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ABSTRACT

Chemical and isotopic analyses of geothermal water
samples must meet certain levels of accuracy and
reliability to be useful for identifying geochemical
processes in hydrothermal systems. Quality controf
is largely a concern for the analytical laboratory, but
the geochemist or reservoir engineer using the
chemical data must also be concerned with analyti-
cal quality. To test accuracy and reliability of analy-
ses available from laboratories, splits of seven water
samples were sent to four stable-isotope laborato-
ries, and splits of five water samples were sent to
four chemical laboratories. The analyses of each

sample were compared among laboratories, and the
differences in analyses were evaluated using criteria -
developed for this comparison. {sotopic composi-
tions were considered reliable if they deviated from
mean values by less than 2%. for hydrogen and by
less than 0.15%. for oxygen. Concentrations of each
chemical component were considered reliable if they
differed from mean values by less than 10%. Chem-
ical analyses were examined for internal consistency
by calculating the error in ionic charge balance and
the error between ionic charge and electrical con-
ductivity. To be considered internally consistent,
chemical analyses must have less than 5% error in
charge balance and less than 10% error in conduc-
tivity balance. Three isotope laboratories gave con-
sistent compositions of all samples. No chemical
laboratory gave consistent analyses of all samples.
Recommendations are made that provide the user of
isotopic and chemical data with the ability to better
evaluate the quality of analyses.

INTRODUCTION

The examination and interpretation of geochemica!
data can provide powerful tools for characterizing
newly discovered geothermal systems and for moni-
- toring the production and injection of developed
geothermal reservoirs. Chemical analyses have long
been used to estimate subsurface temperatures, and
computer simulations of multiple geochemical equi-
libria provide the means for predicting scaling and
corrosion, for estimating loss of reservoir permeabili-
ty from mineral precipitation, and for detecting break-
through of injected water. Isotopic analyses may
provide qualitative indications of source areas and
volumes for recharge to hydrothermal systems and
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are used to calculate additional estimates of reser-
voir temperatures. Isotopic analyses have also been
used to determine the contribution of injected water
to the total fluid produced from developed geot_her—
mal fields. Increasing sophistication of geochgmical
modeling programs now possible on larger comput-
ers makes it imperative to question the quality ;of
isotopic and chemical data. More complex geo-
chemical calculations are not meaningful if the accu-
racy and precision of the analytical data used.in
those calculations are questionable.

It is common in studies of aqueous geochengtry to
assume that chemical analyses report concenfrations
that are within £10% of the actual concentrangn of
any constituent. it is worth noting the limitatio,‘f‘\s that
a 10% error places on the most common geoqhemi-
cal calculations, the chemical geothermometers. For
a reservoir temperature of 275°C, a 10% errorin
silica or sodium concentration will change the“calcu-
lated temperature by about 10°C; and, for a reservoir
temperature of 85°C, a 10% error in silica or slodlum
will change the temperature by 3 to 4°C. in order to
evaluate the validity of this often-assumed err;or limit
and to determine the reliability of isotopic data. a test
was conducted to compare analyses from several
laboratories which analyze geothermal water sam-
ples on a routine basis. :

Many mter—laboratory comparisons have been con-
ducted in the past, and two recent oompansons dealt
with hydrothermal waters. Ellis (1976) sent seven
waters to 48 laboratories in 18 countries, andf!he
concluded “the standard of water analysis fori many
common constituents still leaves much to be de-
sired.” Giggenbach and others (1986) sent three
waters to 22 faboratories in 19 countries, and\lthey
concluded "that there is ample room for i improve-
ment.” Due to the large number of laboratories used
in both of these previous studies, extensive s’atnsu-
cal analysis of reported concentrations was possnble
in both reports, concentrations of several chemlcal
constituents varied by more 2han 10% from the
mean value.

Many geothermal researchers performing geochemu-
cal calculations depend on analyses of sampggs
collected and analyzed by others. This report first
discusses methods used to evaluate reported analy-

ses, and then makes suggeshons for collecbon and
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analysis of new samples. As more geothermal re- .
searchers develop and apply geochemical tools to
interpret reservoir conditions, it is expected that
many will want more control over the collectlon and
analyses of samples

EVALUATION CRITERIA

Isotopic compositions for hydrogen and oxygen are
reported as the difference (3) between the ratio of
isotopes in a sample and the ratio in the standard
(equation 1):

Fl(samgle) - R(standard) ,a
g R(standard) 10

where R=% or R=3

All ratios (R) are of the heavier isotope to the lighter
isotope. This small difference in ratios is reported in
per mil (%.) relative to V-SMOW (Vienna standard
mean ocean water, Gonfiantini, 1978). Isotopic
compositions of geothermal fluids vary widely, and
individual analyses contain little intrinsic information
that can be used to check their validity. To evaluate
the isotopic analysis of an aqueous fluid sample
(water or steam), both hydrogen and oxygen isotopic
ratios must be determined. Isotopic compositions for
water samples can easily be plotted against the
global meteoric water line (Craig, 1961) to rapidly
identify unusual analyses. The meteoric water line,
derived from values for precipitation (rain and snow),
rivers, and lakes world wide, is represented by the
following expression (2):

