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GEOCHEMICAL TECHNIQUES APPLIED TO MEDIUM-TERM DISCHARGE TESTS IN TONGONAN
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ABSTRACT

A medium-term discharge test (MID), typically
lasting 6~12 weeks has long been used in Philippine
projects for assessing stable well output, at
different wellhead pressure conditions.

The format of the MID has proven to be well suited
for obtaining the optimum information fram the
chemistry of discharge fluid. In particular the
changes in discharge chemistry seen during the
initial discharge and at varying wellhead pressure
have been useful in chemically characterising
different production zones within individual wells,
and in rationalising overall field trends. This

At Philippine geothermal projects administered by
PNOC-EDC, it has became standard practice to
determine stable output parameters for all newly
drilled wells, at a range of flowing wellhead pres-

ulation of on-going drilling strategy. In addition,
the tests are important for long term reservoir
management, in that they allow for caompilation of
base-line reservoir data before large-scale
camercial exploitation of the field.

To obtain the necessary output data a standard
discharge format has been used in Philippine fields
that has became known as a medium-term discharge
test or MID. A MID typically consists of three
phases of testing:

1) INITIAL FULL-BORE DISCHARGE (FBD). An unthrot-
tled discharge to clear the well as quickly as
possible of drilling fluids and surface water
introduced during well campletion tests, and to
provide stable data at maximum output.

BAG(—PRESSUREPIME(EPP) SERIES. Once stabili-
zation under FBD has been attained, the well is
throttled at one-week intervals to successively
higher wellhead pressures (WHP), using back-

2)

pressure orifice plates. Stable output data is

obtained for each BPP. The designations and

sizes of the BPP's are given in the appendix.
3) OONCLUDING FULL~BORE DISCHARGE. After stabili-
sation at the most throttled condition, (high-
est WHP) the well is returned to FED to re-
assess the stable maximum output.

MID output data is camplemented by downhole temp—
erature and pressure measurements obtained i
heat-up, discharge, (flowing downhole surveys) and
sh:t—-in’mﬂiﬂam.

Although the MID was instituted principally with
engineering objectives in mind, its format has
bemmmbaidaallymmdﬁurume;m-
chemical evaluation of the well. The BPP test
sanesmpartimlarhasbeenfammbeasuse—

pressuxeqprondevaluahleins;ght
into the behaviour of multiple production zones
and reservoir processes. As a result the MID has
gvplvedmthepommitismmidemda
Jjoint reservoir engineering and geochemical evalu-
ation of the well, in which the data fram each
disipline are camplementary and together provide a
more lucid understanding of the reservoir.

The name 'medium-term' is used to differentiate
the MID from an initial short-term, (several hours)
vertical discharge and possible future long-term
production discharges. At the Tongonan project
environmental constraints have became increasingly
more limiting in response to the need to test more
wells at any one time. To comply with
constraints the duration of the MID's are now fre-
quently shortened to 4-6 weeks fram the 6-8 month
test periods which were previously possible. Never-
theless the basic format of the MID is still re-
tained, albiet in condensed form.

aatardaxdatnnqﬂmericailemermthanerﬂ—p;pe

lip pressure and weir-box to measure dis-
charge enthalpy by the critical discharge pressure
method, (James, 1966) and total mass flow. BPP's
are installed between the wellhead side-valve and
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constraints on discharge may be avoided, and
laonger tests scheduled, by using a sepa-
rator and reinjecting separated water.

The chemistry of the Tongonan geothermal field,
on which this paper is wholly based, has been
described in detail by Barnett (1979), and
I.ovelock et al.(1982). 'Ihem-:gunanresewo:.rls
a liquid-dominated system with reservoir tempera-
ture and chloride concentration ranging from
330°C and 9000 ppm in the postulated central up-
flow, 10 250°C and 5000 ppm at the margins of the
currently delineated deep resource.

CHEMISTRY OF THE CLEARING DISCHARGE

Although the most important chemical data fram an
MID iS that obtained Under stable di con—
ditions, the chemistry Of the initial clearing
discharge should not be overlocked. During the
first few weeks of di , chemistry Often
changes rapidly and consistently and provides
information that ney not be available subsequently.

