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SUMMARY 

In sampling and analyzing geothermal liquids, flow uncertainties, sampling 
biases, preservation difficulties and analytical interferences may lead to 
unreliable results. As part of a Department of Energy project in this field, 
Pacific Northwest Laboratory (PNL) was to encourage a common approach to geo- 
thermal sampling and analysis. 
been developed that is particularly suited to liquid-dominated resources and 
adaptable to a variety of situations. 
upon which variations can be made to meet specific needs or situations. 

Drawing from varied sources, a methodology has 

It is intended to be a base methodology 

The approach consists of recording flow conditions at the time of sampl- 
ing, a specific insertable probe sampling system, a sample stabilization pro- 
cedure, commercially available laboratory instruments, and data quality check 
procedures. Readily available equipment is utilized whenever possible. 

In order to reduce the possibility of sampling nonrepresentative flows, 
the following actions are taken: 

sampling after the well has been flowed at a high rate for at least 
1 day 

recording recent flow history of the well 

recording pressure, temperature, and flow rate at time of sampling. 

The sampling system includes the fol lowing components: 

insertion probe - for sampling from a selected point inside the 
pressurized system piping 

cooling coils - for reducing temperature while maintaining pressure 
regulating valve - for reducing pressure after cooling to avoid 
scaling and steam flashing 

filter - for removing suspended solids. 
Most sample components can be stabilized in the field for analysis in the 

laboratory as soon as practical: 
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0 COP i s  determined from a sample s t a b i l i z e d  w i t h  NaOH. 

0 H2S i s  determined from a sample containing z inc acetate. 

0 Cations and NH3 are s t a b i l i z e d  by a c i d i f i c a t i o n .  

0 Si02 i s  d i l u t e d  ten-fold t o  preserve it i n  solut ion. 

0 Hg samples are co l l ec ted  i n  glass b o t t l e s  containing an acid-oxidizer 
mixture. 

0 pH i s  measured i n  the f i e l d .  

For laboratory analyses, a combination o f  standard techniques and commer- 
c i a l l y  avai lab le instruments produce s a t i s f a c t o r y  resul ts .  
methods are: 

Speci f ica l ly ,  these 

spectroscopy [ i nduc t i ve l y  coupled plasma ( I C P )  and atomic absorption 
(M)] - f o r  cat ions 

0 co lor imetry  - f o r  s i l i c a  and ammonia 

0 ion  chromatography - f o r  anions 

0 se lec t i ve  ion electrode - for'ammonda 

0 t i t r a t i o n s  - f o r  su l f ide,  a l k a l i n i t y ,  hardness, C02, ch lo r i de  

0 gravimetr ic - f o r  suspended and dissolved so l i ds  

0 tu rb id ime t r i c  - f o r  su l fa te.  

Data q u a l i t y  checks are used t o  ensure t h a t  the ana ly t i ca l  r e s u l t s  are 
consistent. Charge balance (anion-to-cation r a t i o )  and mass balance ( t o t a l  
dissolved sol  ids-to-analyzed consituents r a t i o )  are calculated. 

Differences among various ana ly t i ca l  techniques were also addressed i n  
t h i s  p r o j e c t  using the r e s u l t s  from a round-robin i n te r l abo ra to ry  analysis o f  
samples from the Salton Sea and East Mesa geothermal f i e l d s .  The r e s u l t s  were 
in terpreted t o  ind icate which methods may requi re ex t ra  a t ten t i on  t o  ca l ibra-  
t i o n  i f  they are used f o r  geothermal samples. The basic i n te r l abo ra to ry  uncer- 
t a i n t y  demonstrated a c o e f f i c i e n t  o f  v a r i a t i o n  o f  15 t o  40%. An ongoing round 
r o b i n  among laborator ies would he lp t o  i d e n t i f y  and e l iminate biases and s t i l l  
al low ind i v idua l  laborator ies the f l e x i b i l i t y  t o  use methods o f  t h e i r  own 
choice. 
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1. INTRODUCTION 

Accurate f l u i d  measurements are important for  u t i l i z i n g  geothermal energy 
because data on f l u i d  cha rac te r i s t i cs  can be applied t o  process design, mate- 
r i a l s  select ion, p l a n t  operation and maintenance, and reservo i r  engineerng 
evaluations. 
samples, maintaining i n t e g r i t y ,  o r  reducing interferences, geothermal r e s u l t s  
may be incomplete o r  unrel iable.  
s i t i o n  t o  favor one component over another. 
o f ten  a problem; components may p r e c i p i t a t e  out, undergo chemical change o r  
evolve as a gas. 
always account f o r  interferences. 

Because no standard system has been establ ished f o r  bbta in ing 

Certain sampling methods may bias the compo- 
Furthermore, preservation i s  

I n  the laboratory, ana ly t i ca l  methods also vary and may not 

This repo r t  summarizes a v e r s a t i l e  sampling system and analy t ica l  method- 
ology, which i s  p a r t i c u l a r l y  su i ted t o  1 iquid-dominated geothermal resources. 
The techniques have evolved since 1976 as p a r t  o f  a Department o f  Energy pro- 
j e c t  or iented toward reso lv ing  sampling and analysis uncertaint ies,  
j e c t  has included a f i e l d  evaluation o f  a l t e r n a t i v e  sampling methods; f i e l d  
experience using the techniques described t o  support geothermal corrosion 
studies and a b ina ry - f l u id  e l e c t r i c  generating p lan t  monitoring project ;  round- 
rob in  evaluations o f  ana ly t i ca l  techniques; support t o  non-electr ic ( d i r e c t -  
use) appl icat ions; and laboratory  tests, discussions, l i t e r a t u r e  reviews, and 
handbook compilat ion o f  avai lab le sampling and analysis methods. 

This pro- 

The sampling system consolidates several techniques i n  order t o  obtain 
samples t h a t  are as representat ive o f  the source as possible. The procedure 
i s  described here i n  s u f f i c i e n t  d e t a i l  t o  permit samplers t o  assemble and 
operate t h e i r  own systems. 
b i l i z e d  t o  prevent de te r io ra t i on  p r i o r  t o  analysis. 
i s  centered around commercially avai lab le instrumentation and standard o r  

I n  t h i s  procedure, the samples are r a p i d l y  sta- 
The ana ly t i ca l  approach 

1 



published methods, and i s  there fore  described i n  less d e t a i l .  A simple format 
i s  also presented for ca l cu la t i ng  charge and mass-balance q u a l i t y  checks f o r  
i n t e r n a l  data consistency. 

Included i n  the  r e p o r t  i s  an evaluat ion o f  t he  comparative performance of 
a1 te rna t i ve  ana ly t i ca l  techniques based on a 20-1 aboratory round-robin 

. comparison. The appendices contain more de ta i led  informat ion on the  sampling 
method, the  round-robin evaluation, data q u a l i t y  checks, and sources o f  
pub1 ished ana ly t i ca l  methods. 

Continuing a t ten t i on  i s  being given t o  the  problems o f  geothermal 
sampling and analysis and the establishment o f  common techniques. Persons 
in te res ted  i n  commenting on these o r  other techniques should contact: 

C. H. K ind le 
P a c i f i c  Northwest Laboratory 
P.O. Box 999 
Richland, Washington 99352 
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2. UNIFORM APPROACH TO SAMPLING AND ANALYSIS 

A t  l e a s t  f i v e  d i f f e r e n t  fac to rs  a f f e c t  the accuracy o f  ana ly t i ca l  
determinations i n  geothermal 1 iqu ids.  These sources o f  va r ia t i on  include: 
1. f l o w  composition s h i f t  with time and nonhomogeneous (two-phase) f low 
2. d i f ferences i n  sampling methods 
3. sample s t a b i l i z a t i o n  processes 
4. d i f f e r e n t  ana ly t i ca l  methods 
5. d i f ferences between labora tor ies  using the same methods. 

The concern about f low condi t ions (No. 1 above) has t o  be resolved on a 
s i te -spec i f i c  basis. PNL's p rac t i ce  i s  t o  sample a f t e r  f lowing the we l l  a t  
production r a t e  f o r  a t  l e a s t  one day. This technique avoids composition 
s h i f t s  t h a t  occur dur ing w e l l  s ta r tup  as a r e s u l t  o f  k i l l  f l u i d s  or tempera- 
t u r e  gradient  problems. 
use i n  single-phase systems; two-phase sampling i s  discussed on ly  b r i e f l y .  

Sampling methods presented here were developed f o r  

The uni form approach t o  sampling, sample s t a b i l i z a t i o n ,  and ana ly t i ca l  
methods (Nos. 2, 3, 4 above) i s  discussed i n  more d e t a i l  i n  t h i s  document, and 

i s  schematical ly r e l a t e d  i n  F igure 1. 
ology based on t h i s  f lowchar t  w i l l  improve the comparabi l i ty  and r e l i a b i l i t y  
o f  geothermal l i q u i d  composition data. Var ia t ions from t h i s  methodology, such 
as being unable t o  f i l t e r  because o f  p lugging or  performing a precautionary 
d i l u t i o n ,  can be handled i n  the f i e l d  us ing t h i s  document and f i e l d  condi t ions 
as a guide. 

The use of a sampling/analysis method- 

The problem o f  ana ly t i ca l  dif ferences between laborator ies u t i 1  i z i n g  the  
same methods (No. 5 above) i s  discussed i n  the  sect ion on a l t e r n a t i v e  ana ly t i -  
ca l  techniques. Increas ing experience w i t h  geothermal samples should improve 
the  s i tua t ion .  However, an ongoing, round-robin i n te r l abo ra to ry  geothermal 
sample exchange would a s s i s t  labora tor ies  even more i n  i d e n t i f y i n g  and el imina- 
t i n g  biases. There i s  no such exchange now i n  operation. 

M i t i g a t i n g  act ions can be taken t o  minimize inaccuracies due t o  the above 
f i v e  var iables.  These act ions are described i n  Table 1. 

bj 3 
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tu This uniform approach t o  sampling and analysis i s  or iented toward the use 

o f  a base support laboratory  u t i l i z i n g  modern ancalytical techniques and reason- u 
t able contro l  procedures. 

ments where preservat ion i s  not  p rac t ica l .  The use o f  a f i e l d  laboratory  may 
reduce the need f o r  some o f  the preservat ion steps. 

F i e l d  analysis i s  employed on ly  f o r  those measure- 
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TABLE 1. Sources o f  Fluid Composition Variation and Mi t igat ing  Actions 

Source o f  V a r i a b i l i t y  
1. Flow Composition Shi f ts  

a) w i t h  time 
b)  with f low r a t e  
c )  wi th  pos i t ion i n  

two-phase f 1 ow 

Example o f  the 
Extent o f  Var iat ion 

a) 65% Ca concentration 
reduction i n  3 months 
a t  Salton Sea wel l  
(Needham e t  al. 1980) 

b )  Carbonate concentration 
varies by 80% w i th  changes 
i n  f low a t  East Mesa well  
(Ri ley e t  al. 1980) 

c )  CO2 concentration d i f f e r s  
by factors up t o  20 
depending on sample point  
i n  two-phase f low (see 
tex t  ) 

Mi t igat ing Actions 
a) F low the wel l  f o r  a day (or  

1 onger i f  possible) before 
sampl ing; record recent we1 1 
f l o w  history; resampTe la ter .  

b)  Sample the wel l  a t  production 
f low rates; record temperature, 
pressure, f low rate. 

c )  Use f u l l  f low separator and 
sample resu l t i ng  s ingle phases; 
increase pressure t o  remake 
single phase; sample from d i f -  
ferent posi t ions across 
diameter o f  pipe. 

2. Sampl i ng D i  f f erences Varies wi th  method and f i e l d  
conditions; IC (above) would 
give a fac to r  o f  20. Most record sample point. 
var iat ions would be much more 

single-phase work. 

Use the method and equipment 
described (or a close var iat ion);  

w 
> modest, p a r t i c u l a r l y  i n  

3. Sample Deter iorat ion Before Visual clouding w i th in  minutes 
Analysis a f t e r  taking samples from 

Salton Sea brines, pH changes 
between f i e l d  and laboratory. 

4. Analyt ical  Method I 
D i  f f i rences Using Reasonable Methods I 15-40% i s  t w i c a l  var ia t ion 

~ w .  

( t e x t ) .  worse wi th  anions, and 
cations below - 1 mg/l. 

5. I n te r1  aboratory D i  f ferences 

Use the techniques described t o  
check s tab i l i za t i on  effectiveness; 
hold a dupl icate sample f o r  l a t e r  
analysis or  submit a second f i e l d  
d i l u ted  set. 

Use techniques described; super- 
v isory chemist should be knowl- 
edgeable; check resu l t s  wi th  data 
q u a l i t y  checks described. 

Supervisory chemist should be 
know1 edgeabl e; 1 abor atory pa r t  i c i  - 
pation i n  on-going round robins i s  
desirable (best i f  there are geo- 
thermal samples i n  the exchange). 

. 
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3. CONCLUSIONS AND RECOMMENDATIONS 

The fo l l ow ing  conclusions are based on PNL's experience i n  geothermal 
l i q u i d  sampling and analysis: 

SAMPLING SYSTEM 

1. I n s e r t i n g  a sampling probe i n t o  the f lowing stream avoids the possi- 
b i l i t y  o f  contamination (corrosion products, d i r t ,  scale) t h a t  i s  
present i n  a normal service valve attached t o  the plant.  The probe 
also permits easier i d e n t i f i c a t i o n  o f  two-phase flows t h a t  bias 
sampling by al lowing se lect ion o f  a sampling p m i t i o n  w i t h i n  the 
f low path t o  avoid trapped gas or  s t r a t i f i e d  flow. 
i s  also possible. 

E x i s t i n g  gate o r  b a l l  valves are required f o r  sample probe access t o  
the pressurized flow. A 1/2-in. valve w i l l  provide enough clearance 
f o r  most sample probes. 
v e r t i c a l  d i r e c t i o n  i s  prefer red i f  two-phase f low i s  a p o s s i b i l i t y .  

3. The sample f low must be cooled under pressure t o  el iminate f lashing 
w i t h i n  the sample c o l l e c t i o n  system and f a c i l i t a t e  handling. Cool- 
i n g  c o i l s  fol lowed by a f low regu la t i ng  valve permit pressure 
reduct ion wi thout f l ash ing  or  b ias ing the sample because o f  scale 
deposits and w i t h  a minimum o f  gas breakout. 

Flow p r o f i l i n g  

2. 

Orientat ion t o  al low a tube t o  pass i n  a 

4. Stainless s tee l  i s  sa t i s fac to ry  f o r  construct ing the sample t r a i n .  
P r e c i p i t a t i o n  o f  b r i ne  const i tuents i n  the sampling apparatus i s  
n e g l i g i b l e  as f a r  as b ias ing the sample. 

5. The system i s  designed s p e c i f i c a l l y  f o r  single-phase sampling but  can 
accommodate l i m i t e d  quan t i t i es  o f  gas and suspended so l i ds  normally found 
i n  geothermal sources. 

6. The system can be adapted f o r  operation w i t h  a pump t o  sample f r e e  
f lowing springs with the same f i l t e r i n g  and s t a b i l i z a t i o n  steps used 
i n  pressurized systems. This maintains comparabi l i ty  o f  sampling 
techniques f o r  a broad range o f  sources. 
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ANALYTICAL APPROACH 

1. With few exceptions (described i n  the tex t ) ,  samples can be ade- 
quately s t a b i l i z e d  i n  the f i e l d  f o r  subsequent analysis i n  an 
establ ished laboratory. 

2. For r e l i a b l e  pH values, the measurements must be made i n  the f i e l d .  
The f low should be cooled before being depressurized f o r  pH measure- 
ment. 
o f  C02 i s  s t rongly  temperature dependent, we propose a standard 
temperature o f  25'C f o r  the cooled sample flow. 

3.  The two types o f  atomic spectroscopy, absorption (AA) and emission 
( I C P ) ,  are both general ly sa t i s fac to ry  f o r  cat ion analyses. 

Ion chromatography (pressurized ion exchange chromatography) i s  an 
acceptable technique f o r  analyzing geothermal samples. 

Since pH i s  a funct ion o f  dissolved C02 and the s o l u b i l i t y  

4. 

5. The f low rate,  pressure, and temperature o f  the wel l  a t  the time o f  
sampling must be recorded t o  establ ish a basis f o r  i n t e r p r e t i n g  the 
sample composition. 

6. The components o f  i n t e r e s t  must be establ ished before sampling because o f  
the s p e c i f i c  s tab i  1 i z a t i o n  procedures required for ce r ta in  components. 

Results from d i f f e r e n t  laborator ies,  using reasonable methods o f  
t h e i r  own choosing, w i l l  vary w i t h  a basic c o e f f i c i e n t  o f  v a r i a t i o n  
(COV) o f  approximately 15 t o  40% f o r  cat ions and 10 t o  50% f o r  
anions. This basic imprecision i s  b e t t e r  f o r  a few major components 
(e.g., t o t a l  dissolved so l i ds  - TDS, sodium, chlor ide),  worse f o r  
cat ions a t  o r  below 1 t o  0.1 mg/l concentrations, and general ly 
exceeded f o r  anions i n  concentrated brines. 

7. 

8. The deta i led conclusions from the round-robin evaluat ion o f  d i f f e r e n t  
ana ly t i ca l  methods are i n  Section 7 "A1 te rna t i ve  Analy t ica l  Tech- 
niques (Round Robin)." 
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4. GEOTHERMAL SAMPLING 

Two major ob ject ives must be s a t i s f i e d  i n  any geothermal sampling 
method: 

1. 

2. 

Samples must be as representat ive o f  the source as possible. 

A s t a b i l i z a t i o n  process must be i n i t i a t e d  so the sample can be 
handled and transported t o  the laboratory  wi thout f u r the r  changes 
a f f e c t i n g  ana ly t i ca l  resu l ts .  

The sampling system described i n  t h i s  sect ion has evolved i n t o  a step- 
by-step process t h a t  fo l lows a convenient sequence designed t o  meet the two 
object ives s tated above. The f low of operations has been incorporated i n  a 
uniform method for  sampling single-phase geothermal f lows and s t a b i l i z i n g  
samples f o r  l a t e r  analysis. The method i s  ou t l ined  i n  Appendix A and includes 
a data sheet for  c o l l e c t i o n  o f  f i e l d  data t h a t  also serves as a check l i s t  o r  
guide i n  completing the  procedural sequence. 

Development of t h i s  system included a f i e l d  evaluat ion (Shannon e t  a l .  
1980) under cont ro l led  f i e l d  condit ions. 
parisons were made w i th  other sampling methods. This t e s t  i d e n t i f i e d  weak- 
nesses i n  some other approaches whi le v e r i f y i n g  the r e p r o d u c i b i l i t y  o f  r e s u l t s  
obtained by using the methods described below. 

During the evaluation, d i r e c t  com- 

SYSTEM COMPONENTS 

The components o f  PNL's sampling system are i l l u s t r a t e d  i n  Figure 2. 
B r i e f l y ,  the major elements are: 

0 i n s e r t i o n  probe - provides access t o  a selected po in t  ins ide  system 
p ip ing  

cool ing c o i l s  - reduce temperature below b o i l i n g  whi le  maintaining 
pressure 

0 regu la t ing  valve - reduces pressure a f t e r  cool ing t o  avoid steam 
f l ash ing  and sca l ing  

0 f i l t e r  - removes suspended so l ids  t o  prevent t h e i r  d isso lu t ion  i n  
samples s t a b i l i z e d  by ac id i f i ca t i on .  

11 
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System Access ( I n s e r t i o n  Probe) 

To accommodate the i n s e r t i o n  probe, an unobstructed path through the valve 
i s  necessary. Gate o r  b a l l  valves usual ly  provide t h i s  path. The i n l e t  t i p  o f  
the probe then becomes the sample po in t  and can be posit ioned a t  the center o f  
f l ow  i n  the pipe or  numerous points  t ravers ing from side t o  side o r  top t o  bot- 
tom w i t h i n  the pipe f o r  hor izonta l  or  v e r t i c a l  penetrations, respect ively.  