2] 50 8 (80) + 10

where §D and §'°0 are the differences calculated
from equation 1. Geothermal water samples usually
plot at some distance to the right of the meteoric
water line, depending on the amount of oxygen-iso-
tope exchange that has occurred at high tempera-
ture between the water and rocks (which typically
have more '®0). There is limited possibility for hy- -
drogen-isotope exchange in hydrothermal systems,
and the hydrogen isotopic composition of a fluid
sample is usually very close to that of the meteoric
water which recharges the system. Fluid samples
plotting to the left of the meteoric water line are rare
and may be suspect.

The evaluation of a chemical analysis depends on
the degree to which the analysis reflects the com-
plete composition of the water sample. Many re- -

ports include only partial analyses used for'a specific -

purpose, and the quality of partial analyses can
rarely be evaluated. Chemical analyses can best be
evaluated if they include the field measurement of
pH, a complete suite of the major ions (Ui, Na, K,
Ca, Mg, F, Cl, SO,, and HCO,), and the laboratory
measurements of pH and conductivity. The chemi-
cal species of considerable geothermal interest = -
(Si0,, B, and Fe) should be added to the basic anal-
yses. From the concentrations of the major ions, it
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is possible to calculate charge balance and conduc-
tivity balance of the sample. “‘

" Some general relations are common in geothermal

water samples. The concentrations of the cationis

usually foliow a trend with Na > K > Li and Ca >'l Mg.
Among- samples from a single system, SiO, increas-
es with increasing temperature. The occurrencellof

other major ions in the analysis, such as phosphate
or nitrate, is normally an indication of contamination
from surface water. l

A few simple calculations were used to determin'l‘e
the reliability of the chemical analyses performed for

- this inter-laboratory comparison. The ionic species

were expressed as equivalent concentrations fro'm

the following calculation (equation 3)
T
{concentration) (ionic charge)
molecular weight !

[38] Equiv. Conc. =

where molecular weight is in grams/mole, concentra—
tion is in mllllgrams per liter (mg/l), and equlvalent
concentration is in milliequivalents per liter (meq/L)
Using equivalent concentrations of the ions, the error
in charge balance was calculated from the absolute
difference between the sums of cations and of ah-
ions divided by the average of the total cations and

anions (equation 4): ll

200 {3 Cations - ¥ Anions] '
(XCations + YAnions) :l

[4] Error (%) =

The water can have no net electrical charge, S0 Ian
error greater than 5% in the ionic charge balance is
indicative of a problem and the analysis should Qe
repeated. This limit is based on the experience of
the authors, and there must be a compromise be—
tween a restrictive limit that few samples would pass
and a permlsswe limit that would ignore a signifi cant
error in a major ion. ‘

1
if the electrical conductivity of a water is measurelfd,
a comparison can be made between the ionic |
charge and the electrical conductivity (referred tol
here as the conductivity balance). The calculatloln of
error is based on an empirical relation for the con-
ductivity of sodium chloride solutions at 25°C. Dlt-
ferent tons in solution act to increase or. decrease
the conductivity from that of sodium chloride, but! the
refation holds well for many natural-waters (Hem
1970, p. 235). The error in conductivity balance was
caiculated using the following expression (5): |

Y
o 100 |conductivity - (100 ¥ Cations){
[5] Error (%) = conductivity Lo

where the conductivity is in standard units of micro- "

“siemens per centimeter (1S/cm), and the sum of [

equivalent concentrations of cations (or anions) is
first multiplied by 100. The error in electrical con‘~ :
uuctlvuty balance should be less than 10% for elmer -
anions or cations. I o

4
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Errors in charge balance of more than 5% or in
conductivity balance of more than 10% usually resuit
from three main sources: 1) an important ion was
not analyzed, 2) a mistake was made in an analysis
of a major ion, and 3) a decimal point was mis-
placed. If the conductivity balance error is low for
cations and high for anions, the anion analyses are
the likely source of error. - Calculations of error in
charge balance and in conductivity balance only
consider the ionic species. Some waters with high
concentrations of unusual ions may repeatedly fail
these tests. Friedman and Erdmann (1982) describe
the quality assurance program of the USGS National
Water Quality Laboratory and give further discussion
of ways to identify analytical errors.

If the same water samples were analyzed by several
laboratories, the concentrations of each constituent
may be compared among laboratories by calculation
of the means and deviations from the means. If the
concentrations from one laboratory are significantly
different (greater than 15%) than those from other
laboratories, the anomalous concentrations are sus-
pect. Geochemical calculations made in the exami-
nation of a geothermal water are only valid if the
constituent concentrations used in the calculations
are from one analysis at a time. Many geothermal
researchers have averaged concentrations of a con-
stituent (such as silica) from several different sam-
ples and suggested that calculations using these
averages are more significant in evaluating reservoir
conditions. By using averages, these researchers
have actually ignored the possible errors in individual
analyses and have presented a concentration that is
not directly related to the reservoir or to the condi-
tions during sample collection or analysis.