IT significant losses oOf circulation are encoun=
tered during drilling, the local reservoir about
the well bare, may be considerably modified with
a laterally extensive zone of mixing between
cooler drilling fluid (water or mad) with little
chloride, and hotter, more-mineralised geothermal
fluid. During the well heat up period before dis-
Chia’tﬂe the reservoir may be modified still

I by oxidation by introduced drilling fluids,
chemical reequilibrium, horizontal flows, ar in-
ternal bore flows between separate reservoir
zones. Much can be learned about these processes
3{ intense sampling (every 1-2 days) during the
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JRELE 1
Drilling and discharge dxta ~ Wells 403, 405

Drilling

Date spudded
Date

campleted
Duration of drilling (days)
Total Depth (m)
Circulation losses:
Depth (m) Partial
Total

Total mass of lost
circ'n fluid (tonnes)

Initial Injectivity (1/s.MPa)

Mediun Term Discharge Test

Date MID commenced
Duration from end
of drilling (days)

Mass flow rate, FED (kg/s)

Total mass drilling fluid
discharged (tonnes)

WELL 403

Rpril 4, 1980
July 94, 1980

2470

1330-2400
2430-2470

67,000 + 208
9

Aug 17, 1980
‘37
30

28,000 + 10%

WELL 405

May 3, 1980
July 6, 1980
64

2290
850-2290

69,000 * 10%
35

Oct 10, 1980
97
105

lesa than 5000

During the initial discharge the most obvious geo-

chemical trend is

fluid is drawn in.

increasing mineralisation
(increasing chloride) as drilling fluid close to
the bore is discharged, and undiluted geothermal

Figure 1 shows -the chloride

versus time trends of Wells 403 and 405 at

Tongonan. These two wells which had similar
drilling histories, differed greatly in their stab-
lisation times; Well 403 requiring three months

ing discharge period. and Well 405 several days only. (The increase in
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FIGURE 1:

Sllc_rq:arim of chloride versus time trends for Wells 403 and 405 during period of clearing
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Chloride concentration for Well 405 under throttled
conditions is believed to be due to a second zone;
see later section, this paper). To help rational-
ise this difference, drilling ard discharge records
were used|to estimate the mass of drilling fluid
lost to formation during drilling and the mass
subsequently discharged (Table 1). Drilling
records showed that both wells recsived equally
large volumes of drilling fluid, (approx 70,000
tonnes) during extended periods of lost circula-
tion. The mass of drilling fluid discharged wp to
the point of stabilization was estimated the
degree Of dilution relative to the stable maximu.
This was calculated at 28,000 tonnes for Well 403
and less than 5000 tonnes for 405.

That Well 405 appeared to discharge only a small
fraction of the original drilling fluid lost to
the fommation suggests that drilling fluid wes
removed fram the vicinity of the well bore by
lateral reservoir flows prior to discharge. The
high injectivity and rapid heat-up time %or Well
405 also support this, together with other evidence
for Well 405 being situated in a well-developed
outflow frun the centre of the field. Well 403,
which had a very long stabilisation time and dis-
charged about 40%0f the drilling fluid lost to
the formation during drilling, appears to be
situated in an area where resenvoir fluid is less
mobile,

The major assurptions inherent in the above
analysis, are that drilling fluid does not gain
significant chloride through water-rock reactions
prior to discharge, and the well produces frun the
zone(s) where circulation fluid IS lost.

OXTIDATION IN THE RESERVOIR BY
DRILLING FLUID

A distinctive feature Of many clearing discharges
in Tongonan is the relatively high sulphate levels
seen at the beginning of discharge and the tred
of declining so4 as thewell clears. This trend
is very pronounced for Well 403 as shown In
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FIGURE 2: _ Chloride, sulphate and C05/HpS trends

during initial clearing di. of ‘wvell 403.
(C1, S concentrations are for total discharge)
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Figure 2. The initial high s0, levels can be
attributed to the oxidation of Hys in the reser-
voir by exygenated drilling and campletion test

R TS RishPRored Y Se PR2feRer3tiCor
HS. As the well clears, both S04 and C02/H2S
decline as axidised fluid IS removed and undiluted
reservoir fluid is drawn into the well. Fram
Figure 2 it is also important to note that both
S04 and C05/H,S stabilise simultanecusly with
chloride, cnngimmg that the process of oxidation
is directly attributable to the presence of drill-
ing fluid in the reservoir.

MANTPULATING WHP TO DIFFERENTIATE
PRODUCTION ZONES

May Tongonan wells appear_to have multiple pro-
duction m s that differ In temperature, and
water and gas chemistry. Different production
zones may also have formation pressures that
differ relative to the well bore pressures uder
discharge. Therefore, when WHP iS changed At each
stage of the BPP series the relative eontribution
fram different zones may also change, and this
will be reflected in both the water and gas
chemistry of the resulting discharge.