L 1" 
L I n  se lect ing from several possible sample locat ions the fo l l ow ing  should 
~ 

be considered: 

p r o x i m i t y  t o  f l u i d  source - To be representat ive o f  a supply well ,  a 
p o i n t  o f  access as c lose t o  the wellhead as possible i s  advisable. 
Some wellheads have sample l i n e s  insta l led,  but t h e i r  po ints  of en t r y  
i n t o  the f l u i d  stream can be d i f f i c u l t  t o  ve r i f y .  O f  concern i s  
whether access i s  d i r e c t l y  i n t o  f low i n  the production s t r i n g  o r  
involves the annulus between the casing and production s t r i n g  and 
the e f f e c t  t h i s  may have on the gas content o f  the f l u i d  produced. 
If t h i s  k i n d  o f  uncer ta in ty  ex is ts ,  use o f  the insertable probe 
immediately downstream from a wellhead i s  preferred. 

e f l o w  mixing - Flow can become s t r a t i f i e d  or  zoned i n  long hor izonta l  
o r  v e r t i c a l  runs, p a r t i c u l a r l y  i f  there i s  entrained gas. A sample 
p o i n t  downstream from an elbow, tee, or  other bend takes advantage 
o f  i n t e r n a l  mixing t o  produce more representat ive samples. 

0 mainl ine valves, o r i f i c e s  - Pressure reduct ion across f l ow  r e s t r i c -  
t i o n s  can create condit ions f o r  steam f l ash ing  and the associated 
scal ing o r  the release o f  dissolved gases even above the steam f l a s h  
point .  Most o f  these problems are avoided by se lec t i ng  sample points  
upstream from r e s t r i c t i o n s ;  however, one precaution should be noted. 
A r e s t r i c t i o n  sometimes creates a t r a p  a t  the top o f  a pipe i n  which 
gas can c o l l e c t  and create a bubble on the upstream side. A probe 
inser ted from the top w i l l  encounter gas on ly  near the top wal l  and 
can be used t o  bleed the bubble o f f  before the f l u i d  i s  sampled. 

c 
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u Inser tab le Probe Assembly 

E ;  The h i s t o r i c a l  incent ive f o r  developing inser tab le probes came from the 

i n t e r e s t  o f  sampling d i f f e r e n t  pos i t ions across the f low stream. An e a r l y  b 
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system, the  "porcupineIt method, consisted o f  permanently i n s t a l  l e d  tubes o f  
d i f f e r e n t  lengths attached a t  i n t e r v a l s  around the pipe circumference. A PNL 
handbook (Watson 1979) provides a descr ip t ion  o f  t h i s  model as p a r t  o f  a com- 
p i l a t i o n  o f  var ious sampling and ana ly t i ca l  methods t h a t  have been appl ied t o  
geothermal s i t ua t i ons  (it i s  recommended t o  the  reader). H i l l  (1975) estab- 
l i shed  the concept o f  u t i l i z i n g  the s l i d i n g  tube f o r  sampling two-phase f low. 
An e a r l y  version o f  the  cur ren t  model was a s t r a i g h t  tube w i th  a handle welded 
on a t  a r i g h t  angle as an i nd i ca to r  o f  the d i r e c t i o n  the t i p  was po in t ing  dur- 
i ng  sampling. A 90' bend a t  the e x i t  end o f  the  probe now serves as the direc- 
t i o n a l  ind ica tor ,  and a sa fe ty  chain has been added t o  prevent inadvertent 
probe ex t rac t ion  or  expulsion (Figure 3 ) .  

A number o f  tube diameters from 1 /8  in.  t o  1 /2 in. (304 s ta in less  s tee l  
tub ing)  were tested i n  PNL's studies. The 1/8-in. diameter tube was too f l e x -  
i b l e  t o  maintain a f i x e d  p o s i t i o n  a f t e r  i n s e r t i o n  i n  some systems. Although 
v isua l  evidence o f  llwhippingo' was not possible, the  sounds and v ib ra t ions  
emanating along the external  po r t i on  o f  the  tube suggested a very 11active8t t i p  
ins ide  the  pipe. However, t h i s  should not  cause any ana ly t i ca l  problems, 

ANGLED SECTION OF 
PROBE TO INDICATE 

IONALITY OF 
N G  TIP WHEN 

HEAVY-WALLED 
STAINLESS STEEL 

(SMOOTHED FOR EASY 
INSERTION) 

SAFETY CHAIN- 

FLEX-HOSE 

FIGURE 3. Sampling Probe 
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I '  

I, except for two-phase systems; the 1/8-in. tube i s  convenient and f i t s  through 
1/4-in. gate valves. 
were tested. Thin wall ,  0.035 in., and intermediate w a l l ,  0.065 in., both per- 
formed we l l  when new but  became bent a f t e r  repeated use, which eventual ly 
impaired easy inser t ion.  Changing t o  heavy wall ,  0.083 in., i n  a 1/4-in. 
diameter tube reduced, but d i d  not solve, t h i s  problem. 

Several wal l  thicknesses of 1/4-in. diameter tubing also I" 
u 

li 
U 

Currently, we use probes made from 3/8-in. diameter, 316 s ta in less s tee l  
tubing w i t h  a 0.065-in. w a l l  thickness. These probes have remained s t r a i g h t  
w i t h  repeated use i n  the f i e l d  and e a s i l y  pass through 1/2-in. access valves. 
The i n l e t  t i p s  are formed by making a 45" cu t  and then gr inding the tube wal l  
t o  form a bevel away from the ins ide diameter o f  the tube. 
s l i g h t l y  t o  a i d  i n s e r t i o n  through the seal ing gland and reduce the p o s s i b i l i t y  
o f  hang-ups i n  passing through valves during inser t ion.  

Each t i p  i s  rounded 

l l  u 
u 
U 
U 
u 
u 
b 
- 

A tube f e r r u l e  i s  swaged onto the rea r  po r t i on  o f  the probe tube f o r  a 
safety  chain stop. 
tube ends only. 
i s  d r i l l e d  (brass d r i l l s  e a s i l y )  t o  al low the tube t o  pass completely through 
t o  p o s i t i o n  the union/ fer ru le /nut  assembly a t  any chosen locat ion along the 
tube. I t s  p o s i t i o n  i s  a funct ion o f  the ove ra l l  tube length needed f o r  the 
pipe s i ze  t o  be sampled, but the essent ia l  requirement i s  t o  stop tube ret rac-  
t i o n  by r e s t r a i n i n g  the safety  chain when the t i p  o f  the probe tube i s  centered 
between the b a l l  valve and the seal ing gland (see Figure 2). 
dimensions f o r  probes inserted i n  12-in. pipes (12 3/8-in. I D ,  13-in. OD) are: 

F i t t i n g s  normally permit swaging a f e r r u l e  w i th  a nut a t  
For mounting away from ends, a brass union o f  the tubing s i ze  

Typical tube 

Overal l  tube length - 36 in .  
Distance from en t ry  t o  f e r r u l e  stop - 30 in .  
Distance from en t ry  t o  center o f  bend - 34 in .  

To complete the probe, a washer w i th  a r i n g  attached i s  s l ipped on behind the 
ferrule;  the tube i s  bent 90' i n  the d i r e c t i o n  o f  the opening a t  the i n l e t ,  and 
a nut and f e r r u l e  are i n s t a l l e d  a t  the e x i t  end f o r  f l e x  hose attachment. An 
ex t ra  ho le i s  d r i l l e d  i n  the washer t o  accept a r i n g  which i n  t u r n  connects t o  
the safety chain. The other end o f  the chain takes a snap t o  connect or dis- 
connect t o  a matching washer and r i n g  located between a b a l l  valve and seal ing 
gland t h a t  complete the probe assembly. 
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The b a l l  valve i s  t y p i c a l l y  a Whitey "60" Series w i t h  a Tef lon seal. (a )  

The seal ing gland tested was a Conax PG gland (PG4-375-A-T) i n  which the gland 
i s  Teflon. The valve, gland, and probe tube remain assembled as a u n i t  between 
sample jobs so the  sa fe ty  chain length always c o r r e c t l y  matches the  o r i g i n a l  
conf igurat ion.  

Armored Flex Hose 

Ear l y  systems used loose ly  co i l ed  1/4-in. diameter tubes t o  connect probes 

being bent i n  a way t h a t  tended t o  l i f t  o r  tilt the  c o i l s  out o f  t h e i r  buckets. 
The armored f l e x  hose used i n  PNL's system solved the problems and made manipu- 
l a t i o n s  with the  i n s e r t i o n  probe much easier. Tests were conducted with Resis- 
t o f l e x  R562 hoses, 6 f t long and 1 /4  in.  I D  (Par t  No. R22105-5-72), t h a t  were 
l i n e d  with Teflon. The hoses are suppl ied w i t h  cadmium-plated carbon s tee l  
f i t t i n g s  on the  ends t h a t  tend t o  corrode i n  geothermal f l u i d s .  However, no 
serious problems develop i f  the  f i t t i n g s  are stored a f te r  being f lushed w i t h  
f resh  water and dried. We have no t  observed any biases as a r e s u l t  o f  corro- 
sion, although the  po ten t i a l  does ex i s t .  A b a l l  valve i s  attached t o  the e x i t  
end of the  f l e x  hose t o  serve as the  master shut-of f  valve f o r  the  sampling 
sys tem . 

t o  coo l ing  co i l s .  These tubes were d i f f i c u l t  t o  pack and usua l ly  ended i n  

Temperature Probe 

I n - l i n e  temperatures are determined w i t h  s ta in less  s tee l  sheathed thermo- 
couples inser ted  i n  matching tees and compression f i t t i n g s  designed f o r  t h i s  
purpose. Meters f o r  d i r e c t  reading o f  temperatures are ava i lab le  i n  many 
forms. Some o f  the  more des i rab le meter and probe features f o r  f i e l d  use i n  
geothermal sampl i ng are: 

0 Sturdy waterproof case. Steam condensate can r a i n  on geothermal 
s i t e s  even i n  the desert. 

D i g i t a l  readout on meters are easier t o  see i n  d i r e c t  sun l i gh t  i f  an 
LCD system i s  used r a t h e r  than LED. 
LCD window t o  "black out," but  t h i s  can be restored t o  normal opera- 
t i o n  by  shading i t  from the  sun. 

Intense sun l igh t  can cause an 

(a )  Use o f  manufacturer o r  t rade names does not  imply PNL endorsement. 
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0 Short thermocouple probes are less l i k e l y  t o  bend and break during 
use 

. 0 Probe leads should also be  waterproof. 

U-Bend Connector Tubes 

These tubes and a l l  other tubing components are fabr icated from 1/4-in., 
316 s ta in less  s tee l  tubing w i t h  a 0,035-in. wal l  thickness. The U-bends con- 
nect the c o i l s  and the i n l e t  and o u t l e t  attachments. They apply a load down 
on the c o i l s  keeping them submerged i n  the cool ing buckets. A t y p i c a l  jumper 
has a smooth 180" bend w i t h  a 4-in. space between ends. 

I n  connecting U-bends t o  the c o i l s  and assembling other components, care 
must be taken t o  avoid leaks. Abnormally high oxygen levels  (15 t o  20 ppb) 
have been detected i n  samples and then traced t o  slow leaks a t  connections. 
Back d i f f u s i o n  a t  the f i t t i n g ,  even i n  pressurized systems, apparently allows 
s u f f i c i e n t  oxygen t o  enter the sample stream f o r  detect ion by dissolved oxygen 
f i e l d  analysis k i t s  sens i t i ve  i n  the 0 t o  40 ppb range (CHEMetrics Inc., Dis- 
solved Oxygen Test K i t ,  Model 0-40). E l iminat ion o f  the leak by t i gh ten ing  o r  
reassembling the loose f i t t i n g  reduces oxygen t o  undetectable leve ls  which i s  
normal f o r  f l u i d  produced from deep wells. 

Cooling Coi ls  

Co i l s  are t y p i c a l l y  formed from 10-f t  lengths o f  1 / 4  in .  s ta in less s tee l  
tubing wound around an 8-in. pipe. For sampling f l u i d s  above 100°C, two c o i l s  
are placed i n ,  ser ies w i t h  the f i r s t  cooled by al lowing water i n  the bucket t o  
b o i l .  The second i s  cooled w i t h  i c e  and s u f f i c i e n t  water t o  establ ish contact 
w i t h  the c o i l .  
the sample f l ow  t h a t  would otherwise consume a large amount o f  ice. The heat 
o f  vapor izat ion o f  water i s  much greater than the heat o f  fusion. The f low i s  
d i rected t o  the bottom o f  the c o i l  and then s p i r a l s  upward t o  ass i s t  i n  f lush- 
i n g  entrained gas through the system. This also places the f i n a l  loop o f  the 
second c o i l  i n  contact w i t h  the coldest p a r t  o f  the bath (ice-water mixture). 
For systems producing f l u i d  a t  100°C o r  less, a s ing le  c o i l  i n  an iced bucket 
provides s u f f i c i e n t  cool ing capacity. 

During ac t i ve  sampling, the f i r s t  bucket ext racts  heat from 

Single c o i l s  o f  1/8-in. diameter tubing 
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and 20 ft i n  length have been tested i n  an iced bucket. Although the r a t e  of 
f l u i d  de l i ve ry  i s  reduced, the small s ize and s ing le bucket are advantages when 
m o b i l i t y  i s  important. 

Deposition Studies 

Because mineral deposit ion i n  the sampling t r a i n  could be a po ten t i a l  pro- 
blem, studies were conducted on c o i l s  used during f i e l d  evaluat ion o f  sampling 
methods t o  determine whether s i g n i f i c a n t  amounts o f  f l u i d  const i tuents were 
accumulating. A f t e r  the supply wel l  (East Mesa 6-2 i n  the Imperial Valley, 
C a l i f o r n i a )  was sampled i n  t r i p l i c a t e ,  the c o i l s  were f lushed w i th  d i s t i l l e d  
water, disconnected, sealed and returned t o  the laboratory f o r  subsequent 
study. Actual f low o f  22 l i t e r s  o f  wel l  f l u i d  was recorded during sampling. 
I n  the laboratory, i n te rna l  deposits were s t r ipped by f l ush ing  with an i n h i -  
b i t e d  HC1 solut ion made up using the fo l l ow ing  proportions: 

200 m l  concentrated H C l  
200 m l  d i s t i l l e d  water 

5 m l  formaldehyde 

Analyses o f  s t r i p p i n g  so lut ions f o r  three U-tubes and both cool ing c o i l s  
were t o t a l e d  and normalized f o r  the volume o f  source br ine pased through the 
co i l s .  The r e s u l t s  i n  Table 2 show the o r i g i n a l  analyses f o r  the t r i p l i c a t e  
b r i ne  samples, t h e i r  standard deviat ion, and the comparable concentrat ion per 
l i t e r  l o s t  t o  deposit ion i n  the c o i l s  and U-bends. 

No deposits t h a t  would measurably b ias b r ine  samples were found. Some 
d i sso lu t i on  o f  the s ta in less s tee l  tubing by the s t r i p p i n g  so lu t i on  i s  
r e f l e c t e d  i n  the Fe analysis and was also noted i n  C r  and N i  r esu l t s .  Calcium 
and arsenic, which are normally found i n  scales produced by br ines i n  the 
v i c i n i t y  o f  East Mesa 6-2, were not  l o s t  i n  s i g n i f i c a n t  amounts i n  the sampl- 
i n g  c o i l s .  Visual examination on a separate sect ion showed no evidence o f  

deposition. 

Ad apt a t  i on s 

The preceding descr ip t ion applies t o  most geothermal sampling requirements ' 

a f ter  a we l l  has been completed and f low t e s t s  are under way o r  f l u i d  i s  being 
del ivered t o  a u t i l i z a t i o n  system. For sampling springs o r  other g r a v i t y  f lows 
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TABLE 2. Coi l  Deposition Study 

Br ine Analysis, Amount Deposited 
Element mg/l i n  Coils, mg/l 

As 0.58 - + 0.03 0.0104 
B 7.2 - + 0.2 0.0004 
Ba 0.3 0.001 
Ca 10.7 - + 0.2 0.011 
Fe 0.48 - + 0.03 1.7557 
K 122 + 1 0.0027 
L i  

- 
4.65 + 0.1 - 

Mg 0.11 - + 0.02 0.0013 
Na 1456 - + 22 0.0038 
P 0,l 0.002 
S r  2.2 - + 0.06 0.0009 

using the same apparatus, some means o f  pressur iz ing f low i s  necessary t o  pass 
i t  through the cool ing c o i l s  w i th  enough pressure f o r  f i l t e r i n g  and sparge tube 
s t a b i l i z a t i o n  o f  H2S and C02. 

On several occasions we have been able t o  pos i t i on  the cool ing c o i l s  
below ar tes ian f low from wel ls  and achieve cooling, but were unable t o  f i l t e r .  
The so lu t i on  f o r  t h i s  type o f  sampling has been t o  include a field-model per is-  
t a l t i c  pump i n  the l i s t  o f  accessory equipment items. Features which make t h i s  
u n i t ( a )  p a r t i c u l a r l y  su i ted f o r  t h i s  purpose include: 

e rechargeable b a t t e r y  

e an adapter f o r  use w i t h  a 12-V car ba t te ry  

e 115 VAC l i n e  cord 

e compact size--11 1/2 x 7 i n .  x 8 in., and l i g h t  weight (-15 l b )  

e weighted tub ing t i p  t h a t  can be added t o  i n l e t  tube t o  a i d  i n  
holding i t  submerged i n  a spr ing o r  wier. 

(a)  Portable Masterf lex Sampling Pump, Horizon Ecology Corp., 7435 N. Oak Park 
Ave., Chicago, I L  60648. 
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By i n s e r t i n g  the pump i n  the system between the cool ing c o i l s  and the 
f i l t e r  housing, heating the pump head i s  avoided although the s i l i c o n e  tubing 
w i th  t h i s  type o f  pump i s  ra ted  t o  260'C. 

Pa i l s  

Five-gallon p a i n t  p a i l s  are t r a d i t i o n a l l y  used f o r  cool ing baths. They 
l a s t  several months before r u s t i n g  through i f  used continuously a t  one loca- 
t ion.  If moved from place t o  place t h e i r  a b i l i t y  t o  nest and separate i s  soon 
l o s t  t o  corrosion and the r ims become deformed by beating them apart. Tapered 
s ta in less s tee l  buckets t h a t  nest are now used. These buckets el iminate bat- 
t e r i n g  exercises and problems w i t h  corrosion. 

Valves 

Perhaps the most important f a c t o r  i n  c o n t r o l l i n g  f low i n  t h i s  type o f  sam- 
p l i n g  system i s  the l oca t i on  o f  the regu la t i ng  valve on the co ld  s ide o r  i n  a 
downstream pos i t i on  w i th  respect t o  the cool ing co i l s .  A t  t h i s  point ,  t he  
f l u i d  has cooled wel l  below the steam f l a s h  point. The pressure drop across 
the valve can take place without the v i o l e n t  surging and unstable flow experi- 
enced i n  "hot side" regulat ion.  Hot-side regulat ion i s  also plagued by scale 
t h a t  deposits i n  the valve and i s  dislodged by any motion o f  the valve stem. 
Thus, e i t h e r  an opening o r  c los ing motion o f  the valve immediately increases 
f low and slugs o f  steam are produced a t  the ou t l e t .  The PNL system uses Whitey 
SS-IRS4 regu la t i ng  valves (others would 1 i k e l y  perform as we1 1 ). 

E x i t  shut-off valves d i v e r t  f low from f i l t e r e d  t o  u n f i l t e r e d  samples. 
These valves may be e i t h e r  stemmed valves (a  t y p i c a l  example i s  the Whitey 
SS-14DKS4) o r  small b a l l  o r  p lug valves. 
based a l l oys  (brass) are avoided. 