ISOTOPIC ANALYSES

Sample Collection

Based on the discussion above, several procedures
are available to judge the reliability of geochemical
data received from a laboratory. Evaluation of re-
ported analyses is limited to calcufations and com-
parisons that examine internal consistency. Much
greater control of analytical quality is available if new
samples are submitted for analysis. In submitting
new samples, there is the possibility for interaction
between the collector and the analyst that may result
in more meaningful analyses. Water samples for
isotopic analysis should be collected and shipped in
60-mi glass bottles with air-tight (polyseal) caps, and
every effort should be made to prevent evaporation.
This volume of sample will allow repeat analyses if
necessary. If an error is suspected in sample prepa-
ration or in mass spectrometric analysis, the analyst
should attempt to measure a duplicate preparation.

Suggestions for Isotopic Analyses

It is not cost effective for most researchers to re-
quest isotopic analyses from more than one labora-
tory, so the laboratory to be used should be chosen
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carefully. Most stable-isotope laboratories wul have
a quality control manual, and a copy of the manual
shouid be requested when a laboratory is be‘lﬁmg .
considered for analytical work. Requests for, { isotopic
analyses should include differently labeled duphcates
of about 10% of the samples to provide an nternal
check of analytical consistency. It is useful o resub-
mit a water sample that has been analyzed Pr iso-
topic ratios at some previous time and to co‘hpare
the results. The USGS Water Resources Division
isotope laboratory (Reston, VA) routinely divides
incoming waters into two samples, and each‘ls ana-
lyzed on a different day to identify any |nstrumental
or procedural errors. This procedure of demg
samples is not common to all laboratories, and dupli-
cate samples submitted at different times wullwl provide
a check on time dependent errors. itis reasonable
to request the isotope values obtained for the stan-
dards used to calibrate the analyses of a set of your
samples as well as the established values for those
standards. This request becomes more |mportant if
a laboratory is used repeatedily with the same stan-

dards. H‘

Analytical Methods L‘

All isotopic ratios were determined by mass ‘}spec-
trometry, but equipment and analytical meth”ods
differed among laboratories. The standard methods
used to exchange oxygen isotopes of water/wnh
carbon dioxide, to separate and measure the carbon
dioxide isotopic composition, and to calculatp the
composition of the water are described by E;asteln
and Mayeda (1953). Two different methods\‘were
used to prepare hydrogen from water samples for
isotopic analysis. The older method involves conver-
sion of water to hydrogen gas through reacton with
uranium metal at temperatures from 400 to ;700"0
(Bigeleisen and others, 1952). More recenﬂy many
laboratories have used zinc shot to oonvert{water to
hydrogen gas, and Tanweer and others (1988) sug-
gested zinc reaction at temperatures over 44 0°C and |
a ten-fold excess of zinc over the stoichiom ;tnc
amount required. Only the USGS Geologic |Division
isotope laboratory (Menlo Park, CA) used th e older
uranium method. The USGS Water Resourfes
Division isotope laboratory (Reston, VA) now uses
the Japanese Hokko (trademark) beads (3°/ plati-
num) to equilibrate isotopes between water and
hydrogen, but this method was not used forManaIyses
in this report. 1

I
Test Results H

i i

Splits of seven water samples were sent to Ithree
isotope laboratories within the USGS and toa labo-
ratory which preforms commercial analyses”\ Inter-
laboratory comparison of isotope composmcgns of
hydrogen and oxygen in each sample was Ilmlted to
calculation of the deviation from the mean of the
measurements. The limited number of analyses did
not warrant further statistical calculations. Is'otope
compositions determined by the various laboratones

are generally very similar. Significant dlfferences

f
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exist in the age of the mass spectrometers and in
the methods of sample preparation. Based on the
limits of reproducibility, analyses were considered
anomalous if the measurements deviated from the
mean value by more than 2%, for hydrogen or by
more than 0.15%. for oxygen. The USGS Geologic
Division laboratory (Menlo Park, CA) has the oldest
mass spectrometer of the laboratories in this com-
parison, and analyses slightly exceeded our accept-
able error limits on two hydrogen isotope measure-

ments and three oxygen isotope measurements.
The remaining analyses were within acceptable lim-
ts.