For a well producing fram a sirgle production
zone, one would not expect total-discharge gas
concentrations tO change appreciably with

in di enthalpyangcaused by iso{hermal boiling
In the formation, unless steam is lost before
entering the well, (Glover et al., 1981). well
2082, (awell Geepened from 835 to 1995m CHF)
showed during its MID a consistent and marked
variation of gas and enthalpy with WP, as shown
in Figures 3 and 4. levels are highest under
full-bore discharge itions (low WHP) and
decline by about 75 percent under back-pressured
conditions. The gas In Well 2084 is believed to
be derived principally fran an upper two-phase
zone that supplies a greater cantribution to the
total discharge, when well-bore pressures are
lower, compared to a deeper zone. This explan-
ation is supported by the chemistry of the orig-
inal shallow well 208 which discharged high
enthalpy (2500 J#g) fluid with significantly

gzzod% ©  FULL-BORE DISCHARGE
e BACK-PRESSURED
> i 0 SEE APPENDIX FOR
—— BPP DESIGNATIONS
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FIGURE 3 Trend of declining enthalpy with

increasing WHP, for Well 208a.
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higher gas levels, (2000 mmoles/100 moles in total
discharge), high sulphate (up to 3800 ppm in weir- FIGURE 5. Variation OF temperature-dependent
molar chemical ratics during BPP series of MID of

box) and low chloride (maximum Of 1050 ppm), ie: a
vapor-daminated zone formed steam

separat=
ion fran the deeper chloride water.

{

It 1S also possible to recognise zones
of different temperature by variations in molar
chemical ratios such as Na/K, Na/Rb, and Na/Ca,
which are controlled by temperature-dependent
mineral solution equilibria (Ellis and Mahon, 1977;
Fournier and Truesdell, 1973). Since chemical
ratios are generally not affected by steam loss,
they are particularly I when mterpreta.uon of
discharge chemistry IS confused by enthalpy
measurements that are not considered reliable or
show large fluctuations.

In Figure 5, chemical ratios are plotted for the
MrD of Well 405. The decline in Na/K and Na/Rb
ratios and increase inNa/Ca during the BPP series
is consistent with an increase In the relative flow

fran A higher= temperatime prodiction Zone, as
shown by the silica geothermometer.
the Na/Rb response 18
tha Et;hat of the more oftmgo—u%d Na/K ratlo
Na/Ca ratio responds in an ite manner to
Na/K and Na/Rb ratios because of the Inverse
solubility of calcite with increasing temperature.)

CYCLING WELLS

In sane wells, pressure responses to discharge in
different zones cambine to produce a periodic
variation in the relative contribution of two zones
which is manifested in cycling WP, mass flow and

It is inter- WHP

(MPa)
Tﬂ'ge o

Well 405. (see appendix for BPP designations)

enthalpy. The discharge chemistry of a cycling
well can be analysed in much the same way as that
for the BPP series of an MID; the variation of
total discharge chemistry with WHP during the
period of one cycle can be used to characterise
the two zones which are responsible for the effect.
Unlike with the BPP series, where stability is
usually attained at each WHP stage, monitoring the
dﬂnistryofacyclin;uellismrem:g,
(particularly when the period is short) since
enthalpy, WP, mass flow and chemistry are often
changing continuously throughout the cycle. Well
MG5D in Tongonan was found to cycle under full-tore
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FIGURE 6: Variation of WHP with time for Well
MG5D, during cycling on Aug 16, 1983.

TABLE 2: Chemistry and output data of Well MGSD during cycling, August 16, 1983, (refer also Figure 6)
SAMPLE SAMPLING WHP ENTHALPY  MASS FLOW C1. (W) Cl"lm GSP 007 (GSP) mzt’ml
[) PERIOD MPa abs ka/s mg/kg mg/kg MPa abs mmoles/100molesHy0
N 1 1400-1417 HRS 0.84-0.72 ? -1280 24.5 3190 1960 0.75-0.65 5450 1560
W 2 1500-1603 HRS 0.59 1150-1090 225 2700 1850 0.54 7380 1650
W 3 1547-1603 HRS 0.83-0.74 1220~1350 26.6 3280 2010 0.74-0.67 4950 1420
Mo 4 1650-1706 HRS 0.58 1160-1100 22.1 2670 1820 0.52 7790 1790

WBX - Weir-box sample (atmos pressure)
GSP ~ Gas sampling pressure

D ~ Total discharge concentration, calculated
using averaged enthalpy and pressure data
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FIGURE 7- (hlor:uie-coz mixing line for \Well MGsD,
constructed from data I Table 2.

discharge conditions with a period of about 4 hours,
(Finure A ‘The results of (as and watex samples
and output measurements, at the peaks and
troughs in the WHP cycle are presented in Table 2.
In Figure 7, chloride is graphed against 00 to
produce a mixing linehemeenahigh—gas zone and
a relatively h.l.gl'x-dl.lon.de The mixing line
may be extrapolated tD the pOSSIbIe campositional
limits of each zone. In this case a chloride con-
centration of 2700-2800 ppm is predicted for the
high-chloride zone by extrapolating to the gas
levels of two neighbouring wells MGl, MG2D. The
analysis N this example Is made difficult by the
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zeqlﬂmagagmrrecﬁmfortheeffectofmz

pressure on end-pipe lip pressure (Grant,
1983). 1In addition, the relative variation fram
the zone(s) causing the cycling is probably only
small (L0-20%) based on the variation in mass flow
and chemistry.