Because o f  corrosion problems, copper 

To i n i t i a t e  and regulate f low the fo l l ow ing  sequence i s  followed: 

1. close a l l  valves 

2. i n s e r t  probe i n  seal 

3. open probe valve and system valve 

4. i n s e r t  probe t o  sampling posi t ion,  t i gh ten  seal and secure safety  
chain 
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5. open b a l l  valve o f  f l e x  hose e x i t  

6. check f o r  system leaks i n  c o i l s  

7. f i l l  buckets w i t h  water and i c e  

8. open one e x i t  shut-off valve 

9. open regu la t i ng  valve and adjust  f o r  desired temperature on e x i t  
temperature probe. 

To stop the flow, the main i n l e t  b a l l  valve i s  used. 

F i l t e r  and F i l t e r  Holder 

The f i l t e r  pore s i ze  recommended f o r  geothermal sampling i s  
f i l t e r  holder found convenient f o r  assembling and disassembling 
i s  the M i l l i p o r e  Swinnex. 
or iented f o r  v e r t i c a l  upward f l ow  through the f i l t e r .  

E x i t  Tubing 

It accepts 47-mm diameter f i l t e r s  and 

0.45 pm. 

n the f i e  
should be 

A 
d 

About 18 in .  o f  Tygon tubing i s  attached t o  the s ta in less tube o r  f i l t e r  
o u t l e t  f o r  convenience i n  f i 11 ing  sample containers(. 

Sample Bo t t l es  

Co l l ec t i on  and shipment i s  made i n  rectangular o r  square polyethylene bot- 
t l e s  f o r  e f f i c i e n t  packing. 
o f ten  break dur ing shipment. Closure designs w i t h  an extended l i p  on the bot- 
t l e  f i t t i n g  i n t o  a matching groove i n  the cap survive shipment w i th  fewer leaks 
than other designs. K a r t e l l  makes a wide mouth l i n e  o f  square b o t t l e s  wi th  

t h i s  type of c losure (Markson Cat. No. R14443, 1000 m l ) .  

L ids are also polyethylene since other p l a s t i c s  

M i  scel 1 aneous Equi pmen t 

Other items support ing sampling operations which can be considered a 
minimum " t o o l  k i t "  include: 
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Safety 
Safety glasses 
Heat r e s i s t a n t  gloves ( 3  p ly  leather') 
Coveral ls - (burn protect ion f o r  bare 

Work gloves - leather o r  canvas 
Surgeons gloves 
Hard hats 

arms and legs) 

F i e l d  Analysis 
K i t s  f o r  H2S, Nla3, 
pH meter 
Temperature meter and probes 

House k ee p i n 9 
P l a s t i c  bags (can be used i c e  bags) 
D I  water ( c o i l  and u t e n s i l  f l u s h )  
P l a s t i c  p a i l  and 1 q t .  p l a s t i c  p i t che r  

( f o r  ba i  1 i ng  excess me1 twater)  

Hardware 
Assorted reducers, connectors, 

couplers, nuts, and fe r ru les  f o r  
adapting t o  f i e l d  requirements 

Small wrenches f o r  tube f i t t i n g s  
2 large crescent wrenches f o r  probe 

P1 i e r s  
Tape f o r  securing b o t t l e  tops 
Tubing - tygon, 1/4  in. s ta in less 

Tube clamps 
Spare f i l t e r  housing and O-rings 
Duct tape, cord, b a l i n g  wi re ( f o r  

Kni fe  
Measuring Tape ( t o  measure i n s e r t i o n  

and gland 

s tee l  

t i e  downs), f e l t  t i p  pen. 

distances ) 

DIFFICULT SAMPLING SITUATIONS 

This procedure recognizes t h a t  i n  the r e a l  world the sampler may encounter 

can be cooled. Breakout can occur even when s u f f i c i e n t  pressur izat ion i s  main- 
a geothermal source i n  which some gas breakout has occurred before the sample 

ta ined t o  prevent steam f 
described f o r  c o l l e c t i o n  
i n  a reasonable amount o f  
t o t a l  f l ow  should be done 
the gas bulb does no t  i n c  

ashing. Where breakout i s  appreciable the method 
Appendix A, 12.1 t o  12.5) w i l l  produce a gas sample 
time. In te rp re ta t i on  of the r e s u l t s  w i t h  respect t o  
w i t h  caution, however, since the gas as co l lected i n  
ude the dissolved f r a c t i o n  passing through the bulb. 

The sampling o f  two-phase f lows t o  get a representat ive sample, even 
through compositing, i s  a d i f f i c u l t  task. 
the wide v a r i a t i o n  i n  the types o f  two-phase f low t h a t  occur; the samp e 
points  and in te rp re ta t i ons  may d i f f e r  f o r  each type. 
modes o f  two phase f low discovered dur ing one study. 

I n  p a r t  t h i s  d i f f i c u l t y  i s  due t o  

Figure 4 r e l a t e s  the 
I s o k i n e t i c  sampl ng has 
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SUPERFICIAL LlQU tD VELOCITY (rnls) 

FIGURE 4. Two-Phase Mode Versus Flow Veloc i ty  (Freeston and Lee 1979) 

been recommended (Ri ley e t  a l .  1978), bu t  a t  the end the data must be reas- 
sembled using unknown mass f low rates t o  give t o t a l  f low composition. We have 
used the techniques described here and some s imp l i f y i ng  assumptions t o  repeat- 
e d l y  sample a f low i n  a two-phase region. The r e s u l t s  compared f a i r l y  wel l  t o  
the composition determined a t  a l oca t i on  of s ing le  phase f low f o r  some compon- 
ents, b u t  agreed poor l y  f o r  others (such as C02 and Ca). 
research exercise may no t  work q u i t e  so wel l  i n  another location. I n  general, 
a l l  techniques t h a t  sample from d iscrete locat ions i n  a two-phase f low w i l l  be 

Id 
iJ 
u 
w 

However, t h i s  

biased t o  some extent. A f u l l  f l o w  separator 
sampling avoids t h i s  problem. The methods t o  
l i s t e d  i n  decreasing order o f  r e l i a b i l i t y .  

f u l l  f low separator w i th  subsequent s ing 
mu1 t i p l e  l oca t i on  probe sampling 

u 
L 1. i s o k i n e t i c  

2 . noni sok i n e t i  c 
I 0 s ing le l oca t i on  probe sampling 

w i th  subsequent s ing le phase 
sample a two-phase f low are 

e phase sampling 

1. i s o k i n e t i c  
2. nonisok inet ic  

Li 

L 0 nonprobe (valve) sampling. 
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The determination of gas-to-1 i q u i d  r a t i o s  [ r e f e r r i n g  t o  noncondensible 
gases (NCG)] involves the use o f  a separator. The design and operation of 
small separators i s  not standardized. Some operate w i th  the pressure drop 
a f t e r  the separator, some before; some operate on the hot  geothermal f l u i d ,  
whi le  others cool the f l u i d  p r i o r  t o  separation. These fac to rs  (pressure, 
temperature) are very c r i t i c a l  t o  g e t t i n g  reproducible resul ts .  
i l l u s t r a t e s  v a r i a b i l i t y  due t o  f low r a t e  when using a non-isokinetic 1/4-in. 
probe t o  sample a two-phase flow. 
a b i l i t y  o f  NCG composition as a funct ion of temperature. I n  the absence of 
standard separator design or  operating practice, the fo l lowing actions are 
recommended : 

Figure 5 

Figure 6 i l l u s t r a t e s  the temperature va r i -  

0 The ef fect  of v a r i a t i o n  i n  temperature, f low rate, and pressure on 
the NCG output of each separator should be established. 
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SEPARATOR BRINE FLOW RATE (Ilrnin) 

FIGURE 5. Example o f  NCG GaslLiquid 
R d t i o n s i t i v i t y  t o  Separator Flow 
Rate (data from Shannon e t  a l .  1980) 
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FIGURE 6. Effect o f  Separation Tem- 
perature on Free NCG Composition 
(data from Shannon e t  a l .  1980) 

f '  

24 



0 If two-phase f low i s  a p o s s i b i l i t y  the sample probe should sample from 
more than one pos i t iop,  

These parameters should be recorded whenever a separator i s  used. 

ALTERNATIVE SAMPLING SYSTEMS 

Other sampling systems i n  use range from d i p  b o t t l e s  t o  evacuated f l asks  
t o  se lec t i ve  absorption tubes. Watson (1979) includes a compilat ion o f  many 
sampling approaches. 
adapted t o  t ranspor t  by backpack and are benef ic ia l .  
from nongeothermal appl icat ions and can introduce large errors. 
i l l u s t r a t e s  one o f  the l a t t e r  cases, i n  which hot pressurized b r ine  was 

Some are used f o r  spec i f i c  f l u i d  const i tuents or  are 
Others have been adapted 

Figure 7 

admitted i n t o  an evacuated'stainless s tee l  f lask.  To simulate a worst case, 
the f l a s k  was sealed and stored f o r  2 weeks before the sample was analyzed. 
The p o s i t i v e  biases can be a t t r i b u t e d  t o  corrosion products from react ion w i th  
the f lask;  the negative b ias can be at t r ibuted,  a t  l eas t  i n  part ,  t o  p rec ip i t a -  
t i o n  dur ing f l ash ing  when the sample was co l lected and no s t a b i l i z a t i o n .  

Another approach which i s  f requent ly  u t i 1  ized (unavoidably i n  some cases) 
i s  t o  withdraw a sample v i a  an e x i s t i n g  valve ra the r  than using an inser tab le 
sample probe t o  get i n t o  the main stream. 
tered when using an inser tab le probe t o  sample two-phase flow. Without the 
probe, and j u s t  using valves a t  the top and bottom o f  the pipe, one sample 
would contain 500 mg C02/1 and one more than 10,000 mg C02/l. 
be defensible and reproducible. Use o f  an inser tab le sample probe i n  a 
t ravers ing mode i s  c r i t i c a l  t o  i d e n t i f y i n g  segregated two-phase f low (which 
could heav i l y  bias the sample). 

Figure 8 re la tes  a s i t u a t i o n  encoun- 

Both would 

c 
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FIGURE 7. Worst Case Errors Encountered Using 
Evacuated Steel  Flask Sampler 
(Kindle 1980; Shannon e t  a l .  1980) 
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FIGURE 8 .  CO2 Composition Versus Sample Point  
(Kindle 1980; Shannon e t  a l .  1980) 
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5. SAMPLE STABILIZATION 

Special preparations f o r  s t a b i l  i t i n g  some samples for  l a t e r  analysis are 
necessary precautions. These preparations are made most conveniently and 
accurately i n  the laboratory p r i o r  t o  departure t o  the f i e l d .  As Presser 
e t  a l .  (1974) states: 

The most commonly observed changes i n  untreated samples are i n  
pH, i ron,  manganese, bicarbonate, ammonia, hydrogen su l f ide,  calcium, 
and su l fa te.  S i l i c a  concentrations i n  excess of 100 mg/l (mil l igrams 
per l i t e r )  may lead t o  d i f f i c u l t i e s  owing t o  p r e c i p i t a t i o n  and poly- 
merization. Polymeric s i l i c a  i s  not reac t i ve  i n  the ammonium molyb- 
date method t h a t  i s  often used f o r  laboratory determination o f  
s i l i c a .  

The changes i n  sample composition r e s u l t  from loss o f  carbon 
dioxide t o  the a i r  space, ox idat ion and p r e c i p i t a t i o n  o f  i r o n  and 
manganese, ox idat ion o f  hydrogen s u l f i d e  t o  sulfate, oxidat ion o f  
ammonia, loss o f  calcium ion as calcium $arbonate prec ip i ta tes,  and 
p r e c i p i t a t i o n  o f  s i l i c a .  Waters inoculated w i t h  diatoms may also 
lose s i l i c a .  Once a p r e c i p i t a t e  forms, there i s  no accurate way t o  
res to re  the i n i t i a l  composition o f  the solut ion.  Constituents t h a t  
w i l l  probably be unaffected by storage include su l fa te  ( i f  no hydro- 
gen s u l f i d e  was o r i g i n a l l y  present), l i th ium, sodium, potassium, 
magnesium, f luor ide,  chlor ide,  bromide, iodide, and boron. 

A s t a b i l i z a t i o n  sequence i s  described below. The spec i f i c  container 

volumes used depend on the needs o f  the laboratory except t h a t  the sparge 
tube (glass tube w i t h  frit on end) s t a b i l i z a t i o n  e f f i c i e n c y  w i l l  l i k e l y  
depend on the height  o f  the s t a b i l i z i n g  so lu t i on  above the glass frit, 

1, For COP preservation, the sample f low i s  directed i n t o  1 - l i t e r  bot- 
t l e s  t h a t  are e x a c t l y  h a l f  f i l l e d  w i th  2N NaOH s t a b i l i z i n g  so lu t i on  
t o  s t a r t  (Figure 9). 
glass tube with a glass fri.t sparger t o  ensure t h a t  any gaseous C02 
contacts the NaOH before exhausting. 
using the s ing le  sparge b o t t l e  i s  shown i n  Figure 10. 

The flow i s  passed t o  the bottom through a 

PNL's c o l l e c t i o n  e f f i c i e n c y  
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‘CLASS FRIT 

FIGURE 9. Gas S t a b i l i z a t i o n  Device 
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This e f f i c i e n c y  would vary w i t h  the gas f low rate.  The PNL f low r a t e  
i s  an emp i r i ca l l y  judged, moderate bubbling rate.  For persons new t o  
the technique, a couple o f  t r i a l  determinations using two b o t t l e s  i n  
ser ies i s  recommended. Uns tab i l i t ed  so lut ions w i l l  r a p i d l y  lose 
COP t o  the atmosphere before the analysis can be done, 

For H2S preservation, the same sparge technique i s  appl ied only  
using 500 m l  o f  0.5 N z inc acetate i n  a s ing le bo t t l e .  This z inc 
acetate s t a b i l i z a t i o n  was used dur ing the round rob in  sample 
exchange (Section 7). Despite the delays o f  sample sh 
laboratory  scheduling, the average r e s u l t s  showed no loss o f  su l f ide 
compared t o  the compositfon value o f  the two synthet ic samples. 
However, there i s  a r a p i d  de te r io ra t i on  r a t e  i n  samples exposed t o  
natura l  l i g h t  (Figure 11). 
s e n s i t i v i t y  t o  l i g h t ;  i t  i s  not intended t o  r e l a t e  long-term s t a b i l i t y  
f o r  a1 1 geothermal waters. ) 

2. 

(Figure 11 i s  included t o  i l l u s t r a t e  the 

- ; 12 
- E 

Y 

VI 
I 

_-\ 
_- 

N l o  
A DARK-NO LIGHT 

0 FLUORESCENT LIGHTING 2 
w 8  
P, 0 NATURAL LIGHTING; OUTSIDE 
U UNDER HEAVY OVERCAST 
$ 6  CONDITIONS 
VI 

4 

2 

1 2 3 0 

WEEKS 

FIGURE 11. I n s t a b i l i t y  o f  Sul f ide i n  the Presence o f  L i g h t  
Zinc Acetate Preservation 
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3. 

4. 

5. 

Cations are s t a b i l i z e d  by a c i d i f i c a t i o n  and the container i s  labeled 
FA ( f i l t e r e d ,  a c i d i f i e d ) .  Ten m l  o f  concentrated HN03 o r  HC1 are 
put  i n  the 1 - l i t e r  sample b o t t l e  ( t o  1% o f  i t s  volume) and t h i s  bot- 
t l e  i s  sealed u n t i l  used i n  the f i e l d .  L imited t e s t i n g  indicates 
no d i f ference between the two acids a t  l e a s t  down t o  our r o u t i n e  
ana ly t i ca l  l i m i t s  i n  s t a b i l i z i n g  cations (Table 3). 
be used more commonly than HC1. 
i n  cations t h a t  form marg ina l ly  soluble chlor ides (eg., Ag), HN03 
would be preferable. 

HN03 seems t o  
Where there i s  p a r t i c u l a r  i n t e r e s t  

For mercury analysis the sample i s  s t a b i l i z e d  by 1% (volume) o f  a 5% 
KMn04 solut ion,  1% (volume) o f  concentrated HN03, and 2% (volume) 
o f  a 5% K2S208 solut ion.  Glass b o t t l e s  ( labeled FAHg) are used 
t o  c o l l e c t  and s tore the samples t o  prevent possible biases from a 
p l a s t i c  container. A b ias caused by  mercury d i f f u s i n g  through the 
wal l  i n t o  the sample i s  shown i n  Figure 12. The mercury sample i s  
analyzed as soon as possible. 

D i l u t i o n  i s  used t o  s t a b i l i z e  a f i l t e r e d  sample f o r  Si02 analysis. 
The ten-fold or  greater d i l u t i o n  i n t o  deionized water i s  performed 
i n  the f i e l d  using a p ipe t te  and a volumetric f lask.  The analysis 
o f  t h i s  sample i s  usua l l y  comparable t o  the S i  analysis from the 
f i l t e r e d ,  a c i d i f i e d  (FA) sample, an i nd i ca t i on  t h a t  a c i d i f i c a t i o n  i s  
also e f f e c t i v e  i n  r e t a i n i n g  s i l i c a .  An e x t r a  cautious step would be 
t o  d i l u t e  and ac id i f y .  

TABLE 3. Comparison o f  HNO3 and HCL as Acid S t a b i l i z e r s  

Concentrations i n  (ma/l) 

B 
Ba 
Ca 
Fe 
L i  
Mg 
Na 
S i  
S r  

. ". I 

Raft  River Samples East Mesa Sample 
HN H L  HN H L  23- L- 2 3  c HNO HCL -3 - 

0.47 0.45 
0.08 0.07 
159 150 
0.1 0.1 
3.01 2.74 
0.40 0.36 
1470 1400 
32.3 32.0 
0.96 0.94 

0.57 0.57 
0.52 0.52 
187 187 
0.2 0.2 
3.46 3.46 
0.29 0.28 
2040 2040 
29.3 29.8 
6.80 6.78 

30 

8.53 
0.863 
29.2 
1.28 
6.70 
2.05 
2417 
105.6 
6.77 

8.69 
0.876 
29.3 
1.38 

t 
t 

7.17 L 
2.18 

c 2535 
109.4 
6 -83 

L -  
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FIGURE 12. Comparison o f  Polyethlyene t o  Glass as a Storage Container f o r  
Sal ine Solutions when Mercury Concentrations are  Quant i f ied,  
I n i t i a l  concentrations were 2-25 x 10-3 ppb. 
Bothner and Robertson 1975) , 

(Data from 
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6. A c i d i f i c a t i o n  i s  used t o  s t a b i l i z e  NH3 as NH4 and measure i t  i n  the 

f i l t e r e d ,  a c i d i f i e d  (FA) sample. Flowing the cooled l i q u i d  sample 
d i r e c t l y  i n t o  the FA container i s  adequate t o  mix and s tab i l i ze ;  a 
sparge tube i s  unnecessary (Table 4). L imited comparisons o f  ammonia 
preservation options indicated a de te r io ra t i on  r a t e  o f  0-3%/week when 
using HC1 s t a b i l i z a t i o n  (1% by volume) wi thout re f r i ge ra t i on .  This 
r a t e  may vary w i t h  d i f f e r e n t  waters. This HC1 s t a b i l i z a t i o n  was 
u t i l i z e d  during the round robin; the ammonia r e s u l t s  were among the 
more precise reported (not  t y p i c a l  o f  something undergoing degrada- 
t i on ) .  While there was some de te r io ra t i on  indicated On comparing 

7. 

r e s u l t s  t o  synthet ic composition values f o r  one sample, the d i f f e r -  
ence was less than a standard dev iat ion (Section 7). 