CHEMICAL ANALYSES

Sample Collection

At the time ot collection, the temperature and pH
should be measured, and the total alkalinity of the-
water determined by titration with 0.05N sutfuric acid
to the inflection point of the titration curve (Bamnes,
1964). Most chemical species should be preserved
during collection to stabilize concentrations for later
analysis in the laboratory. Water samples should be
prepared for laboratory analysis as follows: 1) for
anion analysis, a portion of the water should be
filtered through 0.45-um pore size membrane filter to
remove particles and biological material, and 2) a
portion of the water should be filtered and acidified
to pH 2 with concentrated, high-purity hydrochloric
acid to stabilize the cations, particularly magnesium,
calcium, and iron, by preventing precipitation of car-
bonates, sulfates, or hydroxides. Samples should be
shipped in 500-ml polypropylene botties with tightly
fitting caps. Blanks of distilled, deionized water,
should be treated in the field with the same proce-
dures and preservatives as the samples to test for
contamination in sampling and processing.

Suggestions for Chemical Analyses

As suggested for isotopic analyses, sets of samples
submitted for chemical analyses should include dif-
ferently identified (blind) duplicates of some samples
to provide an internal check of analytical consisten-
cy. Itis also useful to resubmit water samples that
have been analyzed at some previous time and to
compare the results. Duplicates of some water
samples can be spiked with known additions of spe-
cific ions to test the analytical ability of a laboratory
to determine the increase in concentration.

Analytical Methods

The chemical laboratories chosen for this compari-
son used different methods for preparation and anal-
ysis of the samples. Each laboratory used similar -
methods for chloride (Mohr - argentometric. titration),
fluoride (ion-selective electrode), alkalinity {acid .
titration), and conductivity (electrical cell) analysis. :
The atomic absorption method was used to deter-
mine cation concentrations (Na, K, Li, Ca, Mg, Fe)
by three laboratories; but one used inductively--

. suggests instrumental or procedural errors.
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coupled argon plasma (ICP) spectrophotometry‘.‘w
Silica concentration was determined by the ‘i
molybdate-blue method in two laboratories or by icp
in two laboratories. Three laboratories determined
boron by ICP (one also checked the boron wuth“
vis-UV), but one lab used the dianthrimide method.

Sulfate-was determined gravimetrically by two- Iﬁbo-
ratories, one used a turbidimetric titration, and one
used ion chromatography. Each analytical method
has a concentration range for optimum measure-
ment. As the lower limit of detection is approached
the percent error could become very large. To ’prop-
erly evaluate the analyses, laboratories must report
their limits of detection for each chemical specues

'1

Test Results

One USGS Laboratory and three commercial lab-
oratories were selected for this analytical compenson
because they performed many analyses on geqther-
mal water samples. This inter-laboratory companson
produced some interesting and surprising results
Correspondence among the chemical analyses|of
the five water samples was worse than expected
None of the four laboratories provided completely
acceptable analyses of all samples, and one Iabora—
tory reported scgnlflcantly anomalous ooncentratlons
of major solutes in all five samples. We oonclude
that it would be poor judgment to rely on chemucal
analyses from only one laboratory without a thor-
ough understanding of the quality assurance proce-
dures of that laboratory. From calculations of ct\arge
balance and conductivity balance, many of the worst
analyses were easily identified, and repeat analﬂ;ses
could be requested. These calculations should \:have
been performed routinely by the analytical laborato-
ries to avoid reporting obvious errors. The concen-
trations of lithium, magnesium, iron, fluoride, art"d
sulfate in some samples were below the limits of
detection for the analytical methods used. One“ :
laboratory did not report an acceptable value tor
chloride in any of the five samples (three were fow
and two were high), and, as a result, calculated}
errors in charge balance and conductivity balance '
were also unacceptably high. This difficulty with all
of the chloride concentrations reported, strongl)'(‘]
It must
be remembered that we are comparing the values
reported by individual labs against the average’of
selected values. With the exception of silica, wmh_ere g
ICP gives higher concentrations than molybdate :
blue, the use of different analytical methods does not
seem to be responsnble for the mter Iaboratory dlffer-
ences. . P
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, Guide to Water Sampling

Introduction ;
i

The stability of natural water with respect to dissolved species has been the source of many

publications and much study. No one method of sampling or sample handling is ideal for all types -

of water or analytical schemes. This guide is written with a two-fold purpose: one is to give a
general understanding of the problems involved in collecting and preserving water samples; the
second is to specify the treatment of samples necessary for analysis by the Earth Science
Laboratory. Because of our instrument capability (an Inductively Coupled Plasma Emission

Spectrograph with a 37 element array), our requirements are somewhat different from laboratories .

with only atomic absorption and UV-visible spectrophotometers. :

Many factors affect sdlubility. Perhaps the two most important factors influencing gas
- solubility are temperature and pressure. Since it is difficult to maintain either of these conditions
after the samples are collected, it is imperative to analyze for dissolved gasses at the time of
collection. Mineral solubilities are affected priinarily by pH, temperature, and concentrations of
other dissolved species. Some of the dissolved elements and ions can be stabilized after filtration.
The addition of acid is commonly used to prevent precipitation of sulfate and metals.

