porosity values. Since both samples were 

collected from the same aging tank, this may explain the 
condition of the geothermal water in the aging tank 
during the deposition process. Having similar results as 
the deposit builds up on the surface suggests that both 
locations were experiencing the same condition during 
the duration of deposition. OTK-7', however was also 
collected from the aging tank, was situated at the middle 
part of the wall along the flow path of the aging tank 
where it may have always been submerged in geothermal 
water prior to shutdown of well production for 
maintenance operation; hence the difference in the 
porosity across its layers compared to that ofOTK-1 and 
OTK-7. 

3.5.3 In suiface pipeline 
Deposits that formed in pipelines behave differently 

from above. OTK-4, OTK-5 and OTK-6, which were 
obtained from reinjection pipes, have porosity values that 
were ahnost homogenous across layers as seen from 
Figure 8. 

80 

20 

B-TWJ.1 
G-TWl-2 
-<)·OTl<-4 
-&oTI<-5 
-9-0i'K-6 

1 2 3 4 
Dislane from the w.iU orthe pl,pe (cm) 

Fig. 8 Solid deposits obtained from decommissioned 
pipes. 

80 

-~ 60 

~ 

~ 40 IJ 
Q. 

20 

00 5 10 

";;'"TWl-4 
-&OTK-9 

15 
Dislane from the w.ilt or the pipe (cm) 

Fig. 9 Solid deposits which may have dense materials 
near the wall of the pipe. 

Similar trend is observed for samples obtained in the 
pipelines of Tiwi (TWI-1 and TWI-2). Compared to the 
flow in the sump, flow in the pipelines is generally in 
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turbulent condition. This may have prohibited the growth 
of silica gel to form on the surface as they were being 
washed away before it even matured. Colloidal particles 
in the solution may have grown in size and may have 
suspended in the downstream side due to particle inertia. 
While monomeric deposition may have taken place along 
the pipe walls, particle deposition may have also 
contributed in the deposits formed on the surface as 
suggested by the large porosity value observed in the 
deposits6

• 

Similarly for the TWI-4 and OTK-9 samples, which 
were obtained from the pipe and the canal, respectively, 
the deposits showed an almost homogeneous porosity 
value across its layers except for the initial layer which 
has lower porosity value compared to the subsequent 
deposited layer as shown in Figure 9. The initial layer of 
TWI-4 sample consists of dense hard black layer of 
deposit, which may have contributed to the decrease in 
apparent porosity value of this layer. Succeeding layers 
have roughly homogeneous porosity values. Similar 
result was obtained for the OTK.-9 sample. 

4. Summary 

Solid deposits from geothermal fluid have almost 
similar density values for the samples obtained at surface 
facilities in the Otake and Tiwi fields. No variation in the 
density of the deposit was observed for different 
episodes of deposition in the samples except for a deposit 
in Tiwi which contained deposits other than that of the 
silica. Results of porosity measurement exhibited 
different trends in porosity values depending on the 
location of the solid deposit in the geothermal facility. 
Samples obtained from reinjection pipes have generally 
homogenous apparent porosity values across layers of 
deposit. Samples obtained near the entrance of the aging 
tank and canal and were subaqueous have an increasing 
porosity from the wall of the tank and canal to the 
exposed surface of the deposit. Samples obtained at the 
aging tank within the surface level at different location in 
the tank showed similar trend in porosity value for each 
layer of the deposit. Presence of iron and aluminum was 
also observed in one of the representative samples from 
Tiwi. 

Knowledge on the physical properties of solid deposits 
found in the reinjection line provides aid in the 
maintenance operation in terms of silica scaling removal 
in the geothermal field. Estimation of silica scale 
production can be further improved considering the 
difference in the porosity of deposited silica scales and 
the average density of solid deposit in numerical models. 
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Tuble 1 Average measured density for the representative 
solid denosit sarnnles of each iz.eothennal field. 

Distance from 
Average 

Sample the wall of Density 
ID sump or pipe (g/cm3) 

Density 

(cm) (g/cm3
) 

0.5 2.15 
1.5 2.12 
2.5 2.16 
3.5 2.16 
4.5 2.22 
5.5 2.16 
6.5 2.17 

OTK-7' 7.5 2.14 2.15±0.03 
8.5 2.16 
9.5 2.16 
10.5 2.14 
11.5 2.19 
12.S 2.13 
13.5 2.14 
14.5 2.12 

OTK-4* 2.18±0.03 

TWI-1 
1.5 2.16 

2.14±0.03 
3.0 2.13 

TWI-2 
1.5 2.11 

2.13±0.03 
3.0 2.16 

TWI-3* 2.14 
1.5 2.22 

TWI-4 3.0 2.18 2.18±0.04 
4.5 2.14 

TWI-5* 2.20 
• Stratigraphic analysis was not done on the solid deposit 
sample. 

Tuble 2 Average measured porosity value for each layer 
f lid d . 0 so lenos1t. 

Distance from 
Sample ID the wall of sump Porosity<"•) 

or oioe (cm) 
1.5 76.2 

OTK-1 
4.5 62.0 
7.5 66.2 
10.5 61.0 
0.5 75.7 

OTK.-4 
1.5 66.7 
2.5 65.9 
3.5 63.9 

OTK.-5 
0.5 64.1 
1.5 63.1 
0.5 73.9 

OTK.-6 1.5 66.7 
2.5 67.1 
1.5 72.4 

OTK.-7 
4.5 65.7 
7.5 75.4 
10.5 73.1 
1.5 40.7 
4.5 39.8 

OTK-7' 
7.5 46.6 
10.5 54.0 
13.5 58.6 
16.5 70.4 
1.5 49.0 

OTK-8 4.5 60.2 
7.5 73.7 
1.5 57.9 
4.5 64.9 

OTK-9 7.5 58.6 
10.S 53.3 
13.5 52.9 

TWI-1 
1.5 67.6 
3.0 60.4 

TWI-2 
1.5 66.5 
3.0 61.3 

TWI-3 1.5 65.7 
1.5 55.7 

TWI-4 3.0 61.7 
4.5 59.6 

TWI-5 1.5 66.8 