For SO4 the f i l t e r e d ,  unac id i f i ed  (FU) sample i s  used; no preser- 
vat ion technique (except f i l t e r i n g )  i s  appl ied on t h i s  sample. 
some f l u i d s  spar ing ly  soluble sulfates, such as BaS04, may be above 
t h e i r  equ i l i b r i um s o l u b i l i t y  l i m i t ;  however, the k i n e t i c s  o f  p rec ip i -  
t a t i o n  are apparently sluggish under many s i tuat ions.  To check f o r  
any loss i n  the SO4 concentration, the f i e l d - d i l u t e d  Si02 sample can 
be compared t o  the undi luted FU value. A d i f ference would i nd i ca te  a 
b ias t h a t  can be remedied, i f  i t  i s  o f  concern, by tak ing a d i l u t e d  
and h i g h l y  HC1 a c i d i f i e d  sample e i t h e r  i n  the Si02 s p l i t  o r  sepa- 
r a t e l y .  Figure 13 demonstrates BaS04 s o l u b i l i t y  i n  NaCl solut ions. 
It i s  not advocated t h a t  HC1 be added d i r e c t l y  t o  the undi lu ted sam- 
p l e  (making it a FA sample) as a means o f  improving the s o l u b i l i t y .  

I n  

TABLE 4. Equivalence of Two Ammonia Co l l ec t i on  Practices. Sampling Rate 
220 ml/min; l i q u i d  temperature 26°C; l i q u i d  pH adjusted; NH3 
concentration, mg/l 

L iqu id  Sample pH 
Co l l ec t i on  Pract ice PH 4-1 PH 6.9 PH 10.1 

Sample Runs i n t o  Open 0.63 
(FA) B o t t l e  

Sample Delivered Via 0.65 
Sparge Tube t o  Bottom 
o f  (FA) B o t t l e  
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SOLUTION IONICSTRENCTH 

FIGURE 13. Bas04 S o l u b i l i t y  Versus I o n i c  Strength; 25°C NaCl Solut ions 
( p l o t t e d  data from Davis and Co l l i ns  1971) 

The acid seems t o  act  t o  speed up the k i n e t i c s  o f  p r e c i p i t a t i o n  t o  
reach the s o l u b i l i t y  l i m i t :  
8,000 ppm TDS) l o s t  15 t o  20% o f  the SO4 a f t e r  8 months compared 
t o  i d e n t i c a l  FU samples; Harrar (1981) repor ts  s l i g h t  a c i d i f i c a t i o n  
t o  cause r a p i d  BaS04 p r e c i p i t a t i o n  i n  a Salton Sea brine. 

Once they are f i l l e d ,  the sample b o t t l e s  are placed i n t o  a large 
cardboard container and covered w i t h  the box l i d .  This serves t o  
keep the samples out o f  the l i g h t  as wel l  as being convenient f o r  
organizing the f i e l d  operation. 

There are other s t a b i l i z a t i o n  approaches, o r  var ia t ions ( f o r  example, EPA 
1979; Presser e t  a l .  1974; Hankins 1980; Kroneman 1981). Some speci fy  c e r t a i n  

acids fo r  preserving c e r t a i n  consti tuents; cool ing samples t o  4°C; ac id i f y ing  
samples t o  a precise pH; o r  delaying no more than 1 day before completing cer- 
t a i n  analyses (e.g. NH3). 

f ou r  FA-HC1 samples (East Mesa 

8. 

8 
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The experience t o  date indicates t h a t  i f  the  sampling i s  conducted and the 
samples s t a b i l i z e d  as described, subsequent composition changes w i l l  be gradual 
enough t o  al low adequate opportuni ty f o r  accurate measurements (wi th  a possible 
q u a l i f i c a t i o n  f o r  H2S). However, despite the s t a b i l i z a t i o n  steps indicated 
i n  t h i s  discussion, the samples s t i l l  should be analyzed as soon as p r a c t i c a l  
i n  order t o  minimize degradation i n  the p a r t i c u l a r  water being analyzed since 
the range o f  geothermal water types i s  broad. A prudent i n i t i a l  t e s t  would be 
t o  perform a second, delayed analysis ( e i t h e r  dupl icate samples or  l a t e r  

reanalysis depending on the const i tuent)  t o  check whether there i s  any deterio- 
r a t i o n  involved i n  the p a r t i c u l a r  resource and ana ly t i ca l  sequence. This i s  
p a r t i c u l a r l y  t r u e  for those const i tuents t h a t  may have legal  (environmental ) 
impl icat ions such as H2S o r  NH3. 
uents of in terest ,  the ana ly t i ca l  factor,  and the purpose of the test ing,  there 
may be some cases where s t a b i l i z a t i o n  i s  not necessary. 

Depending on the resource, the const i t -  
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6. ANALYTICAL SYSTEM 

The approach t h a t  PNL takes t o  the ana ly t i ca l  end o f  the measurement 
process i s  described i n  two sections: 
1. Analy t ica l  techniques 
2. Data q u a l i t y  check 

The purpose of t h i s  discussion i s  t o  r e l a t e  ana ly t i ca l  techniques found t o  be 
r e l i a b l e  over a wide range o f  geothermal sources. 

The ana ly t i ca l  techniques described here do produce sa t i s fac to ry  resul ts ,  
but  are not  necessar i ly  unique i n  t h a t  regard. A laboratory experieqced i n  
geothermal analysis using other techniques may also do very wel l .  
discusses other options. 

Section 7 

ANALYTICAL TECHNIQUES 

Standard techniques and commercially avai lab le instruments are general ly 
acceptable f o r  analyzing geothermal samples. These techniques and instruments 
range from c lass i ca l  wet chemical acid titr ions t o  modern spectroscopic and 
ion chromatographic techniques. The spe methods used by PNL are: 

Spectroscopic: 

Color imetr ic:  f 
Ion Chromatography: f o r  anions 
Select ive Ion Electrodes: 
T i t r a t i o n s :  su l f ide,  a l k a l i n i t y ,  har ss, C02, ch lor ide 
Gravimetric techniques: 
Turbidimetr ic:  su l fa te  

The use o f  the ICP i s  o f  p a r t i c u l a r  bene f i t  t o  a laboratory which analyses 
The simultaneous mu1 ti-element readout minimizes the 

Induc t i ve l y  Coupled Plasma ( I C P )  and Atomic Absorption 

f o r  pH and ammonia 

suspended and dissolved so l i ds  

a broad range 
chance t h a t  a dramatic chang i n  one component w i l l  go unnoticed. 

The techniques are described b r i e f l y  be l  and referenced t o  standard 
methods where avai lable.  
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Induc t ive ly  Coupled Plasma ( I C P )  

ICP, an atomic emission spectroscopic technique, i s  r o u t i n e l y  used for 
m e t a l l i c  cations. F i e l d - f i l t e r e d  and a c i d i f i e d  samples are analyzed d i r e c t l y  
on the Jarrel l-Ash instrument wi thout any other treatment except f o r  d i l u t i o n  
when instrumental l i m i t a t i o n s  requ i re  it. 

The I C P  analyzes the fo l low ing  cations: Al* ,  Ag, As*, B, Ba, Ca, Cd, Co, 
C r ,  Cu, Fe, K, L i ,  Mg*, Mn, Mo, Na, N i ,  P*, Pb, Sb, Se*, S i ,  Sn*, Sr ,  Th, T i ,  
T1*, U*, Zn, Z r .  
requ i re  p a r t i c u l a r  care i n  ca l ibrat ion. ]  

[The marked elements (*) are ones tha t  we have found t o  

Exceptlons f o r  ca t ion  analysis are: 

1. Mercury - use co ld  vapor atomic absorption (CVAA) i n  order t o  get the  . 

necessary s e n s i t i v i t y .  

2. S i l i c o n  - use the co lo r imet r i c  method f o r  s i l i c a  ( the  comparison with 
the I C P  FA sample i s  usua l ly  very close). 

3. Potassium - compare with the  AA i f  the I C P  s e n s i t i v i t y  i s  l imi ted.  

Many ICP instruments requ i re  the se lec t ion  o f  a p a r t i c u l a r  ana ly t i ca l  
wavelength f o r  each element a t  the t ime o f  purchase. This choice i s  then hard- 
wired a t  the fac to ry  and permanently f ixed. The wavelengths t h a t  were speci- 
f i e d  f o r  PNLIs instrument are l i s t e d  i n  Appendix B. For a s ing le  sodium and a 
s ing le  potassium wavelength (as opposed t o  our dual wavelengths) we recommend 
the wavelengths i d e n t i f i e d  as itlow-potassium'8 and "high-sodium" as appropriate 
t o  the widest range o f  geothermal f l u i d s .  

Atomic Absorption (AA) 

Mercury i s  analyzed exc lus ive ly  w i t h  a co ld  vapor atomic absorption (CVAA) 
technique t o  g ive s e n s i t i v i t i e s  below 10 par ts  per t r i l l i o n  on a 250 m l  sample. 
The technique i s  a va r ia t i on  from both the standard APHA method (Par t  301A[VI], 
APHA 1979) and the EPA equivalent (Method 245.1, EPA 1979); a lso see Bothner 
and Robertson (1975). PNL has adopted the use o f  acid-rinsed glass t o  contain 
the sample ( ra ther  than p l a s t i c )  and the add i t ion  o f  a l l  the s t a b i l i z i n g  oxi-  

d i z ing  agents (K2S2O8, HN03, KMn04) a t  the time o f  f i e l d  c o l l e c t i o n  ( ra ther  
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than l a t e r  i n  the laboratory).  
but  s t i l l  invo lve hydroxylamine s u l f a t e  reduct ion o f  excess permanganate, and 
stannous ch lor ide reduct ion o f  mercuric ions. We have also used a s t r a i g h t  AA 
f o r  determination o f  potassium. 

Select ive Ion Electrodes ( S I E )  

The laboratory steps are correspondingly fewer, 

S I €  methods are used t o  measure pH and ammonia concentrations. Vendors 
operating i ns t ruc t i ons  are fo l lowed i n ' t h e  laboratory. However, delayed pH 
measurements made i n  the laboratory  are completely unrel i a b l e  f o r  characteriz- 
i ng  the geothermal l i q u i d  exac t l y  as i t  i s  when i t  f lows through the plant.  
The pH measurement must be made a t  the time o f  sampling on the cooled (recom- 
mend 25"C), newly depressurized 1 iquid.  The condit ions o f  the measurement 
should be noted. 

I on  Chromatography 

Ion exchange l i q u i d  chromatography w i t h  conductimetric detection i s  used 
t o  simultaneously determine the fo l l ow ing  anions: chloride, f luor ide,  n i t r a t e ,  
phosphate, and su l fa te.  
vendor (Dionex) are followed. 
n i t r a t e  t i t r a t i o n  and s u l f a t e  by a barium based tu rb id ime t r i c  technique. 

Wet Chemistry 

Procedural d e t a i l s  and suggestions supplied by the 
I n  addit ion, ch lo r i de  i s  determined by s i l v e r  

1. 

2. 

Vol umetric Methods 

Total  sulfide/H2S: 
and t h i o s u l f a t e  f o r  back t i t r a t i n g ,  i s  s i m i l a r  t o  t h a t  described i n  

p a r t  4280, APHA (1979). 

A l k a l i n i t y :  
standard ac id  as t i t r a n t  determines t o t a l  a l k a l i n i t y  as described i n  
Par t  403, APHA (1979). The a l k a l i n i t y  value ( s i m i l a r  t o  the pH 
value) may be time dependent due t o  the evolut ion o f  COP from the 
sample. For t h i s  reason, reported a l k a l i n i t y  numbers may be suspect 
f o r  many geothermal systems. The information obtained from a t r a d i -  
t i o n a l  a l k a l i n i t y  value could probably be exceeded by the knowledge 
o f  the t o t a l  C02, pH, and a delayed a l k a l i n i t y  value. However, a 

The iodometric t i t r a t i o n  w i th  standard iodine, 

A n e u t r a l i z a t i o n  t i t r a t i o n  t o  a pH 4.5 endpoint using 
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3. 

4. 

1. 

2. 

1. 

2. 

3. 

t r a d i t i o n a l  a l k a l i n i t y  value i s  best determined i n  the f i e l d  a t  the 
time o f  sampling ra the r  than i n  the laboratory. 

Total  C02: An acid t i t r a t i o n  on the NaOH s t a b i l i z e d  sample from 
pH 8.3 t o  4.5 i s  used s i m i l a r  t o  0-513, ASTM (1980). A Me t t l e r  
automatic t i t r a t o r  i s  used, although a manual t i t r a t i o n  would be 
equivalent. 

Hardness: The standard EDTA method i s  used (Part  3098, APHA 1979). 
As a check, hardness i s  also calculated from spectroscopic ana ly t i ca l  
data obtained f o r  mu l t i va len t  cations. 

G r  av imetr  i c Methods 

Suspended Solids: 
( a f t e r  dry ing t o  105°C) which does not pass a 0.45 vm f i l t e r .  Pro- 
cedure d e t a i l s  s i m i l a r  t o  those out l ined i n  Par t  208C, APHA (1979) 
are followed. 

This determination i s  made by weighing the matter 

Total  Dissolved Solids: The f i l t r a t e  i s  evaporated t o  dryness i n  
two steps, one 9O'C and one 180'C, using a tared crucible.  
Pa r t  208B, APHA (1979) f o r  procedural de ta i l s .  

See 

Color imetr ic Analyses 

S i l i c a :  
a t  410 nm i s  performed w i th  a Hach Spectrometer. 
cr ibed i n  Par t  426B, APHA (1979). 
I C P  . 

The co lo r ime t r i c  molybdosi l icate analysis using absorption 
De ta i l s  are des- 

S i l i c a  i s  also measured using the 

Ammonia: A d i r e c t  Nessler co lo r ime t r i c  determination i s  u t i l i z e d  i n  
addi t ion to, o r  i n  place of ,  the S I E  analysis. This co lo r ime t r i c  

method depends on the absorption a t  425 nm; again the Hach Spectro- 

meter i s  u t i l i z e d .  
See Par t  418B, APHA (1979) f o r  de ta i l s .  

Rochelle s a l t  i s  used as the s t a b i l i z i n g  reagent. 

Dissolved Oxygen: 
CHEMetrix f i e l d  k i t s .  Care should be taken t o  make sure t h a t  oxygen 
i s  not  introduced i n  the sampling equipment o r  operation; spec i f i -  
ca l l y ,  f i t t i n g s  on valves and tubing need t o  be very snug. 

The technique i s  the f i e l d  determination using 
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Miscellaneous Analyses 

1. Conductivi ty: This parameter i s  determined by use o f  a ca l ibrated 
conduc t i v i t y  c e l l  and bridge. See Par t  205, APHA (1979).  

2. Turb id i ty :  This general water parameter i s  determined using an 
absorptometric technique Hach Spectrometer. Results are expressed 
i n  formazin t u r b i d i t y  un i ts ,  FTU, which are s i m i l a r  t o  Jackson candle 
uni ts.  The basic procedure i s  i n  HACH Chemical (1976). This mea- 
surement can be time dependent. 

DATA QUALITY CHECK 

The data q u a l i t y  check i s  a measure o f  the i n t e r n a l  consistency o f  the 
ana ly t i ca l  data, and i s  necessary t o  ensure t h a t  r e s u l t s  are consistent. 
Appendix C d e t a i l s  PNL's procedure. Bas ica l l y  it consists o f  two parts: 

e charge balance (anion t o  ca t i on  r a t i o )  
e mass balance [ t o t a l  dissolved so l i ds  (TDS) t o  analyzed const i tuents r a t i o ]  

For both o f  these par ts  the r a t i o s  would be 1.00 f o r  a complete and accurate 
analysis, bu t  i n  pract ice they vary. A value i n  the 0.95 t o  1.05 range appears 
t o  be sat isfactory.  Laboratories t h a t  analyze f a i r l y  consistent types o f  sam- 
ples may do be t te r .  Reservoir engineering programs, where small changes i n  
concentrations are interpreted, may requ i re  a b e t t e r  balance. 

Both the mass and charge balances are p r i m a r i l y  sens i t i ve  t o  the major 
components, and a small e r ro r  here w i l l  a f f e c t  the q u a l i t y  check even though 
the  m a j o r i t y  o f  t he  r e s u l t s  are accurate and consistent. 
r e s u l t s  on the major components can cover up poor r e s u l t s  on other const i -  
tuents. 
change as the pH var ies from one sample t o  another. 
f o r  on l y  a few s p e c i f i c  components, these q u a l i t y  checks may no t  be usable f o r  

I f  the sample i s  high i n  v o l a t i l e  sa l ts ,  the mass bal- 
ance may be adversely af fected by mass losses dur ing the dry ing step o f  the 
gravimetr ic TDS determination. Experience shows t h a t  these q u a l i t y  checks 
record t h e i r  poorest values on samples having less than 1000 ppm TDS and a 

H C 5  value t h a t  i s  a large f r a c t i o n  o f  the TDS value. The mass balance and 

charge balance, ca lcu lated as described here and i n  Appendix C, seem t o  move 

Conversely, accurate 

I n  the ca l cu la t i on  o f  t he  charge balance, some o f  the species w i l l  
When analyzing the l i q u i d s  

' l a c k  of requi red data. 
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in parallel, and to a similar degree, when indicating a large inconsistency or 
incomplete analysis. 
o f  the two quality checks descibed here. 

The charge balance is the more definitive and widely used 

Figure 14 relates the internal consistency experienced during a field 
exercise in the Raft River, Idaho, Known Geothermal Resource Area (KGRA) using 
the analytical techniques described. This figure reflects results of the 
initial analysis; no reruns to obtain a better fit were performed. 

I I 

FIGURE 14. Analytical Charge Balance Versus Temperature 
of Geothermal Water, Raft River, Idaho, Case Study 
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7. 

This sect ion 

ALTERNATIVE ANALYTICAL TECHNIQUES (ROUND ROB I N )  

describes the comparative performance o f  a1 te rna t i ve  analyt- 
i c a l  techniques on geothermal samples as determined i n  a mult i- laboratory, 
round-robin t e s t  organized by PNL. 
in terpreted by Watson 1980. 
because some o f  the conclusions and statements i n  Watson 1980 could not be 
b e n e f i c i a l l y  u t i l i z e d .  ' A  side-by-side comparison o f  the two in terpretat ions 
i s  given i n  Appendix D. 

The raw data (Shannon 1979) was f i r s t  
The re in te rp re ta t i on  presented here was made 

The round-robin involved 20 laborator ies analyzing four  samples: two of 
-4,000 ppm TDS and two o f  -240,000 pm TDS (sea water i s  -33,000). 
a t  each leve l  was synthet ic;  the actual samples were taken from the East Mesa 
(Well 6-2) and the Salton Sea (Woolsey No. 1 Well) areas. 
ac id  s t a b i l i z e r .  The samples were shipped by mail  o r  commercial c a r r i e r  t o  
the par t ic ipants ,  most o f  whom were west o f  the Mississippi .  
1 aboratories, w i t h  varying degrees o f  geothermal experience, used procedures 
o f  t h e i r  own choice. 
sca t te r  o f  r e s u l t s  and the d i f f i c u l t y  o f  cont ro l  or  knowledge about how par- 
t i c u l a r  laborator ies exercised procedures are s im i la r  t o  problems encoun- 
tered during an i n te rna t i ona l  water analysis round rob in  ( E l l i s  1976). 

One sample 

HC1 was used as the 

The p a r t i c i p a t i n g  

Figure 15 represents the prec is ion o f  the resul ts .  The 

The published data were in terpreted by two techniques. An e a s i l y  appl ied 
s t a t i s t i c a l  too l ,  the Q-test (Dean and Dixon 1951), i d e n t i f i e d  deviant r e s u l t s  
w i t h  a 90% confidence level .  
method (o r  sole r e s u l t  i f  on ly  one laboratory used the method) w i t h  the mean 
(o r  so le)  r e s u l t s  o f  other methods i n  an attempt t o  i d e n t i f y  the deviant 
method. The Q-test  operated on ly  if three o r  more values (each fqom a separ- 
ate method) were avai lable. 
second technique: 
samples. 