Collection and Sample Preservation

Cleanliness of equipment and storage bottles is very important. In the field, equipment that -

must be reused should be rinsed immediately after use with demineralized or distilled water. If -
sample water dries on the equipment or containers, they must be acid washed prior to reuse.
Sample bottles (polyethylene or polypropylene) must be soaked for at least 2 hours, preferably -
overnight, in 20% HNO; then rinsed 3 times with demineralized water. After drammg (dry or
nearly dry), bottles should be capped tightly to prevent recontamination. This procedure must be
followed for new as well as reused bottles. Polyseal caps, which provide a gocpd airtight seal,
cannot be soaked in acid but should be washed briefly in an acid bath and immediately rinsed
several times with demineralized water. Polyseal caps should not be used for a;,cidiﬁed' samples
because Ca contamination may occur. Molded polypropylene caps may be used if they give an
airtight seal; this can be checked by capping an empty bottle and squeezing to check for a1r leakage.
Polypropylene caps should be cleaned in the same manner as bottles. Contamination, partlcularly
with Na, K, Ca or trace metals may occur if this procedure is not followed. Contamination may . .
result as well if any sample collection or handling equipment is made of metal. ’ .




It should be decided prior to sample collection what analyses are needed. If these analyses
include some which must be done immediately, field procedures or test kits should be acquixed ,
These should always be tried in a laboratory prior to field use. Hach Chemical Co., Ames, Jowa
makes a number of field kits, most of which are adequate. However, it is WII‘SC to try all kits or
- procedures on accurately prepared standards or known water samples. The c:xpected range of
sample concentrations should be tested. As an example, the Hach alkalinity test kit gives
instructions for two ranges. The kit instructions do not give an alkalinity figure at whicﬁ;l the low-
range test should be used. Assuming a possible error of one drop, it becomes apparent that a 10%
error (1 grain/gallon) is likely at 10 grains/gallon, with the error increasing as alkalinity dccreascs
To minimize this error the low range (15 ml) procedure should be used for 10 grams/gaﬁon or less.
A one-drop error is then reduced to 0.4 grains/gallon. It is also wise to check the accuracy of
volumes used in measuring devices. ’

If accurate temperature measurement is important, be certain the thermometer is accurate by
checking all thermometers in the laboratory. Even mercury thermometers are not necessé‘:ily
accurate. Do not use a "total immersion" thermometer for “partial immersion” application. If hot
waters are to be sampled, a maximum indicating thermometer is usually necessary. A di;gital
~ thermometer may be a good investment.

Accurate pH measurement is often difficult to obtain. An adequate understanding of your
pH meter requires reading the manufacturer’s instructions. A meter and electrode in good
condition should not change (need calibration adjustment) by more than a few hundredths of a pH
unit if checked over several days. Calibration should be done with 2 buffers. Nearly all meters
have a calibration adjustment and a slope adjustment. Always use pH 7 buffer to adjust tfle

. calibration knob. Slope adjustment is done with a second pH standard, usually pH 4 or 10
Notice the drift before a stable pH is reached with the buffer solution. This drift is usually more
lengthy in natural waters. The electrode should be rinsed with demineralized water and blotted dry
before immersing in the buffer. A hydrous silica layer on the glass sensing tip.is neccssa’fy for
proper operation and it can be damaged or destroyed by dry storage. Always ﬁll the electrode end
cap before putting it on the electrode. Water, KCl solution or pH 7 buffer may be used.

Filtration of water samples is normally done with 0.45 micron pore size filter. This may
be very difficult if the water contains a considerable volume of suspended solids. Prcﬁltrjc}tion with
a coarser filter (5 or 1 micron) may be necessary. Filtration can be done with either vacuum or
pressure. Vacuum filtration will usually degas the sample and may (especially 1f the sample is hot
or muddy) concentrate the dissolved minerals due to evaporation. Pressure filtration mayintroduce
O, or C0, from the air but is less likely to change the samplc composition apprcciably. Pressure




filtration is therefore recommended, especially for alkalinity determination. The simplc%j‘t apparatus
is large (50 to 100 cc) plastic syringe with a swinnex filter holder, available from most laboratory
supply houses. Larger plexiglass pressure filters can be machined or purchased. These can use a
valved rubber bulb, a tire pump, cylinder gas (N, or Ar) or a peristaltic pump for pressure.

Since there is some degree of uncertainty in all analytical procedures, it is a good practice to
submit an occasional blind duplicate sample (same sample with different nuraber or name
designation). This gives a good indication of the quality of analytical work you are getting. Field
procedures should also be repeated to test their repeatabi]_ity.




- Sampling Procedure - :

‘ Instruction

1. Assemble filtering apparatus, test
equipment, sampling container, storage
bottles, etc. Calibrate pH meter. If water is
pumped, allow time for the pump to flush
before sampling.