DISCHARGES WITH EXCESS -ENTHALPY

Wells which produce from a permeable, hot, liquid-
water reservoir generally have a single-phase
liquid inflow at the producing zone, under dis-
charging conditions. Subsequent boiling dur-
ing flow up the well bore is close to adiabatic
with the result that total discharge enthalpy
measured at the surface corresponds to that of
liquid water at the reservoir temperature.

At Tongonan, many wells develop discharge enthal-
pies significantly above that of liquid water at
the reservoir temperature. This excess enthalpy
may develop as a result of pressure—drawdown and
mmllmmmothermseliq\ﬂdm
voir, (due to relatively poor permeability) or may
be due to production from a naturally two-phase
zone. In Tongonan natural two-phase conditions
are believed to be pervasive in the upper part of
the central reservoir and data from shallow wells
suggests the fluid there is low in chloride and
often high in gas (see above, for Well 208).
Excess enthalpy is generally greatest under full-
bore conditions when downhole pressures
are lowest. Under back-pressured conditions dis-
charge enthalpy is seen to decline; a result of

enthalp¥ measurements which vary S|gnn|f|cantly higher wellbore pressures suppressing boiling in
within the period of sampling and which also the formation or suppressing production fram two-

9000 A O FULL-BORE DISCHARGE
& F emommer Al A ® BACK-PRESSURED

e T A
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FIGURE B: Chloride in total discharge versus discharge for Wells 208A and 213, showing steam

dilution at high discharge enthalpy, (under full-bore discharge and at low WHP)
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phase regions. High-enthalpy Tongonan wells show a
characteristic trend of declining enthalpy with
increasing WHP as shown in Figure 3 for Well 208A.

THE EFFECT OF EXCESS ENTHALPY
ON DISCHARGE CHEMISTRY FOR TONGONAN WELLS

Weirbax chloride concentration generally increases
with the development of excess enthalpy under full-
bare discharge conditions, &ue to the deminishing
water fractieon at amﬁhenc pressure. However,
for Tongonan wells which display large increases In
enthalpy, the resulting increase in weirbox chlor

ide is relatively small campared to the decrease in
the water fraction. As a result, total discharge
chloride concentration (Clyp) declines linearly
with increasing discharge enthalpy as shown in
Figure 8 forwells 213 and 208a. The versus
enthalpy lines appear to describe a simple process
of steam dilution since they extrapolate approxi:
mately to the enthalpy of stem uﬁg chloride con-
centration IS zero.

ﬂestaandllutlmtraﬂca:mtbee:mlmmdwa
simple process of isothermal boiling in a single
pmducangzmesuweam—phasemxtmmvmg
towards the well bore, with an expanding steam
fraction, would still maintain constant total dis-
daargemmtratims. The dilution trend is more
likely due to the contribution of low-chloride
fluid fram a separate two-phase region at a
shallower level, such as that discussed in the

For Tengonan Wells the Clyp versus enthalpy trend
can be used as an aid in calculating the chloride
concentration Of the deep lma-mter reservoir.
As shown in Figure 8, when Well 213 is back-
pressured with an Al orifice plate, discharge
enthalpy declines to about 1300 J/g, the enthalpy
of a 292°C liquid inflow., under this condition,
with no excess enthalpy, the total discharge
chloride concentration of 8200 pem is also the
aqw.fer concentration, since no steam dilution is
occurring. Far Well 208a which retains excess
enthalpy even under the most throttled condition,
(epp B6) the Clp versus enthalpy plot may be
extrapolated to the enthalpy of the deep single
phase reservoir, (obtained from the silica geo-

thermameter or downhole temperature SUNVEYS). In
this case an aquifer chloride concentration of
obtai i has
u?éoc%moll"smappu!q Lso—g&orme contours TOr the
deep Tongonan resenvoir. (Lovelock et al,, 1982).

The calculation of an aquifer chloride concentrat-

ion assumes a single major chloride zarne exists at

depth, which is single-phase under ron-flowing
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APPENDIX

Designations and S|zes of back-pressure
orifice plates (BPP's) used at Tongonan

DESIGNATION ORIFICE DIAMETER

(mm)
AB 191
A7 167
A6 147
AS 129
M 113
A3 99.0
A2 86.8
Al 76.1
BI 66.8
B2 58.6
B3 51.4
B4 45.0
B5 395
B6 34.7