This treatment compared the'mean r e s u l t s  o f  a 

Several methods were c l a s s i f i e d  deviant by a 
comparing the r e s u l t s  t o  known compositions i n  the synthet ic 

This approach was consistent w i t h  the avai lab le data. 

An ana ly t i ca l  method was declared deviant i f  i t s  average r e s u l t  was 
"flagged" by e i t h e r  of 
samples (it i s  the i n t e n t  here t o  evaluate ana ly t i ca l  methods su i tab le  f o r  the 
range of geothermal f l u i d s ,  not  j u s t  one p a r t i c u l a r  type o f  f l u i d ) .  

was declared acceptable i f  it was used on both the low and high TDS samples 

, 

e evaluat ion techniques for  one o r  more o f  the four 

A method 
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and was not i d e n t i f i e d  as deviant. The d e t a i l s  o f  how the data were analyzed 
and a descr ip t ion o f  the Q-test are given i n  Appendix E. 

The r e s u l t s  o f  t h i s  i n t e r p r e t a t i o n  are shown i n  Table 5, A general i n t e r -  
p re ta t i on  o f  Table 5 i s  suggested i n  Table 6. 
a t ion  code i s  i n  Table 7. A complete summary of these methods has been 
pub1 ished (Watson 1979) , 
t o  several published sources where more deta i led procedures are avai lable. 

The ana ly t i ca l  method abbrevi- 

Appendix F cross references these ana ly t i ca l  methods 

The lack of cont ro l  i n  the round r o b i n  and the lab-to-lab va r ia t i on  i n d i -  
cates t h a t  those methods i d e n t i f i e d  as I8devianttt should be ca l ibrated w i t h  care 
if they are t o  be used. 
the under ly ing data and the i n t e n t  o f  t h i s  in terpretat ion.  

Any stronger conclusion exceeds both the q u a l i t y  o f  

I n  order t o  quan t i f y  the i n te r l abo ra to ry  di f ferences t h a t  are t o  be 
expected between laborator ies,  the coeff  i c iGn t  o f  va r ia t i on  (COV) was p l o t t e d  
as a func t i on  o f  concentrat ion f o r  each round r o b i n  set--one po in t  f o r  the 
high TDS samples and one f o r  the low TDS samples. To smooth the data, both 
the COV and the concentrations are average values from each round-robin se t  
since the concentrations o f  the synthet ic sample mimicked the r e a l  sample f o r  
most const i tuents.  S ta r t i ng  w i t h  the sets demonstrating the worst prec is ion 
(highest COV), the conclusions o f  Table 5 were applied t o  discard r e s u l t s  from 
88deviant88 methods. The r e s u l t  i s  Figure 16, which essen t ia l l y  i s  t h i s  i n t e r -  
p re ta t i on  o f  su i tab le  methods appl 

Two d i s t i n c t  groups form once 
carded. The band t h a t  ranges from 
o f  concentration, represents the b 

ed t o  a de ta i l ed  Figure 15. 

the r e s u l t s  from 88deviant8' methods are dis-  
15 t o  40% COV (Group A), and i s  independent 
s i c  d i f ference between laborator ies using 

reasonable methods t o  analyze geothermal samples. Since t h i s  band i s  constant 
over a wide concentrat ion range i t  i s  in terpreted t h a t  i n te r l abo ra to ry  and/or 
intermethod di f ferences are the dominant source o f  va r ia t i on  f o r  cat ion analy- 
ses on a given sample down t o  a concentrat ion range o f  approximately 1 mg/l 
(assumi hg reasonable choice o f  methods). 
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TABLE 5. S u i t a b i l i t y  o f  Ana ly t i ca l  Methods for Gepthermal Br ine 
Consti tuents Based on Round Robin Results 

CONSTITUENT 
METHOD RESULT: UNABLE TO METHOD RESULT: ANALYTICAL 

DEVIANT EVALUATE ACCEPTABLE METHOD 

Sb B, so4 A l ,  Ba, Ca, Cs, Cu, Fe, Pb, L i ,  Mg, Mn, 
K, Rb, S i ,  Ag, Na, Sr, Zn 

Hg 

Cu, Pb, Mn, - Al, fe, 

Sb As - 

Cs, Zn, Sb, Ag, As - 

Ba - 
“4 

B r  - 

As 

CO* ( t o t a l )  
A l k a l i n i t y ,  HCO3 

c1 

F - 

C02 ( T o t a l )  ”4 

Hardness, HCO3 

B 

Fe 

B 

NOTE: 1. 
2. 

RESULT CLASSIFIED DEVIANT I F  SO IDENTIFIED FOR ONE OR MORE OF THE FOUR SAMPLES. 
UNDERLINED ENTRIES BASED ON SINGLE DATA POINTS. 
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A4 

AA cv 
AA EXT 

AA GF 

AA H EV 

A4 A GEU 

ABSORPT 

ACID T I T  

Ag T I T  

PMA DIST 

API PHOT 

As COLOR 

ASC COLOR 

AUTO ANAL 

CALCULATE 

CAR COLOR 

COLOR 

CUR COLOR 



TABLE 5. (contd) 

CONSTITUENT 
D RESULT: UNABLE TO M m  RESU LT : ANALY T I CK 

DEVIANT EVALUATE ACCEPTABLE METHOD 

DIR NES Y4 
"4 DIST NES 

DIST T I T  

EDTA T I T  

Y4 L Hardness, Ca, Mg 

L As, Ca, Cu, Fe, L i ,  Mg, Mn, K, 2, 
Pb. As L;. 

EM SPEC 

FLAME EM Si,  fh, E 4  Fe Cs, L i ,  K, Rb, Na, Sr, fl, 4. Ca - 
S i  Susp. So l i ds ,  T.D.S., 504, i? GRAV I - 

s i  - 
T u r b i d i t y  

c1 

HACH MET 

HB COLOR 

Hg T I T  

- Na, Mg, Mn, Ag, Sr, Zn, Al ,  Ba, B, Ca, Cu, 
Fe, Pb 

ICP 

Br, Cl, NH4 

B r  - 

I 

ION SP EL 

I P  COLOR 

LAUTH V I 0  

LEU COLOR 

.MB COLOR !.!Zs 
Conduct i v i t y  METER 

NOTE: 1. 
2. 

RESULT CLASSIFIED DEVIANT IF  SO IDENTIFIED FOR ONE OR MORE OF THE FOUR SAMPLES. 
UNDERLINED ENTRIES BASED ON SINGLE DATA POINTS. 

L 
Li 
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TABLE 5. (contd) 
LI c CONSTITUENT 

METHOD RESULT: UNABLE TO METHOD RESULT: ANALYTICAL 
DEVIANT EVALUATE ACCEPTABLE METHOD 

E 4  

Ca 

S i  

Sb, Br, Cs, Rb, Na, Sr, Zn, Ba, 

T u r b i d i t y  

AI,  C1, I ,  Hg, 
K, Ag 

I 

PH 

co2 ( T o t a l )  

B r  

CO ( T o t a l l  -2 

F 

Al, Ba, Fe, Mn, E, fi, 1, 4, Na, 2 
- 

Cop ( T o t a l )  

so4 

F - 
T u r b i d i t y  

NOTE: 1. RESULT CLASSIFIED DEVIANT I F  SO IDENTIFIED FOR ONE OR MORE OF THE FOUR SAMPLES. 
2. UNDERLINED ENTRIES BASED ON SINGLE DATA POINTS. 
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MPA MET 

MS COLOR 

NEUTRON 

NEPHEL 

OX1 T I T  

pH MET 

PRE EVO 

Sn CO DI 

Sn COLOR 

S r  GRAVI 

SPECT 

SSMS 

T CARBON 

TURBID 

VIS D IST  

V IS  MAT 

XRF 



TABLE 6. Recommended I n t e r p r e t a t i o n  f o r  Table 5 

Method Result: Unable t o  
Deviant Eva1 uate Method Result: Acceptable 

1) No under l in ing - the average -No I n t e r p r e t a t i o n  1) No under l in ing - on average 
r e s u l t  from the method devi- 
ated: l)  s t a t i s t i c a l l y  from 
the r e s u l t s  o f  other methods 
o r  2) from composition values 

t h i s  method's r e s u l t s  were 
consistent with other methods' 
f o r  a l l  samples. 

f o r  a synthet ic br ine.  
Choosing an a1 ternate method 
or  carefu l  c a l i b r a t i o n  w i t h  

recommended consistent r e s u l t  f o r  a l l  

2) Under l in ing - the sole l ab  
analyzing t h i s  parameter by 

* representat ive standards i s  t h i s  method reported a 
w 

samples . 
2) Underl ining - the r e s u l t ( s )  

o f  using t h i s  method was 
(were) deviant on one o r  
more samples because of 
a s ing le  l ab ' s  r e s u l t .  
Be aware o f  a po ten t i a l  
prob 1 em. 



AA 
AACV 
AA EXT 
AA F G 
AA H EV 
AA A GEN 
ABSORPT 
ACID TIT 
AG T I T  
AMA DIST 
A P I  PHOT 
AS COLOR 
ASC Color 
AUTO ANAL 
CALCULATE 
CAR COLOR 
COLOR 
CUR COLOR 
DIR NES 
DIST NES 
DIST TIT 
EDTA TIT 
EM SPEC 
FLAME EM 
GRAV I 
HACH MET 
HB COLOR 
HG TIT 
I CP 
IODO TIT 
I O N  EXC 
I O N  SP'EL 
I P  COLOR 
LAUTH VI0 
LEU COLOR 
MB COLOR 
METER 
MF'A MET 
MS COLOR 
NEUTRON 
NEPHEL 

PH METER 
PRE EVO 
SN CO D I  
SN COLOR 
SR GRAVI 
SPECT 
SSMS 
TOT CARBON 
TURBID 
V I S  DIST 
V I S  MAT 
XRF 

0x1-TIT 

TABLE 7. Abbreviat ion Code f o r  Ana ly t i ca l  Methods 
L4 i Atomic Absorption 

Cold vapor atomic absorption 
Atomic absorption, extract ion method 
Atomic absorption, graphite furnace 
Atomic absorption, hydride evolut ion 
Atomic absorption, arsine generation 
Abs or ptome tr i c 
Acid t i t r a t i o n  
AgNe t i t r a t i o n  
Amadac F and d i s t i l l a t i o n  
A P I  photometric 
Arsenious cer ic  color imetr ic 
Ascorbic acid color imetr ic 
Auto analyzer 
Calculat ion 
Carmine color imetr ic 
Co 1 or i me tr i c 
C urcumi n col or ime tr i c 
D i  r e c t  ness 1 er i r a t  i on 
D i  s t i 1 1 a t  i on and ness 1 er  i r a t i on 
D i s t i l l a t i o n  i n t o  H2S04 and t i t r a t i o n  with NaOH 
EDTA t i t r a t i o n  
Emission spectroscopy 
Flame emission spectroscopy 
Gr av ime tr i c 
Hach meter 
He teropol y-b 1 ue co l  or ime tr i c 
Hg(N03)~ t i t r a t i o n  
Induct ively coupled plasma 
Iodometr i c t i t r a t i o n  
Ion (exchange) chromatography 
Ion  speci f ic  (select ive) electrode 
Iodine-permanganate color imetr ic 
Lauth's V io le t  (a var ia t ion on MB COLOR) 
Leuco crysta l  v i o l e t  color imetr ic 
Methylene blue color imetr ic 
Conductivity meter. 
Molybdophosphate acid method 
Mol ybdosi 1 ica te  color imetr ic 
Neutron act ivat ion 
Nephel omet'er 
Hypochlorite oxidation and t i t r a t i o n  
pH meter 
Precise evolut ion e .  

SnC12 color imetr ic wi th digestion 
SnC 12 color imetr ic 
Stron t i um gr av ime tri c 
SPADNS spectrophotometric 
Spark source mass spectrometry 
Total carbon analyzer 
Turbi dime tr i c 
A l i za r in  visual and d i s t i l l a t i o n  
Visual matching 
X-ray fluorescence ( o f  1 iqu id sample) 

L 
f 
L 
L 
I; 
L 
6. 
E 
L 
6 
c 
11 
L 
L 
I 
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FIGURE 16. In ter laboratory  Precision Vs Concentration o f  Cations. Data from 
"Deviant" Methods Discarded as Described i n  Text. 



The gap i n  Figure 16 may be an a r t i f a c t  o f  the p a r t i c u l a r  i n t e r p r e t a t i o n  
presented here; however, i t  may i l l u s t r a t e  t h a t  other sources o f  v a r i a t i o n  
become dominant below a concentrat ion range o f  - l /mg/ l  (Group 8).  These 
fac to rs  may include. 

0 ongoing p r e c i p i t a t i o n  i n  the sample t h a t  becomes the dominant source 
o f  e r r o r  a t  low concentrations 

0 normal s t a t i s t i c a l  uncer ta in t ies as instrumental detect ion l i m i t s  are 
approached 

0 interferences/calibration d i f f i c u l t i e s  a t  low concentrations i n  the 
(spectroscopic) methods commonly used. 

A s i m i l a r  treatment was applied t o  the anion r e s u l t s  and again two groups 
formed (Figure 17). A lower band (A)  again can be postulated, although w i th  
fewer data points, i n  a s i m i l a r  range (10 t o  50%) t o  t h a t  found f o r  the cat ion 
data. The higher group again ind icates t h a t  again sources o f  e r r o r  other than 
lab-to-lab v a r i a t i o n  become dominant. However, f o r  the anions, t h i s  second 
group forms a t  higher average concentrat ion than the more precise data, which 
r u l e s  out the possib i t y  t h a t  i t  i s  due t o  normal s t a t i s t i c a l  uncer ta in t ies as 
detect ion 1 i m i  t s  are approached. Since these s a l t s  are usual ly  very soluble, 
t h i s  indicates t h a t  nterferences and/or c a l i b r a t i o n  d i f f i c u l t i e s  are a l i k e l y  
cause o f  uncer ta in ty  i n  anion measurements i n  concentrated brines. 

L i s ted  below are some general conclusions from the round robin:  

1. The wide range of r e s u l t s  made i t  d i f f i c u l t  t o  evaluate the methods. 

2. Speci f ic  ion electrode r e s u l t s  demonstrated problems and 
i ncons i s t enc i  es 
a. NH4 and C1 r e s u l t s  were sub jec t i ve l y  the best over the e n t i r e  

range although both were c l a s s i f i e d  ttdeviantt ' (Care i n  ca l i b ra - '  
t i o n  i s  appropriate). The NH3 s p e c i f i c  ion electrode i n d i -  
cated some negative b ias  i n  the less concentrated br ines (-14 ppm 
NH4, -4000 ppm TDS). 
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FIGURE 17. In ter laboratory  Precision Vs Concentration o f  Anions. Data from 
ttDeviant" Methods Discarded as Described i n  Text 



b. As the b r ine  became more concentrated, consistency de te r io r i a ted  
f o r  I and F. 
r e s u l t s  on the same concentrated b r i n e  sample. 
The B r  r e s u l t s  were deviant and imprecise for  a l l  four  samples. 
The spread of reported hydrogen ion concentrations increased 
seven-fold i n  going from the low t o  high TDS b r ine  ( i n  l oga r i t h -  
mic pH u n i t s  the range was 1.37 f o r  low TDS and 2.24 f o r  high 
TDS br ine).  A pH meter t h a t  reads t o  0.1 pH u n i t s  i s  j u s t  as 
s a t i s f a c t o r y  as one t h a t  reads t o  0.01 pH uni ts .  pH should be 
a f i e l d  measurement. 

Up t o  three orders o f  magnitude separated some 

c. 
d. 

3. For determining t o t a l  so l i ds  content, the more precise measure i s  a 
t o t a l  dissolved so l i ds  (TDS) gravimetr ic determination; conduct iv i ty  
v a r i a t i o n  was s i g n i f i c a n t l y  greater. Conductivi ty meter c a l i b r a t i o n  
pract ices could be examined and poss ib ly  t ightened i f  the values are 

4. 

5. 

6 .  

7. 

8. 

9. 

t o  be used quan t i t a t i ve l y .  

Di rect  X-ray fluorescence (XRF) analysis o f  the br ines was general ly 
un re l i ab le  i n  g i v i n g  accurate values. 
t e n t l y  t r i e d  t h i s  approach. 

Spark Source Mass Spectrometry (SSMS) had problems when used as the 
basic ana ly t i ca l  tool .  
adequate. 

Ion (exchange) chromatography was used on a l i m i t e d  basis and gave 
acceptable r e s u l t s  f o r  a l l  e igh t  species reported. 

Atomic spectroscopy, AA and ICP, gave acceptable r e s u l t s  f o r  most 
cations. The analysis o f  antimony (Sb) was the only  one i d e n t i f i e d  
as deviant f o r  both methods. 

The determination o f  t o t a l  COP i n  high TDS samples requ i res 'ex t ra  
care i n  checking f o r  interferences. 

There was no evidence o f  any de te r io ra t i on  o f  any o f  the const i tuents 
o f  the synthet ic  b r i ne  samples based on reported r e s u l t s  and 

Only one laboratory consis- 

For selected components i t s  r e s u l t s  were 

52 



synthet ic make-up values. Where there was a lesser concentration 1 

indicated i t  was w i t h i n  one standard deviat ion o f  the o r i g i n a l  value. 

10. The in te r l abo ra to ry  prec is ion o f  the iodometric t i t r a t i o n  ( the  most 
popular method) on zinc preserved H2S samples was s t rongly  a func- 
t i o n  o f  concentrat ion (Figure 18) i nd i ca t i ng  a funct ional  l i m i t  of 
>1 mg/l, a t  l e a s t  on an i n te r l abo ra to ry  basis, Ind iv idual  labora- 
t o r i e s  may wish t o  t e s t  t h e i r  own performance ( i t  should be s i g n i f i -  
c a n t l y  b e t t e r )  t o  establ ish minimum concentration l i m i t s .  The 
average r e s u l t  f o r  the two synthet ic  samples showed no de te r io ra t i on  
from make-up values; since the prec is ion of the actual samples f a l l s  
on the same curve i t  impl ies t h a t  the actual samples suffered no 
de te r io ra t i on  e i t h e r  ( t he  poor prec is ion l i m i t s  the strength of t h i s  
statement). 

11. Results from d i f f e r e n t  laborator ies,  using reasonable methods o f  
t h e i r  own choosing, w i l l  vary with a basic c o e f f i c i e n t  o f  v a r i a t i o n  

0 ACTUAL SAMPLE 
0 SY NTHEll C SAMPLE 

ORIGINAL COMPOSITION 
/ 

6 4 2 0 

H2S (mgll) 

FIGURE 18. Iodometr i c  H2S Determination; I n t e r  1 aboratory 
Precis ion Versus Concentration 
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12. 

(COV) o f  approximately 15 t o  40% f o r  cat ions and 10 t o  50% f o r  
anions. This basic COV i s :  
t o t a l  dissolved sol  i d s  - TDS, sodium, chloride, ammonia), exceeded 
f o r  cat ions a t  o r  below 1 t o  .1 mg/l concentrations, and i s  general ly 
exceeded f o r  anion measurements i n  concentrated brines. 

There was no evidence o f  ammonia de te r io ra t i on  i n  the samples. 
data from the "deviantao methods i s  discarded the r e s u l t s  ind icate 
no loss o f  ammonia (Table 8). 

lowered f o r  a few components (e.g., 

I f  the 

TABLE 8. Anunonia S t a b i l i t y  

Synthesis Multi-Lab Coe f f i c i en t  o f  
Value Average Var ia t ion (%) 

Low TDS 14.0 12.84 10 
Samples I 16.23 6 

High TDS 448 449 8 
Samples - 369 8 
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APPENDIX A 

SAMPLING SINGLE-PHASE GEOTHERMAL FLOWS 

1. Scope 

1.1 T h i s  method covers extraction of representative samples from pres- 
surized single-phase geothermal flows and s tabi l izat ion of inorganic consti- 
tuents for subsequent analysis. 