2. If possible, measure pH and temperature in
the spring, stream or other water source.

3. Fill sample collection container with water
sample, then discard. -

4. To remove particulate matter, filter
(pressure if possible) sufficient sample to fill
necessary sample bottles, filling and capping
bottles as quickly as possible. SAMPLES
MUST BE VISIBLY CLEAR; if not, check
filter membrane and apparatus. Unclear
samples must be refiltered prior to

acidification. The following splits should be :

taken depending upon the analyses required.
a) 30 ml (1 oz) acidified to 20% with

reagent grade HNO; for ICP analysis.

This includes 37 elements. See
appendix A. This is most easily done

by measuring the true volume of the
bottle in the lab and adding the
measured amount of acid to the clean
bottle. The bottle is then filled with
filtered water at the sample location -
full, but not overflowing. Use bottles
with polypropylene lids for acidified

samples to avoid calcium contamination

from black phenohc resin.

We strongly recommend the use of
variable volume dispenser bottles for

. acid-addition. This is fastand =~
repeatable. Please submit a sample of
‘the HNO; for blank determination (60
ml conc.). If acid in bottle is
discolored, discard.

Reason

Rapid handling and testing of water ;sample
equipment minimizes changes in composition.

Changes caused by sampling are avoided.

To prevent contamination (from preyious
sample or any foreign material which might
have gotten in the container) or dlluuon with
residual distilled water. ,

Acidification of unfiltered water may dlssolve
particulate material. This would change water
composition. Particulates also interfere with
analyses (ICP, S04, TDS).

This acid concentration has a two-fold
purpose. (1) Both major cations mcludmg
Si0; and trace metals remain in solutlon with
no apparent degradation of sample for a month

- ormore. (2) This matrix matches the matrix of

calibration solutions for the ICP and'is
necessary for accurate analysis.

I




b) 100 ml (4 oz) acidified to 1%
- with concentrated HCl. This
split is used for SO4 gga1y§i§.
Acid can be added to bottles in
the lab as done for split a. This
bottle is also filled full but not
overflowing with filtered H,0.

c) 500 ml (16 oz) filtered, if
possible, with no additive.
This split is used for TDS, Cl
Alkalinity, and F determina-
tions. _

This split may not be stable. If

possible, it should be kept close
to the temperature of the water
at its source and delivered to
ESL as soon as possible.

5. If isotope determination is required, a glass

bottle of unfiltered, untreated sample should be -

collected.

6. Collect additional sample for any field
analyses necessary, i.c., alkalinity (pressure
filtered only), dissolved O,, H5S, etc.
Alkalinity appears to be stable and can be done
in the lab; pH may change, affecting
carbonate/bicarbonate ratios.

These analyses should be done as quickly as
possible.

7. Rinse all equipment in demineralized H50.
A minimum of a squeeze bottle can be carried
to sample location.

8. Check to be sure field notes and sample
labels are accurate. Site location on
topographic map or areal photo is best. Be
sure acidified samples are labeled.

1% 'HCl prevents S04 precipitation. '

Any additives would interfere with analysis.

Since solubilities are affected by temperature
cold waters should be kept cold (an i xce chest)
but hot waters should not be refngcratcd

i
i

Filtering may reduce isotope fractmnanon
across thc paper.

Carbonate mineral particles may react with
alkalinity titration acid. (0, may be lost
during vacuum filtration.

Samples’ may degas very rapidly.

This prevents sample drying on equlpment
Dried water residue may contaminateithe next
sample. '




. ELEMENTS AND DETECTION LIMITS

ELEMENT

Na
K
Ca

APPENDIX A

CONCENTRATION (PPM)

0.49
0.61
0.18
0.16

10.025

- 0.61
0.52
0.125
0.625
0.013
0.31
1.25

b m o s .




" APPENDIXB .

POSSIBLE INFORMATION SUPPLIED BY GEOCHEMICAL FLUID STUDIES

i
v

Range in composition and homogeneity of hot fluids in ovcréll systenfm
 Subsurface temperatures and pressure. (
Type of system: vapor vs. liquid dominated.
Subsurface alteration associated with the fluids. | ‘
Origin of hot fluids, direction of fluid flow, turnover time of the ﬂuid; and permeability.
Mineral deposition potential of thé fluid (scaling problems likely to be encounte@).
Natural heat flow. ‘
Zones of upflow permeability.
Fluid constituents which could have economic value (metal recovery):

Feasibility of reinjecting the fluid back into the system to eliminate local thermal and
chemical pollution. :

XX g S8 <2EA-




- APPENDIX C
ACCURACY CHECK

L CALCULATE THE CATION - ANION BALANCE.
TOTAL CATIONS EQUALS TOTAL ANIONS IN MEQ/L

o - { {v
IL ASSUME THAT THE WATER DOES NOT CONTAIN UNDETERMINED SEECIES
WHICH CAN PARTICIPATE IN THE BALANCE, AND THAT THE FORMULA AND
CHARGE OF ALL ANIONS AND CATIONS ARE KNOWN. ‘

FOR MODERATE CONCENTRATIONS (250 - 1000 mg/1) ERROR =1 to 2%\ FOR
CONCENTRATIONS LESS THAN 250 OR GREATER THAN 1000 mg/l,
ERROR =2 to 10%.