1 .2  T h i s  method covers the collection of discrete samples; i t  does not 
cover continuous sampl ing .  

2. Specific Exclusions 

2.1 This does no t  address sampling total  noncondensible gases (NCG) for 
use i n  simulating how NCG will parti t ion between dissolved and gaseous s t a t e s  
under particular plant operating conditions. Specifically i t  does not address 
quantifying gases such as N2, CH4 and certain other trace gases that  are  
soluble i n  cold, depressurized brine (Section 12) .  

3. Equipment Specifications 

not meant t o  be binding. 

4. Purpose 

3.1 T h e  reference to specific sizes of equipment is i l l u s t r a t ive  and is 

4.1 The goal of sampling is to obtain a portion of the main body of 
f lu id  t h a t  is t ru ly  representative of the geothermal resource. Cri t ical  
factors  necessary to  achieve this are: 
sampl i n g ,  sampl ing techniques, f lu id  homogeneity# and maintenance of chemical 
integri ty  prior to  analysis. 

4.2 A t o t a l l y  representative sample should not be an absolute prerequi- 
s i t e  to the selection of a sampling point. 
nonrepresentative sample can yield valuable data about trends and can indicate 
areas where more representative data would be available. 
from a single point i n  a system must be recognized as being potentially non- 
representative t o  some degree. Therefore, i t  becomes important t o  recognize 
the degree of representation i n  the sample and to  make i t  a part of the per- 
manent record. Otherwise, an a r t i f i c i a l  degree of precision is assigned to  
data when i t  is recorded. 

adequate geothermal flow, points of 

With adequate interpretation, a 

Samples collected 

man i 
the 

4.3 The samples must be collected, s tabi l ized,  packed, shipped, and 
pulated prior t o  analysis i n  a manner tha t  safeguards against change i n  
particular constituents or properties to  b 
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5. P u r i t y  o f  Reagents 

5.1 It i s  recommended t h a t  the highest p u r i t y  acid ("03 o r  H C l ) ,  KMn04, 
and K&O8 avai lable s h a l l  be used f o r  s t a b i l i z i n g  m e t a l l i c  const i tuents t o  
minimize the in t roduct ion o f  addi t ional  elements and therefore improve the end 
data by minimizing the blank (and the detection l i m i t )  and maximizing the pre- 
cision. 

5.2 A l l  chemicals s h a l l  be o f  reagent grade p u r i t y  o r  better.  Unless 
otherwise indicated, i t  i s  intended t h a t  a l l  reagents sha l l  meet or  exceed the 
p u r i t y  spec i f icat ions o f  t h e  Committee on Analy t ica l  Reagents o f  the American 
Chemical Society, where such speci f icat ions are available.1 

improve the precis ion o f  t he  C02 analysis. 
Note - It i s  advantageous t o  use NaOH t h a t  i s  t1C02-free81 i n  order t o  

6. Method Summary 

inserted i n t o  the main f l o w  through a seal and a straight- throated valve. The 
f l u i d  i s  cooled under f u l l  f low pressure. The system i s  dropped t o  atmospheric 
pressure, and the f u l l  sample stream i s  run i n t o  a ser ies o f  separate sample 
containers. 
chemical-physical parameters f o r  l a t e r  measurement. 

6.1 - F l u i d  i s  extracted from a pressurized geothermal f low using a probe 

These are designed o r  contain chemicals t o  s ' tabi l ize s p e c i f i c  

6.2 This procedure i s  appl icable t o  sampling pressurized geothermal f l u i d  
from sources such as we l l  heads, pipe, processing streams and tanks on an 
i n t e r m i t t e n t  basis. 

6.3 The use o f  t h i s  procedure i s  intended t o  permit the pract iced 
operator t o  sample s ing le  phase flows t o  obtain chemical and physical 
cha rac te r i s t i cs  o f  t he  f l u i d .  The use of t h i s  method and appropriate 
support ing ana ly t i ca l  techniques w i l l  provide the fo l l ow ing  data: 

6.3.1 L iqu id  

6.3.1.1 E 1 emen t a l  Compos i t i  on 

6.3.1.2 pH 

6.3.1.3 Dissolved Solids 

6.3.2 Gases - Dissolved o r  Flashed 

6.3.2.1 Quan t i t y  

1 "Reagent Chemicals, American Chemical Society Speci f icat ions ,I1 Am. Chemical 
SOC., Washington, DC. For suggestions on the t e s t i n g  o f  reagents n o t  l i s t e d  
by  the American Chemical Society, see "Reagent Chemicals and Standards,l# by  
Joseph Rosin, D. Van Nostrand Co., Inc., New York, NY, and the "United States 
P harmaco pei a. 
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6.3.2.2 Chemical Composition ( p a r t i a l )  

6.3.3 Suspended Solids 

6.3.3.1 Quan t i t y  

7. Abbreviat ions 

7.1 FU - F i l te red ,  Unacid i f ied F l u i d  

7.2 FA - F i l te red ,  A c i d i f i e d  F l u i d  

7.3 FAHg - F i l te red ,  A c i d i f i e d  f o r  Mercury Analysis (see t e x t )  

7.4 RU - Raw, Unacid i f ied F l u i d  (Unf i l te red)  

7.5 D I  - Deionized 

8, Equipment 

8.1 The equipment s i ze  spec i f i cs  mentioned are meant t o  be i l l u s t r a t i v e .  

8.2 The sampling-line equipment i s  recommended t o  consis t  o f :  

8.2.1 

8.2.2 Cooling bath(s).  

8.2.3 I n l e t  and o u t l e t  va lve and temperature components w i th  su i tab le  
f i t t i n g s  t o  at tach t o  system, 

8.2.4 Sparge tube and f i t t i n g  t o  use i n  sample container (2-hole rubber 
stopper and glass tube w i th  medium glass frit i s  adequate). 

8.2.5 Two p a i l s  and b a i l i n g  cup t o  remove excesses from cool ing buckets 
and sample l i n e .  

I nse r t i on  sampling probe w i th  f l e x  hose and cool ing c o i l ( s ) .  

8.2.6 Ice.  

8.2.7 Water. 

8.3.2 One 100 m l  p l a s t i c  b o t t l e  ( f o r  Si02 sample d i l u t i on ) .  

8.3.3 One 1 - l i t e r  bo t t l e ,  f o r  t o t a l  C02 determination, containing 
500 m l  (2 N) NaOH ( f o r  C02 s t a b i l i z a t i o n ) .  
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8.3.4 One 1 - l i t e r  b o t t l e  containing 500 m l  (0.5N) z inc  acetate so lut ion 
( f o r  H2S). 

8.3.5 Three 1 - l i t e r  b o t t l e s  f o r  FU, FA, and RU samples (FA b o t t l e  t o  
contain 10 m l  concentrated HCL o r  "03). 

8.3.6 One 250 m l  glass b o t t l e  (FAHg f o r  mercury analysis) containing 
3 m l  o f  5% KMn04 solut ion,  3 m l  o f  concentrated "03, and 5 m l  o f  5% K2S208 
so l  u t i on. 

8.4 The measurement too l s  sha l l  include: 

8.4.1 pH meter and probe and b u f f e r  solut ions. I f  i n l i n e  probe i s  used, 
v e r i f y  t h a t  probe and housing w i l l  withstand f u l l  system pressure 011 mount 
downs tr eam o f  regu l  a t  i n  g valve. 

8.4.2 5 m l  p ipe t te  and 50 m l  volumetric f l ask  ( f o r  - A 0  f o l d  Si02 
d i  1 u t  ion ) . 

8.4.3 DI water i n  squeeze b o t t l e  (with supply f o r  r e f i l l ) .  

8.4.4 1000 m l  graduated cyl inder.  

8.4.5 Conduct iv i ty meter. 

8.4.6 C l i p  board w i th  data sheet. 

8.4.7 Thermometer f o r  water and a i r  temperature. 

8.4.8 (1) pre-weighed 0.45 micron f i l t e r  i n  p ro tec t i ve  holder - tared t o  
10-4 grams f o r  suspended sol  ids.  

9. Geothermal Flow Conditions 

during shutdown and start-up operations. 
t he  recent f low h i s t o r y  o f  the wel l  t o  minimize the p o s s i b i l i t y  t h a t  the f l u i d  
composition i s  atypical .  A r u l e  o f  thumb i s  t o  f low the wel l  a t  f u l l  pro- 
duction rates f o r  a t  l e a s t  24 hours p r i o r  t o  sampling. 

on a macro scale using the conduct iv i ty  o f  the f lowing sample stream. 

9.1 Geothermal wel ls f requent ly  experience chemical composition s h i f t s  
Before sampling, examine and record 

9.2 The short term chemical consistency during sampling can be monitored 

- 
10. Sample Tra in  Set-up 

10.1 Assemble equipment and connect sample t r a i n  components. 

10.2 Attach i n s e r t i o n  probe t o  f l e x  hose with probe valve closed. 
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10.3 Attach b a l l  valve/pressure gland t o  system valve. (Note: I f  samp- 
l i n g  wi thout using an inser tab le  probe, at tach f l e x  hose d i r e c t l y  t o  sample 
va lve wi thout us ing probelgland.) 

10.4 Check a l l  valves t o  assure they are closed. 

10.5 Connect cool ing c o i l s  t o  f l e x  hose and i n s e r t  probe t o  desired posi- 
t i o n  i n  pipe as fo l lows: 

10.5.1 Measure distance probe i s  t o  be inserted and mark probe. 

10.5.2 I n s e r t  probe i n t o  pressure gland and t ighten. 

10.5.3 It i s  h i g h l y  recommended t h a t  a sa fe ty  chain o r  other device be 
used t o  assure t h a t  the probe i s  no t  expel led by  i n te rna l  pressure i n  the 
geo t her ma 1 s ys tern . 

10.5.4 Open access valve ( f requent ly  a gate valve). 

10.5.5 Loosen pressure gland and i n s e r t  probe t o  mark. 

10.5.6 Tighten pressure gland. 

10.5.7 Readjust sa fe ty  chain t o  secure probe a t  t h i s  pos i t ion.  

Probe opening 
should face upstream. 

- 10.6 Slowly open i n l e t  b a l l  valve f u l l y  open. 

10.7 Check v i s u a l l y  f o r  leaks--system i s  pressurized t o  the o u t l e t  regu- 

10.8 F i l l  water bucket and i n s e r t  c o i l s  i n  buckets. 

10.9 

10.10 

l a t i n g  valve--correct any leaks. 

I ce  the i c e  bucket and add water t o  e tab l i sh  c o i l  contact. 

Open out l e t  regulating vclve slowly and regulate flow to obtain an 
o u t l e t  temperature between 20 and 30 C. The proposed standard temperature f o r  
record ing pH values i s  2 5 O C .  

the i n i t i a l  sampling data. 
10.11 Flush system w i th  a t  l e a s t  three l i t r e s  o f  b r i ne  whi le  recording 

11. Unf i l tered F l u i d  Sample (RU) 

11.1 Continue the sample f low as s ta r ted  above. 

11.2 Determine and rec  d pH a t  s t a b i l  ized e x i t  temperature. 

11.3 Determine and record conduct iv i t y  a t  s t a b i l i z e d  e x i t  temperature 
(Optional ). 
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11.4 F i l l  the RU b o t t l e .  

11.5 Seal and label  RU b o t t l e .  

12. Gas Sample 

12.1 Continue the sample f low s ta r ted  above. This step c o l l e c t s  a gas 
sample t h a t  e x i s t s  over the cooled, depressurized f lowing b r ine  sample. 

12.2 Measure and record b r i n e  temperature and range o f  va r ia t i on  during 

(Substantial gas-l iquid 
the gas c o l l e c t i n g  step. Control temperature as p rec i se l y  as possible (25 C - + 1 recommended) t o  minimize gas composition s h i f t s .  
s o l u b i l i t y  changes w i t h  temperature ex is t . )  

bubbles are out by p u t t i n g  o u t l e t  end up). 
12.3 F i l l  glass bulb with geothermal l iqu id-br ine (make sure a l l  a i r  

12.4 I n v e r t  bulb and place o u t l e t  o f  bulb i n t o  bucket o f  water. 

12.5 When bulb i s  f u l l  o f  gas and gas bubbles are seen i n  the bucket o f  
water, close ou t l e t ,  then i n l e t  stopcocks on gas bulb and disconnect tygon tube 
from sample cool ing c o i l .  

13. F i l t e r e d  Flow Samples 

where s t a b i l i z a t i o n  i s  used because suspended so l i ds  may dissolve i n  the 
s t a b i l i z e d  so lu t i on  and bias the chemical composition. 

Label bulb. 

13.1 F i l t e r e d  samples are advantageous f o r  improved s to rage / in teg r i t y  

13.2 Close b a l l  valve and i n s e r t  weighed f i l t e r  and holder i n t o  l ine--  
r e s t a r t  f low. While the f i l t e r  i s  i n  l i n e  it i s  necessary t o  measure the flow. 
Use o f  the graduated cy l inder  and the f i l l  volume o f  the sample b o t t l e s  i s  a 
convenient way t o  accomplish t h i s  

13.3 From t h i s  f i l t e r e d  f low f i l l  the fo l l ow ing  sample containers, seal 
and label: 

13.3.1 FU b o t t l e .  

13.3.2 Make Si02 d i l u t i o n s  by wi thdrawing-br ine using the  p ipe t te  from 
the FU b o t t l e  whi le i t  i s  f i l l i n g .  Add the b r ihe  t o  volumetric f l a s k  h a l f  
f i l l e d  w i t h  D I  water. F i l l  t o  mark w i th  D I  water and empty d i l u t e d  sample 
i n t o  Si02 p l a s t i c  sample b o t t l e  and label .  

13.3.3 FA b o t t l e .  

13.3.4 FAHg b o t t l e  (a glass b o t t l e  w i t h  ox id izer  i n  it f o r  Hg s t a b i l i z a -  
t i o n  - see text ) .  

13.4 Col lect  t o t a l  COP and H2S samples as fol lows: 
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13.4.1 Attach sparge tube and f i t t i n g  t o  sampling t r a i n  ou t l e t .  

13.4.2 Check temperature. 

13.4.3 Sparge gas + l i q u i d  i n t o  C02 b o t t l e  ( h a l f - f i l l e d  w i th  NaOH) 

13.4.4 Rinse o f f  sparge tube i n t o  the sample b o t t l e .  

13.4.5 Repeat w i t h  H2S b o t t l e  ( h a l f - f i l l e d  w i th  z inc acetate 

13.4.6 Rinse o f f  sparge tube i n t o  the sample b o t t l e .  

Note: 

u n t i l  f u l l  t o  l - l i t e r  mark. 

so lu t ion) .  

I f  sampling a t  a high rate,  o r  i f  the CO /H2S content i s  high 
or unknown, two s t a b i l i z a t i o n  b o t t l e s  w i th  sparge t u  2 es should be used i n  
ser ies instead o f  t he  s ing le  one mentioned i n  13.4.3 and 13.4.5. 

13.5 To quan t i f y  the suspended so l i ds  i n  the cooled flow: 

13.5.1 Stop the  f low and record the f low volume t h a t  passed through the 

13.5.2 Remove f i l t e r  holder and pass D I  water through it i n  the same 

f i l t e r .  

d i r e c t i o n  as the geothermal f l u i d .  This serves t o  remove traces o f  the b r ine  
which would otherwise contr ibute so l i ds  as it dried. 
apply pressure o r  vacuum t o  move the D I  water through a f i n e  or  plugged f i l t e r .  

14. Shutdown 

14.1 Measure sample stream conduct iv i ty  a t  the same temperature as when 
sampling s ta r ted  - Step 11.3 (Optional). 

14.2 Record a l l  wel l  and sample t r a i n  parameters a t  end o f  sampling. 

Note: 
dur ing sampling. 

sys tern. 

It may be necessary t o  

This provides some ind i ca t i on  o f  the f l o w ' s  chemical consistency 

14.3 Carefu l ly  remove sample probe and close sample valve on the 

14.4 Disconne f l e x  hose from i n s e r t i  probe and f lush w i th  D I  water. 
B l o w  the sampling t r a i n  d r y  using tygon tube as mouth piece. 

15. Data Sheet 

15.1 A sample data sheet i s  shown i n  Figure A.l. 
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c 
Date: Location : 
Geothermal Flow: Sample Point: 
Access (Probe or?) Well o r  Process: 

Temp. '(F o r  C )  Pressure p s i  
Flow Rate ( ) A i r  Temp. 

S t a r t  Time: 

Sample Temp: ; PH a t  (Temp) a t  (Time) 
Conduct iv i ty a t  (Temp) a t  (Time) 
Raw-unfil tered (R), Unacid i f ied (U) Samples 

RU 
Gas Bulb 
F i l t e r e d  (F) Samples, some A c i d i f i e d  (A)  

Tared F i l t e r  ID: 9 Time on: 

I D  Code Sample Temp. - Time Comments 

I D  Code Sample Temp - T i  me C m e n  t s  
FA 
FU 
S i  O2 
FAHg 

c02 
H2S 

, Total  Volume Through F i l t e r ;  Time O f f  

Sample: Conduct iv i ty a t  (Temp) a t  (Time ) 
Shut Down: Flow; Pressure 9 Temp , Flow Rate 
Time Completed: Recorded by: 

Remarks/Other Measurements: 

I: cy; 
L 
b 

t 
t 
L 

L 

FIGURE A.l .  Geothermal Sampling Data Sheet 
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I C P  WAVELENGTHS 
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ELEMENT 

A1 

Ag 

As 

B 

Ba 

Ca 

Cd 

co 

Cr 

cu 

Fe 

K ( low conc.) 

K (h igh conc.) 

L i  

Mg 

Mn 

Mo 

APPENDIX B 

I C P  WAVELENGTHS 

WAVELENGTH (A) 
3092 

3280 

1936 

2497 

4934 

31 79 

2265 

2286 

2677 

3247 

2599 

7664* 

4047 

6707 

3832 

2576 

2020 
J. 

Na (high conc.) 

Na ( low conc.) 

N i  

P 

Pb 

Sb 

Se 

S i  

Sn 

Sr 

Th 

*T i  

T l  

U 
Zn 

Zr 

ELEMENT WAVELENGTH (A) 

*Better choice f o r  s ing le  wavelengths. 
x2 Indicates 2nd order. 

B. 1 

3303" 

5896 

2316 x2 

2149 x2 

2203 

21 75 

1960 

2881 

1899 

421 5 

2837 

3349 

3775 

3859 

2062 x2 

3391 
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DATA QUALITY CHECK PROCEDURE 

1. Scope 

1.1 This spec i f i ca t i on  covers the minimum requirements f o r  control  i n  
repo r t i ng  the ana ly t i ca l  work on a geothermal l i q u i d  sample. 

1.2 This adapts and extends ASTM standard 0-596-69(74) t o  geothermal 
sampl es . 
2. Appl icat ion 

con t ro l  check on the r e p o r t i n g  o f  ana ly t i ca l  data. 
i t y  assurance program w i t h i n  the actual working laboratory  o r  f i e l d  sampling 
a c t i v i t i e s .  

3. Summary 

3.1 This spec i f i ca t i on  covers the q u a l i t y  cont ro l  check t o  be made on 
the r e s u l t s  o f  the completed chemical analysis t o  assess the degree o f  i n t e r -  
na l  consistency. 

by: 

2.1 This spec i f i ca t i on  covers on l y  the  minimum requirements f o r  a q u a l i t y  
I t  does not  cover the qual- 

3.2 The i n t e r n a l  consistency o f  t he  ana ly t i ca l  r e s u l t s  w i l l  be determined 

3.2.1 Charge balance ( i dea l  value: 1.00). 

3.2.2 Mass balance ( i dea l  value: 1.00). 

3.3 Discussion - The attainment o f  the ideal  value o f  1.00 f o r  e i t h e r  the 
mass or  charge balance serves as a q u a l i t y  check on the ove ra l l  analysis. A 
1.00 value says simply t h a t  e i t h e r  the analysis i s  correct  or  a large e r r o r  i n  
an i nd i v idua l  value i s  p rec i se l y  compensated for by  errors  i n  other i nd i v idua l  
values . 
determinations f o r  consistency w i th  macro values. 
o f  t he  par ts  adds up t o  the whole. 

3.5 S e n s i t i v i t y  - This q u a l i t y  check i s  p a r t i c u l a r l y  sens i t i ve  t o  major 
components. The pH or  ox idat ion po ten t i a l  w i l l  a f f e c t  which species are pre- 
sent f o r  i nc lus ion  i n  the charge, mass balances. Hydrogen and hydroxyl ions 
(H', OH-) are n e g l i g i b l e  f o r  geothermal waters. Experience w i t h  par t icu-  
l a r  waters w i l l  i nd i ca te  other ions t h a t  are n e g l i g i b l e  f o r  t h a t  water type. 

3.4 Rationale - This q u a l i t y  check compares the r e s u l t s  o f  i nd i v idua l  
It checks t o  see i f  the sum 
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4. De f in i t i ons  

a r a t i o  o f  t he  sums o f  the negative (anion) and 
p o s i t i v e  (cat ion)  i o n i c  charges, quan t i f i ed  as m i l l i equ iva len ts  per l i t e r ,  
detected i n  the f l u i d .  S p e c i f i c a l l y  the charge balance i s  defined as the 

4.1 Charge Balance: 

t r a t i o :  

c Anion Concentrations (meqll 
CHARGE BALANCE = c Cation Concentrations (meq/!) 

4.2 Mass Balance: a r a t i o  o f  the observed mass of dissolved so l ids and 
the t o t a l  calculated mass based on the r e s u l t s  of the i nd i v idua l  analyses. 
S p e c i f i c a l l y  the mass balance i s  defined as the r a t i o :  

Total Dissolved Sol i d s  (mg/l ) 
oncen t ra t i ons  (mg/ 1 r MASS BALANCE = Individual Solid 

4.3 Total  Dissolved Solids - That matter, dispersed i n  the geothermal 
f l u i d  t o  g ive a homogeneous s ing le phase, which i s  nonvolat i le  when dr ied t o  a 
res  i due . 

4.4 So l i d  concentration - The concentration o f  nonvo la t i l e  i o n i c  and 
molecular species present i n  the f l u i d .  

5. Standard Speci f icat ion 

include a statement, f o r  t h a t  i nd i v idua l  sample, specifying: 
5.1 A l l  repor ts  o f  ana ly t i ca l  determinations on geothermal f l u i d s  s h a l l  

5.1.1 Charge balance. 
7 

5.1.2 Mass balance. 

5.2 Both charge and mass balance s h a l l  be reported t o  the hundredth 
column (x .xx) .  

6. Charge Balance 

6.1 Anions - A l l  quan t i f i ed  anions are t o  be included i n  the charge bal- 
ance. A p a r t i a l  l i s t i n g  o f  anions found i n  geothermal l i q u i d s  i s  below, along 
with the m u l t i p l i c a t i v e  fac to r  t o  convert from (mg/l) t o  (m i l l i equ iva len ts /  
l i t e r ) .  

6.1.1 Chloride, C1- (0.0282). 
6.1.2 Sulfate, SO; (0.0208). 
6.1.3 Bicarbonate, HCO; (0.0164). 
6.1.4 Carbonate, CO; (0.0333). 
6.1.5 Fluoride, F- (0.0526). 

6.1.6 N i t ra te ,  NO; (0.0161) 

L 
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6.1.7 Biphosphate, HPO; (0.0208) 

6.2 Cations - A l l  quan t i f i ed  cations are t o  be included i n  the charge 
balance. A p a r t i a l  l i s t i n g  o f  cations found i n  geothermal l i q u i d s  i s  below 
along with the m u l t i p l i c a t i v e  f a c t o r  t o  convert from (mg/l) t o  m i l l i equ iva len t /  
l i t e r ) .  

cd 6.1.8 Bisul f ide,  HS- (0.0302) 

1 

6.2.1 Sodium, Na+ (0.0435). 

6.2.2 Potassium, K+ (0.0256). 

6 2.3 Calcium, Ca++ (0.0499) 

6.2.4 Strontium, Sr++ (0.0228). 

6 2.5 Lithium, L i +  (0.144). 

6.2.6 Magnesium, Mg++ (0.0823). 

II 
u 

I] 

u 

u 

f c 6.2.7 I ron,  Fe* (0.0358). 

6.2.8 Amonium, NH4 (0.167). 

6.3 Charge balance s h a l l  be reported as the r a t i o  o f  the sum o f  the ani- 
onic charges t o  the sum o f  the ca t i on i c  charges. 

7. Mass Balance 

7.1 The mass balance s h a l l  be the r a t i o  of the d i r e c t l y  determined t o t a l  
dissolved so l i ds  (TDS) t o  the sum o f  the i n d i v i d u a l l y  determined so l i ds  
present. 

7,.2 The i n d i v i d u a l l y  determined so l i ds  s h a l l  be those s@cies tabulated 
f o r  the charge balance plus nonvo la t i l e  molecular components such as s i l i c a .  

8. P a r t i a l  Analysis 

I n  the event o f  o n l y  a p a r t i a l  analysis being performed on the major 
components o f  a sample, the fo l l ow ing  items s h a l l  be noted t o  comply w i t h  t h i s  

8.1 

iy q u a l i t y  cont ro l  standard: 

8.1.1 Charge balance. 

8.1.2 Mass balance. 

8.1.3 Note t h a t  the analysis i s  incomplete. 

8.1.4 Note i d e n t i f y i n g  the incomplete po r t i on  o f  the analysis. 

L 
# 

k; 

k 
I 

c.3 



9. Worksheet 

REPORT DATE: 
PROJECT: 
SAMPLE ID: 

L 

CHARGE BALANCE =(meqla anions)+(meq/g cations)= 

MASS BALANCE =p-'= 

I 9.1 A sample worksheet for calculat ing t h e  charge and mass balances i s  
shown i n  Figure C.l. 

PARAMETER 

L E  
H C O C  

HS- I 

AMO#s 

Factor 

0.0164 

0.0333 

0.0302 . 
SOq. 0.0208 

F- 0.0526 

#03- 0.0161 

HPO; 0.0208 

c1- 0.0282 

MASS BALANCE 

FIGURE C.l. Sampl e Worksheet 

c 
L 

I 
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CHLORIDE COMEM (PPM) OF GEOTHERMAL ROUND 
ROBIN SAMPLES BY METHOD* 

Round-Robin Results 
Low TDS HI9h fDs 

GRR-1 GRR-2 

REAL W L E  REAL SAMPLE 

2009 _. .. 

1957 
1955 
1937 
1917 
1880 
1820 

Hg TIT (1904) 

W 2OOo 
F 1932 

1909 
1773 
-34- 

. 

XRF (1269) 
1957 
580 

NEUTRON (1288) 

GRAVI (1970) 

( 1 2 7 , ~  

131,200 
130,600 
130,500 
127,000 
125,300 
122,700 

130;OOO 
122,100 

ION SP a (2om -( 140,OOo)- 

ION EX (1975) (132,OOO) 

* Data o f  Shannon (1979). Tables 1 and 3, no syn the t ic  sample r e s u l t s  
( ) Nethod Value, or average - - S t a t i s t l c a l l y  mltted or deviant, t h l s  paper - Underl ined methods c l a s s i f i e d  by s ing le  datum 

METHOD EVALUATION FOR CHLORIDE 

KINDLE AND WOOD RUFF(^) WATSON (1980) (b) 
METHOO RESULT: ACCEPTABLE WITHIN 95% CONFIDENCE LIMIT 

Ag TIT 
GRAVI . r n  
Ih EX 
-XRF 

UNABLE TO EVALUATE 

NEUTRON 

GRR-1 GRR-2 

NEUTRON ( S I C )  Ag TIT 
Hg T I T ,  
GRAVI  
ION EX 

OUTSIDE 95% CONFIDENCE LIMIT 

GRR-1 GRR-2 

Aa TIT XRF 

METHOD RESULT: DEVIANT 

ION SP EL 

HG TIT ION SP EL 
XRF 
NEUTRON ( S I C )  ' 

. I  

GRAVI 
ION SP EL 
ION EX 

(a) Explained i n  t e x t  and Appendlx F. Deviant r e s u l t s :  (1) Rejected w i t h  90% 
confidence t h a t  they were deviant  us ing Q-test, or (2) d e t e n i n e d  for 
synthe t ic  samples by comparison t o  known values. 

(b) J: C. Watson,. "Roud Robin Evaluat ion of Methods f o  
Geothenal  Brine," GEOTHERMAL SCALING AND CORROSIO 
L. A. Casper and T. R. Pinchback, Eds., ASTM , 236-2 



... . . . . 

SILICA CONTENT (PPM) OF GEOTHERMAL ROUND 
ROBIN SAMPLES BY METHOD* 

Rwnd Robin Results 
Low TDS High TDS 

GRR-1 GRR-2 

METHOD EVALUATION FOR SILICA 

KINDLE AND WOODRUFF(') WATSON ( 1980)(b) 
METHOD RESULT: ACCEPTABLE WITHIN 95% CONFIDENCE INTERVAL SYN 250 REAL 

(244) 
295 
271 
269 
255 

SYN 44.9 

(39.7) 
-583- 
49.2 
43.2 

REAL 
AA 
MS COLOR 

GRR - 1 GRR-2 

MS COLOR HB COLOR 
AA (249) 

276 
( 396 1 
475 
438 265 

264 
257 
228 
206 

ICP 
409 
407 
400 
375 

42.8 
41 
37.5 

UNABLE TO EVALUATE 
210 
165 

OUTSIDE 95% CONFIDENCE INTERVAL . 
36.2 370 
27.8 297 

GRR-1 GRR-2 

AA AA 
MS COLOR HB COLOR 

FLAME EM FLAME EM 
SSMS I C P  

METHOD RESULT: DEVIANT 

HB COLOR (228) (223) 
250 237 
206 230 

.( 216)- -(262)- 
401 279 

30 244 

EM SPEC 
€mvr 
H B T B L O R  
I C P  
FLAME EM - SSMS 

EM SPEC SSMS 
GRAVI  203 

MS COLOR (239) (239) 
300 290 
226 230 
219 219 
210 218 

(37.7) (376) 
45 500 

0 

N 

38 400 
37.9 355 
36.8 355 
31 268 

(a )  Explained i n  t e x t  and Appendix F. 

( b )  J. C. Watson. "Round Robin Evaluat ion o f  Methods f o r  Analvsis o f  

Deviant resu l t s :  (1 )  Rejected w i t h  90% 
confidence t h a t  they were dev iant  us ing Q-test .  o r  (2 )  determined f o r  
syn the t i c  samples by comparison t o  known values. 

FLAME EM (260) -(391)- 
300 535 
220 247 

' Geothermal Biine," GEOTHERMAL SCALING AND CORROSION, ASTh STP 717. 
L. A. Casper and T. R. Pinchback, Eds.. ASTM. 236-258 (1980) 

SSMS _- PRESENT (42.8) -(173)- 
286 
60 

EM SPEC - ( 3 ) -  ( 428 I -- 
GRAV I -- -- -(17)- ( 166 1 

* Data o f  Shannon (1979). Tables 1 and 3 
Synthet ic  make up va lue 

( ) Method value or average - - Resul t  s t a t i s t i c a l l y  thrown w t  f o r  t h i s  paper, o r  deviant - Underl ined methods c l a s s i f i e d  by s i n g l e  datum 



0 

w 
. 

DISSOLVED AMMONIA CONTENT (PPM) o f  GEOTHiRMAL 
ROUND ROBIN SAMPLES BY METHOD* 

Round-Robin Results 
Low TDS High TDS 

GRR-1 GRR-2 

SYN 14 REAL SYN 448 REAL 

16 18 5 69 584 
15 17.9 448 341 

DIR NES (15.5) (16) ( 508 1 -(463)- 

14.8 
13.5 

- (343) 
370 

ION SP EL -(10.4)- (13.7) (420) 
12 17 464 
11.7 14.2 
10.8 14.0 
9.9 13.6 

436 
361 

-135- 

341 
332 
329 

7.8 9.9 -139- 

DIST NES (12.4) (15.1) 
13.7 16 
12.5 14.8 

(377) 
4 20 
380 

10.9 14.6 400 33 1 

AUTO ANAL (14.1) (16.8) (444) (366) 

ION EX (13.0) (16.8) ( 480 (358) 

A C I D  TIT (16.5) (20.3) - (  165)- (342) 

( ) Method Value, o r  Average - - Deviant Value o r  S t a t i s t i c a l l y  b i t t e d  f o r  t h i s  Paper 

Data o f  Shannon (1979). Tables 1 and 3 

METHOD EVALUATION FOR AMMONIA 

KINDLE AND WOOD RUFF(^) WATSON (1980) ( b, 
METHOD RESULT: ACCEPTABLE WITHIN 95% CONFIDENCE INTERVAL 

AUTO ANAL . 
DIST NES 
ION EX 

GRR-1 GRR-2 

AUTO ANAL AUTO ANAL 
ION EX ION EX 

UNABLE TO EVALUATE OUTSIDE 95% CONFIDENCE INTERVAL 

METHOD RESULT: DEVIANT 

DIST T I T  

GRR-1 GRR-2 

A C I D  T I T  ACID TIT 
NES NES 
ION SP EL ION SP EL 

(a) Explained i n  t e x t  and Appendix E. Deviant resu l t s :  
confidence t h a t  they were dev iant  us ing 0-test, o r  (2) determined f o r  
syn the t i c  samples by comparison t o  known values. 

I b )  J. C. Watson. "Round Robin Evaluat ion o f  Methods f o r  Analvsis o f  

(1) Rejected w i t h  90% 

. I  

Geothermal Bhne,' GEOTHERMAL SCALING AND CORROSION, A S 6  STP 717, 
L. A. Casper and T. R. Pinchback, Eds., ASTM, 236-258 (1980) 

Synthet ic  Make-up Value - Underl ined Methods C l a s s i f i e d  by Single Datum 
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APPENDIX E 

METHODOLOGY GEOTHERMAL ROUND ROBIN EVALUATION 

BAS I S  

1. Use "Q-testtt (Dean and Dixon 1951) t o  s t a t i s t i c a l l y  i d e n t i f y  deviant 
r e s u l t s  a t  90% confidence leve l .  

2. Q-test i s  appl ied i n  ser ies t o  a set  o f  data t o  t r y  t o  i d e n t i f y  addi t ion 
deviant r e s u l t s  even a f t e r  one r e s u l t  i s  already discarded. 

- 

a1 

3. The mean values o f  method's r e s u l t s  were t reated as s ing le values having 
no standard deviat ion. 

4. For synthet ic samples compare r e s u l t s  t o  known value. to  establ ish deviant 
value i n  addi t ion t o  applying Q-Test. 

\ 

METHODOLOGY 
1. To a r r i v e  a t  r e s u l t  per method per species per sample. 

A. 
B. If m u l t i p l e  resu l t s :  

U 

li 
bl 
u 

I f  s ing le  r e s u l t  use t h a t  value. 

1) Apply Q-test t o  omit f l y e r s .  
2)  Use mean value o f  remaining data. 

2. Use Q-test on r e s u l t s  of 1 t o  i d e n t i f y  deviant methods. 

A. 
8. 
C. 

I f  mean value was deviant, so i d e n t i f i e d  i n  Table 5. 
If s i n g l e  value was deviant, so i d e n t i f i e d  i n  Table 5. 
I f  mean value was Q-test deviant s o l e l y  because o f  a s ing le  datum, 
then t h a t  method was i d e n t i f i e d  as a s ing le  value deviant. This E l  

lcl resu l ted  several times when there were two widely d i f f e r e n t  values 
f o r  one method; the Q-test on l y  works on three or more values. The 
HB co lo r  method f o r  s i l i c a  wa 
GRR-2 synthet ic  sample, Appendix D 

f l ed  t h i s  way based on the 

Use wide o r  consistent v a r i a t i o n  from composition values t o  i d e n t i f y  
deviant r e s u l t s  i n  synthet ic  samples. 

L 
L 
1 / 

3. 
An example i s  the i o n  se lec t i ve  

ame c 1 ass i f i c a t  i on amnonia i n  GRR-1, App 

E . l  

L 



4. For the purpose o f  applying the Q-test  the r e s u l t s  on the synthet ic and 
r e a l  samples are assumed t o  be coupled within,  b u t  no t  between, each 
round robin.  This i s  a f u r t h e r  attempt t o  i s o l a t e  i nd i v idua l  laboratory 
biases, since both samples w i t h i n  a round r o b i n  were presumably analyzed 
concurrent ly and i d e n t i c a l l y .  
ant on the GRR-1 synthet ic  sample t h a t  method's data would be excluded 
from the GRR-1 r e a l  sample data set, bu t  no t  from the GRR-2 s t a t i s t i c a l  
analysis. GRR-1 and GRR-2 were in terpreted separately and then the 

For example i f  one method were found devi- 

r e s u l t s  combined. 

5. Less than values were general ly ignored e n t i r e l y  o r  c l a s s i f i e d  as "unable 
t o  evaluaten8. 
i t  included (such as I C P  method on s i l i c a ,  Appendix D). A l l  C02 (TOTAL) 
determinations were put  i n t o  t h i s  category because o f  the scat ter  on the 
high TDS samples .. 

Only i f  the less than value f i t t e d  wel l  with other data was 

6. The "unable t o  evaluate" c l a s s i f i c a t i o n  was also used i f :  
A. An acceptable value resu l ted  from a method used i n  on ly  one GRR.  

* 6. Less than three methods were used t o  analyze t h a t  parameter. (The 
s t a t i s t i c a l  t e s t  doesn't operate on fewer than three data points.) 
The data sub jec t i ve l y  d i d  no t  match with the evaluation process. C. 

7. IIUnable t o  evaluate" methods were included i n  the s t a t i s t i c a l  evaluat ion 
process. 
evaluate" were included i n  the s t a t i s t i c a l  evaluation t h a t  l e d  t o  the 
c l a s s i f i c a t i o n  o f  other methods. 

Speci f ica l ly ,  t he  r e s u l t s  o f  methods c l a s s i f i e d  "unable t o  

Q-TEST 

The Q-test  as stated by  Day and Underwood (1967) i s  performed as fol lows: 

1. Calculate the range o f  the resu l t s .  

2. Find the  d i f ference between the suspected r e s u l t  and i t s  nearest 
neighbor . 
Divide the d i f ference obtained i n  step 2 by the range from step 1 t o  

obtain the r e j e c t i o n  quotient, Q. 
3.  

E.2  



b 

L 

4. Consult a tab le  o f  Q values. 
than the value i n  the table, the r e s u l t  can be discarded w i t h  90% 
confidence t h a t  i t  was indeed subject t o  some fac to r  which d id  not  
operate on the other resu l t s .  