III. COMPARE TDS (CALCULATED) WITH THE 'IDS (MEASURED) THEY SHOULD
AGREE TO WITHIN A FEW MG/L.

PRI
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Guide to Water Sampling

Introduction

The stability of natural water with respect to dissolved specie
the source of many pub]ications and much study. No one method of sa
sample handling is ideal for all types of water or analytical scheme

guide is written with a two-fold purpose: one is to-give a general

standing of the problems involved in collecting and preserving water

the second is to specify the treatment of samples necessary for anal
the Earth Science Laboratory. Because of our instrument capability
‘Inductively Coupled Plasma Emission Spectrograph with a 37 element a
requirements are somewhat different from laboratories with only atom

absorption and UV-visible spectrophotometers.

Many factors affect solubility. Pefhaps the two most important
influencing gas solubility are temperature and pressure. Since it i
difficult to maintain either of these conditions after the samples
collected, it is imperative to analyze for dissolved gasses at the t
collection. Mineral solubilities are affected primarily by pH, temp
and concentrations of other dissolved species. Some of the dissolve

and ions can be stab]ized after filtration. The addition of acid is

used to prevent precipitation of sulfate and metals.

!
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Collection and Sample Preservation f w

I
Cleanliness of equipment and storage bottles is very important. | In the

field, equié@ent that must be reused should be rinsed immediately af%er use

with demineralized or distilled water. If sample water dries on the’
equipment or containers, they must be acid washed prior to reuse. Sdmp]e
bottles (po]yethy]ene or polypropylene) must be soaked for at least 2 hours,

preferably overnight, in 20% HhO .then rinsed 3 times with dem1nera%1zed

water. After draining (dry or nearly dry), bottles should be capped t1ght1y

to prevent recontamination. This procedure must be followed for new‘as well

e |

Polyseal caps:)thCh provide a good airtight sealﬁ cannot

as reused bottles.\

be soaked in acid but should be washed briefly in an acid bath and immediate]y

caps may

I
be used if they give an airtight seal; th1s can be checked by capp1ng‘an empty

rinsed several times with dimineralized water. Molded polypropylene

bottle and squeezing to check for air leakage. Polypropylene caps shou]d be
‘ !

cleaned in the same manner as bottles. Contamination, particularly H1th Na,

K, Ca or trace metals may occur if this procedure is not followed.

Contamination may result as well if any sample collection or handling,
equipment is made of metal. \

I
i

It should be decided prior to sample collection what analyses are needed.
: )

If these analyses include some which must be done immediately, field ?
procedures or test kits should be acquired. These should always be t}ied in a

laboratory prior to field use. Hach Chemical Co., Ames, Iowa makes ainumber

of field kits, most of which are adequate. However, it is wise to try all

w\

kits or procedures on accurately prepared standards or known water samples

The expected range of sample concentrations should be tested.{ As an examp]e




)
the Hach alkalinity test kit gives instructions for tWo ranges. ‘The kit
instructions do not give an alkalinity figure at which the low-range tést
should be used. Assuming a possible error of one drop, it becomes app%rent
that a 10% error (1 grain/gallon) is likely at 10 grains/gallon, with éhe
error increasing as alkalinity decreases. To minimize this error the low

range (15 ml) procedure should be used for 10 grains/gallon or less. %
: ’ |
one-drop error is then reduced to 0.4 grains/ga]]on, It is also wise t

the accuracy of volumes used in measuring devices.

If accurate temperature measurement is important, be certain the
’ L
thermometer is accurate by checking all thermometers in the laboratory. Even

0
mercury thermometers are not necessarily accurate. Do not use a “total

imnersion" thermometer for “partial immersion" application. [f hot waters are
. b

to be sampled, a maximum indicating thermometer is usually necessary.;{A

digital thermometer may be a good investment. . ' w

Accurafe pH measurement is often difficult to obtain. An adequa?e
understanding of your pH meter requires reading the manufacturer's ,
instructions. A meter and electrode in good condition should not chaﬁge (need
calibration adjustment) by more than a few hundreths of a pH unit if éhecked
. over several days. Calibration should be done with 2 buffers; Near]¥ all
meters have a calibration adjustment and a slope adjustment. {Always use pH 7
buffer to adjust the calibration knob. Slope adjustment is dgne with a second
pH standard, usually pH 4 or 10. Notice the drift before a s%able pris
reached with the buffer solution. This drift is usually more lengthy!in
natural waters. The electrode should be rinsed with deminera}ized wa%er and

blotted dry before imnersing in the buffer. A hydrous silica?]ayer on the




glass sensing tip is necessary for proper operation and it can be da%aged or
;
destroyed by dry storage. Always fill the electrode end cap before putting it

on the electrode. Water, KC1 solution or pH 7 buffer may be used.

!