I f the computed value o f  Q i s  greater 

VALUES OF REJECTION QUOTIENT, Q 

Number o f  
Observations 

3 
4 
5 
6 
7 
8 
9 

10 

L 

L 
E.3 

Qo.90 
0.90 
0.76 
0.64 
0.56 
0.51 
0.47 
0.44 
0.41 

id 
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ANALYTICAL METHODS USED I N  GEOTHERMAL ROUND ROBIN, 
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APPENDIX F 

ANALYTICAL METHODS USED IN GEOTHERMAL ROUND ROBIN, (a )  
IDENTIFICATION AS "STANDARD' METHODS 

Ana ly t i ca l  methods used i n  analyzing geothermal f l u i d s  are cross re fe r -  
enced t o  methods published by f i v e  agencies: ASTM, API,  EPA, APHA, and USGS. 
The parameters measured are ind icated as t o  whether a t  l e a s t  one o f  t h e  methods 
corresponded t o  a method published by one o f  these 'standardizingll organiza- 
t ions:  

1) American Society for  Test ing and Mater ia ls - ASTM 
2) American Petroleum I n s t i t u t e  - A P I  
3)  Environmentdl Protect ion Agency - EPA 
4) American Publ ic  Heal th Associat ion - APHA 
5) United States Geological Survey - USGS 

USGS - APHA - EPA - AP I - ASTM Analysis . - 
A l k a l i n i t y  X X X X X 
A1 umi num X X 
Ammon i a X X X 
Antimony 
Arsen i c X X X X 

Bar i um X X X X 
Bicarbonate, Carbonate X X X 
Boron X X X X 
Bromide X X X X X 

- Calcium X X X X X 
Carbon Dioxide X X X X 
Cesium 
Chlor ide X X X X X 
Conduct iv i ty  X X X X X 

F luor ide X X X X X 

L 
L 
u 
I, 
ii Copper X X X X 

iJ € 1  

( a )  Based on PNL's manual "Sampling and Analysis Methods f o r  Geothermal 
F lu ids and Gases," PNL-MA-572 (1979). 

i" F.l 



t ASTM 

X 

- 

X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 

X 
X 
X 

X 

X 
X 

AP I - 
X 

X 

EPA 

X 
X 

- USGS - APHA - 
X X 
X X 

Anal ys i s 

Hardness 
Hydrogen Sul f ide  

Iodine 
I r o n  

Lead 
Li thium 

Magnes i urn 
Manganese 
Mercury 

PH 
Phosphate 
Potass i urn 

Rub i d i urn 

Si1 i c a  
S i l v e r  
Sodi urn 
Str on t i urn 
Sul fate  
Sul f i de 
Suspended Sol ids  

Tota l  Dissolved Solids (TDS) 
Turb id i ty  

X 
X 

X X 
X X I, 

X X X 
X L 

X X 
X 
X 

X '  
X 
X 

X X 
X X 
X t- 

X 
X 

X 
X 

X 
X 
X 

L 
X 
X 
X 

X x/ 
X X 

X 
X 

X 
X X 
X X 

X 
X 

X 
X 
X 

X 
X 

X X 
X X 

X X X Zinc X 

f 
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CROSS REFERENCED 

ASTM ANALY S IS - 

METHODS IN DETAIL 

USGS - AP I - EPA APHA - 
1. ALKALINITY (ACID TIT.) D 1067-70 2.21-2.22 0071 0 403 BOOK 5 

2. ALUMIN 
I 

A. ATOMIC ABSORPTION-DIRECT 01 105 301 I V  

C. ATOM1 C ABSORPTION-EXTRACTION 301 V WRI 
D. FLAME EMISSION 

B. ATOMIC ABSORPTION-GRAP. FURN. 

E. X-RAY FLUORESCENCE 
F. INDUCTIVELY-COUPLED PLASMA 
G. SPARK SOURCE MASS SPEC 
H. NEUTRON ACTIVATION 
I. EMISSION SPEC 

7.l 

w 

3. AMMONIA 
A. DISTILLATION PROCEDURE D 1426-74 0061 0 41 8A 
B. TITRATION 
C. NESSLER D 1426-74A,B 0061 0 41 8B 
D. COLORIMETRIC PHENATE (AUTO. ) 0061 0 
E. AMMONIA ELECTRODE 0061 0 WRI 
F . I ON- EXCHANGE CHROMATOGRAPHY 

4. ANTIMONY 
A. ATOMIC ABSORPTION-DIRECT 
B. ATOMIC ABSORPTION-HYDRIDE EVOLUTION 
C. X-RAY FLUORESCENCE 
D. INDUCT1 VELY -COUPLED PLASMA 
E. SPARK SOURCE MASS SPEC 
F. NEUTRON ACTIVATION 
G. EMISSION SPECTROMETRY 



API EPA APHA USGS - ASTM - 
5. ARSENIC 

A. SILVER DIETHYLDITHIOCARBAMATE D 2972-74 
B. ATOMIC ABSORPTION-DIRECT 
C. ATOMIC ABSORPTION-(HYDRIDE EVOL.) 
D. INDUCTIVELY COUPLED PLASMA 
E. SPARK SOURCE MASS SPEC 
F. NEUTRON ACTIVATION 
G. EMISSION SPEC 

01 002 404A BOOK 5 

301 A 

6. BARIUM 
A. TURBIDIMETRIC 
B. ATOMIC ABSORPTION 
C. FLAME EMISSION 

3.32 
01 007 303 BOOK 5 

D. ICP 
E. SPARK SOURCE MASS SPEC 
F. NEUTRON ACTIVATION 
G. EMISSION SPEC 7-l 

P 

7. CARBONATE, BICARBONATE 
A. ACID TITRATION D 513-71C 
B. CaC03 SATURATION CALCULATION 

4078 BOOK 5 
203 

8. BORON 
A. CARMINE COLORIMETRIC D 3082-74A 
B. CURCUMIN COLORIMETRIC 
C. FLAME EMISSION 

405B 
01 022 405A 

D O  ICP 
E. SPARK SOURCE MASS SPEC 
F. EMISSION SPEC 

BOOK 5 



USGS - EPA APHA - API - ASTM - 
9. BROMIDE 

A. HYPOCHLORITE OXIDATION-TITRATION D 1246-77C 71 870 BOOK 5 
B. CHROMIC ACID OXID. & EXTRACTION 3.14 
C. COLORIMETRIC D 1246-77B BOOK 5 

( IODINE-PERMANGANATE) 
D. COLORIMETRIC-PHENOL RED 

F. X-RAY FLUORESCENCE 

406 
E. BROMIDE ELECTRODE 

G. ION EXCHANGE CHROM. 
H. SPARK SOURCE MASS SPEC 
I. NEUTRON ACTIVATION 

10. CALCIUM 
A. EDTA TITRIMETRIC D 511-76B 2.4 0091 0; 0091 6 306C BOOK 5 
B. ATOMIC ABSORPTION D 2576-70 0091 6 301 A BOOK 5 

C. FLAME EMISSION 
D. ICP 
E. NEUTRON ACTIVATION 
F. EMISSION SPEC . 

D 511-76C 

11. CARBON DIOXIDE 
4078 A. TITRIMETRIC D 513-71 

C, D, E 
B. STRONTIUM GRAVIMETRIC 

D. CALCULATION 
E. INFRARED CARBON ANALYZER 00680 

C. PRECISE 'EVOLUTION D 513-71 A, E. 
203 
407 A, B, C 



USGS - APHA - EPA - API - ASTM 
12. CESIUM 

A. ATOMIC ABSORPTION 
B. FLAME EMISSION 
C. NEUTRON ACTIVATION 
D. EMISSION SPECTROMETRY 

1 

13. CHLORIDE 
A. SILVER NITRATE TITRATION D 512-67B 2.8 408A BOOK 5 
B. MERCURIC NITRATE TITRATION D 512-67A 00940 4088 BOOK 5 

D. GRAVIMETRIC 
E. CHLORIDE ELECTRODE 
F. X-RAY FLUORESCENCE 
G. ION-EXCHANGE CHROM 
H. NEUTRON ACTIVATION 

c . TI TR IMETRI c ( CONDUCTOM ETR I c 

7 
& 14. CONDUCTIVITY 

A. CONDUCTIVITY METER D 1125-77A9B,C 2.91 00095 205 BOOK 5 

15. COPPER 
A. ATOMIC ABSORPTION (DIRECT) D 2576-70 01 042 301 BOOK 5 

9. AA-MIBK EXTRACTION 
C. X-RAY FLUORESCENCE 
D. ICP 
E. SPARK SOURCE MASS SPEC 
F. NEUTRON ACTIVATION 
G. EMISSION SPEC 

D 1688D 



EPA APHA USGS - AP I - ASTM 

16. FLUORIDE 
A. 
B. COLORIMETRIC D 1179-72A 

D. FLUORIDE ELECTRODE D 1179-72B 
E. ION-EXCHANGE 

AL I ZARI N ( PRE-DI S T I  L L A T I  ON) 

C. AMADAC F COLORIMETRIC 

F. SPARK SOURCE MASS SPEC 

414A, 414D 
00950;00951 414C 

41 4B BOOK 5 

17. HARDNESS 
A. EDTA TITRATION D 1126-678 00900 3098 BOOK 5 
B. CALCULATION 309 BOOK 5 

18. HYDROGEN SULFIDE 
A. TITRIMETRIC ( IODINE) 3.10.1 00746 4281) BOOK 5 
B. COLORIMETRIC (METHY LENE BLUE) 3.10.2 428C 
C* LAUTH'S VIOLET COLORIMETRIC 

19, IODINE 
A. TITRIMETRIC (FOR BROMIDE ALSO) D 1246-77C 3.16 71 865 BOOK 5 
B. COLORIMETRIC (ARSENIOUS-CERIC- 41 5B 

C. LEUCO CRYSTAL VIOLET METHOD 41 5A 
D. COLORIMETRIC (ARSENIOUS-CERI C) D 1246-77A BOOK 5 
E. PHOTOMETRIC 3.15 
F. IODINE ELECTRODE 

H. SPARK SOURCE MASS SPEC 
I. NEUTRON ACT1 VATION 

FERRIC THIOCYANATE) 

G. X-RAY FLUORESCENCE 

. 



1- I 

A P I  - - ASTM - 
20. IRON 

A. COLORIMETRIC-PHENANTHROL I NE D 1068-77A 
B. AA D 2576-70F 

D 1068-77C 
C. AA-MIBK EXTRACTION 
D. FLAME EMISSION 
E. X-RAY FLUORESCENCE 
F. I C P  
G. SPARK SOURCE MASS SPEC 
H. NEUTRON ACTIVATION 
I. EMISSION SPEC. 

EPA - 

01 045 

APHA 

31 OA 
301 -A- I I 

301 - A - I  I I 

ESGS 

BOOK 5 

21. LEAD - 
A. ATOMIC ABSORPTION-DIRECT D 2576-70 

- D 3559-77A n 
00 B. AA-MIEK EXTRACTION 

c. I C P  
D. SPARK SOURCE MASS SPEC 
E. EMISSION SPEC 

01 051 301 -A- I I 

301-A- I11  BOOK 5 

22. LITHIUM 
A. ATOMIC ABSORPTION-DIRECT D 3561-77 
B. FLAME EMISSION 
C. ION-EXCHANGE CHROMATOGRAPHY 
D. SPARK SOURCE MASS SPEC 
E. EMISSION SPEC 

BOOK 5 



ESGS - APHA - EPA - AP I - ASTM - 
23. MAGNESIUM 

A. EDTA TITRIMETRIC 
B. AA-DIRECT 

D 511-768 2.4 31 3C BOOK 5 
D 2576-70 
D 511-76C 00927 3 0 1 - A - I 1  BOOK 5 

c. I C P  
D. SPARK SOURCE MASS SPEC 
E. NEUTRON ACTIVATION 
F. EMISSION SPEC 

24. MANGANESE 
A. AA-DIRECT 

B. AA-MIBK EXTRACTION 

D 2576-70 
D 858-778 
D 858-77C 

BOOK 5 

'BOOK 5 

01 055 129 

Ci X-RAY FLUORESCENCE 
D. I C P  

7 E. SPARK SOURCE MASS SPEC 
ro F. NEUTRON ACTIVATION 

G. EMISSION SPEC 

25. MERCURY 
A. COLD VAPOR AA D 3223-73 
B. X-RAY FLUORESCENCE 
C. NEUTRON ACTIVATION 

71 900 301 A 

D. EMISSION SPEC 

26. pH 
A. pH METER D 1293-65 2.1 00400 424 BOOK 5 

. 



AP I - EPA APHA ESGS - ASTM - 
27. PHOSPHATE 

A. COLORIMETRIC (STANNOUS CHLORIDE) 425E 
B. COLORIMETRIC (ASCORBIC D 515-72A 3.9 70507 425F  BOOK 5 

C. MOLYBDOPHOSPHORIC ACID SPECTRO 
ACID REDUCTION) 

METHOD (MODIFIED) 
D. X-RAY FLUORESCENCE 
E. ICP 
F. SPARK SOURCE MASS SPEC 

BOOK 5 D 3561-77 00937 

28. POTASSIUM 
A. POTASSIUM ELECTRODE 
B. AA-DIRECT 

D. X-RAY FLUORESCENCE 
E. I C P  
F. ION-EXCHANGE 
G. SPARK SOURCE MASS SPEC 
H. NEUTRON ACTIVATION 
I. EMISSION SPEC 

7 C. FLAME EMISSION w 
0 

29. RADIOACTIVE ISOTOPES 
A. GENERAL GAMMA SPECTROMETRY 
B. LEAD-210 ISOTOPE 
C. RADON-226 (EMMANATION) D 3454-75T 
D. RADON-226 (PRECIPITATE/MOUNT) 
E. THORIUM 
F. URANIUM 

705  



ASTM AP I - EPA - APHA ESGS 

30. RUBIDIUM 
A. AA-DIRECT 
B. FLAME EMISSION 
C. SPARK SOURCE MASS SPEC 
D. NEUTRON ACTIVATION 
E. EMISSION SPEC 

Q1077 301 A 
301 A 

BOOK 5 

BOOK 5 

31 S I L I C A  
D 859-68A 426A 

426C 
A. GRAVIMETRIC B. COLORIMETRIC (HETEROPOLY BLUE) D 859-688,C 00955 
C. COLORIMETRIC (MOLYBDOSILICATE) D 859-68B,C 00955 * 426B 
D. AA-DIRECT 301 A 

w E. FLAME EMISSION 
F. I C P  
G. SPARK SOURCE MASS SPEC 
H. EMISSION SPEC 

7 - l  

w 

32. SILVER 
A. AA-DIRECT 
B. AA-APDC/MIBK EXTRACTION 
c. I C P  
D. SPARK SOURCE MASS SPEC 
E. NEUTRON ACT1 VATION 
F. EMISSION SPEC 

s 

BOOK 5 
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33. SODIUM 
ASTM - AP I - EPA - APHA - ESGS - 

A. AA-DIRECT D 3561-77 00929 BOOK 5 

C. FLAME EMISSION 
D. I C P  , 
E. ION EXCHANGE 
F. SPARK SOURCE'MASS SPEC 
G. NEUTRON ACTIVATION 
H. EMISSION SPEC 

B. SODIUM ELECTRODE D 2791-77A 

34. STRONTIUM 

A. AA-DIRECT D 3354-74 BOOK 5 
B. FLAME EMISSION 
C. X-RAY FLUORESCENCE 
D. I C P  
E. SPARK SOURCE MASS SPEC 
F. NEUTRON ACTIVATION 
G. EMISSION SPEC - 

35. SULFATE 

.. 

2.71 00945 427A, B A. GRAVIMETRIC D 516-68A 

C. 

D. FLAME EMISSION-INDIRECT 

B. TURBIDIMETRIC D 516-68B 2.72 00945 427C 
ATOM1 C ABSORPTION- I N D I  RECT 

(WITH BARIUM CHLORIDE) 

(WITH BARIUM CHLORIDE) 
E. ION EXCHANGE 



APHA ESGS 

A. TITRIMETRIC (IODINE) 3.10.1 00746 BOOK 5 
B . ANTIMONY TEST (QUALITATIVE) 428 
C. COLORIMETRIC (METHYLENE BLUE) 3.10.2 428C 
D. SULFIDE ELECTRODE 

F. SPARK SOURCE MASS SPEC 
G . NEUTRON ACTI VATION 

- EPA - AP I - ASTM 
36. SULFIDE 

E . X-RAY FLUORESCENCE 

37. SUSPENDED SOLIDS 
A. GRAVIMETRIC D 1888-67A 00530 308D BOOK 5 

38. TOTAL DISSOLVED SOLIDS - TDS 
A. GRAVIMETRIC D 1888-67A 70300 2088, C BOOK 5 

"rl 

c.' 

39. TURBIDITY 
A. ABSORPTOMETRI C 
B. VISUAL MATCHING 
C. NEPHELOMETRIC D 1889-71 

21 4B 
00076 21 4 BOOK 5 

40. - ZINC 
BOOK 5 A. ATOMIC ABSORPTION-DIRECT D 2576-70 01 092 301 A 

B. AA-APDC&ANBK EXTRACTION 301 A 
c. ICP 
D. SPARK SOURCE MASS SPEC 
E. NEUTRON ACTI VATION 
F. EMISSION SPEC 



ABBREV I AT1 ON 

ASTM 

AP I 

EPA 

APHA 

USGS 

USGS/WR I 

1. 

2. 

3. 

4. 

5. 

6. 

REFERENCES 

1977 Annual Book o f  ASTM Standards, Par t  31, Water, 
American Society f o r  Testing and Mater ia ls,  Phi ladelphia, 
PA (1976). 

A P I  Recommended Pract ice fo r  Analysis o f  O i l  F i e l d  
Water, American Petroleum I n s t i t u t e ,  Dallas, Texas (1968). I ’  

h 

! ’  
Methods f o r  Chemical Analysis o f  Water and Wastes, 
Environmental Protect ion Agency, Environmental Monitor ing 
and Support Laboratory, Cinc innat i ,  Ohio (1976). * I  

Ls 

Standard Methods f o r  the Examination of Water and 
Wastewater, 14ed., American Publ ic Health Associat ion, 
Washington, D.C. (1975). L 
Brown, Eugene, M. W. Skongstad, M. J. Fishman, Methods 
f o r  Co l lec t ion  and Analysis of Water Samples for  Dissolved 
Gases, Book 5, Chapter A l ,  United States Geological Survey, 
Washington, D.C. (1974). 

Presser, T. S. and I. Barnes, Special Techniques f o r  
Determining Chemical Propert ies o f  Geothermal Water, 
WRI-22-74, United States Geological Survey, Menlo Park, - - -  
Ca l i f o rn ia  (1974). 

F. 14 

L 
L 
L 
c 
L L 


	SUMMARY l
	ACKNOWLEDGMENTS
	1 INTRODUCTION
	2 UNIFORM APPROACH TO SAMPLING AND ANALYSIS
	3 CONCLUSIONS AND RECOMMENDATIONS l
	SAMPLING SYSTEM
	ANALYTICAL APPROACH l

	4 GEOTHERMAL SAMPLING SYSTEM l
	SYSTEM COMPONENTS l
	DIFFICULT SAMPLING SITUATIONS l
	ALTERNATIVE SAMPLING SYSTEMS

	5 SAMPLE STABILIZATION l
	6 ANALYTICAL SYSTEM l
	ANALYTICAL TECHNIQUES l
	DATA QUALITY CHECK l

	7 ALTERNATIVE ANALYTICAL TECHNIQUES (ROUND ROBIN)
	8 REFERENCES
	1 Flowchart for Sampling Analysis
	Geothermal Liquid Sampling Double Coil Assembly
	Sampling Probe l
	Two-Phase Mode Versus F1 ow Vel oci ty
	Flow Rate l l

	Effect of Separation Temperature on Free NCG Composition
	Flask Sampler l

	Single Sparge Bottle Efficiency l
	Preservation
	Saline Solutions when Mercury Concentrations are Quantified

	Bas04 Solubility Versus Ionic Strength; 25°C NaCl Solutions
	Geothermal Water Raft River Idaho Case Study
	Percent Coefficient of Variation l
	Methods Discarded as Described in Text
	"Deviant8' Methods Discarded as Described in Text l l
	Sources of Fluid Composition Variation and Mi tigating Actions
	Coil Deposition Study
	Comparison of HNO3 and HC1 as Acid Stabilizers
	Equivalence of Two Ammonia Collection Practices
	Constituents Based on Round-Robin Results
	Recommended Interpretation for Table 5 l
	Abbreviation Code for Analytical Methods
	Amnonia Stability l