Filtration of water samples is normally done with 0.45 micron p&re size
filter. This may be very difficult if the water contains a consideréb]e
volume of suspended solids. Prefiltration with a coarser filter (5 or 1
micron):may be necessary. Fiitration can be done with either vacuumior
pressure. Vacuum filtration will usually degas the sample and may (éébecially
if the sample is hot or muddy) concentrate the dissolved minerals dué:to
evaporation. Pressure filtration may introduce O2 of CO2 from the air but
is less likely to change the sample composition appreciably. Pressur@
filtration is therefore recommended, especially for alkalinity determination.
The ;implest apparatus is a 1érge (50 to 100 cc) plastic syringe with a
swinnex filter holder, available from most laboratory supply houses. ' Larger
plexiglass pressure filters can be machined or purchased. These can Uée a
valved rubber bulb, a tire pump, cylinder gas (N,or Ar) or a peristaitic pump

2
for pressure.

Since there is som2 degree of uncertainty in all analytiéa] procédures,
it is a good pfactice to submit an occasional blind dup]icate‘sample tsame
sample with different number or name designation). This gives a gqood .
indication of the quality of analytical work you are getting. Field pro-

cedures should also be repeated to test their repeatability.




Sampling Proceduré :

Instruction

1. Assemble filtering apparatus, test
~equipment, sampling container, storage
bottles, etc. Calibrate pH meter. If
water is pumped, allow time for the

pump to flush before sampling.

2. If possible, measure pH and
temperature in the spring, stream or
- other water source.

3. Fill sample collection container
with water sample, then di$¢ard.

4. To remove particulate matter,

- filter (pressure if possible)
sufficient sample to fill necessary
sample bottles, filling & capping

bottles as quickly as possible. SAMPLES

MUST BE VISIBLY CLEAR; if not, check

. filter membrane and apparatus. Unclear
samples must be refiltered prior to
acidification. The following splits

.« should be taken depending upon the
~analyses required.

a) 60 ml (2 oz) acidified to 20%
with reagent grade HNO, for
ICP analysis. This 1nc?udes 37
elements. See appendix A. This
is most easily done by measur-
ing the true volume of the
bottle in the lab and adding
the measured amount of acid to
the clean bottle. The bottle
is then filled with filtered
water at the sample location -
full, but not overflowing.

We strongly recommend the use
of variable volume dispenser
bottles for acid addition.
This is fast & repeatable.
Please submit a sample of the
HNO, for blank determination
(60°m1 conc.). If acid in
bottle is discolored, discard.

!

Reason ¢

|
Rapid handling & testing of water sample
minimizes changes in compos1t1on.

Changes caused by sampling are| av01ded.

To prevent contamination (from“prev1ous

sample or any foreign material which might
have gotten in the container) or dilution
with residual distilled water‘g

Acidification of unfiltered water may
dissolve particulate material.|This would
change water composition. Part]culates also
interfere with analyses (1ce, 304, TDS).

This acid concentration has a two fold
purpose. (1) Both major cat1ons including S1O2
and trace metals remain in so]ut1on with no
apparent degradation of sample for a month or
more. (2) This matrix matches the matrix of
calibration solutions for the ICP and is
necessary for accurate ana]ys1s.
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b) 500 ml (8 oz) acidified to 1%
with concentrated HCL. This
split is used for SO :

analysis. Acid can be added to
bottles in the lab as done for
split’a. This bottle is also
filled full but not overflow-
ing with filtered HZO.

¢) 500 ml (8 oz) filtered with no
additive. This split is used
for TDS, C1, and F determina-
tions.

This split may not be stable.
If possible, it should be
kept close to the temperature
of the water at its source
and delivered to ESL as soon
as possible.

5. If isotope determination is
required, a glass bottle of unfiltered,
untreated sample should be collected.

6. Collect additional sample for any
field analyses necessary, i.e.,
alkalinity (pressure filtered only),
dissolved 02, H,S, etc.

These analyses should be done as
quickly as possible.

7. Rinse all equipment in
demineralized H,0. A minimum of a
squeeze bottle can be carried to sample
location.

8. Check to be sure field notes and
sample labels are accurate. Site
Tocation on topographic map or areal
photo is best. Be sure acidified
samples are labeled.

1% HCLprevents N} prec1p1tat10n and is
" useful for gravimetric determ1nat1on

Any additives would interfere with analysis.
|

Since solubilities are affected by
temperature, cold waters shou]d be kept cold
(an ice chest) but hot waters 'should not be
refrigerated.

’\: R
Filtering may reduce isotope fractionation
across the paper.

Carbonate mineral particles may react with

alkalinity titration acid. CO» may be lost
during vacuum filtration.

Samples may degas Very rapidly.

This prevents sample drying on equipment.
Dried water residue may contaminate the next
sample.
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APPENDIX A

ELEMENTS AND DETECTION LIMITS

ELEMENT

Na
K

Ca
Mg
Fe
Al
Si
Ti
P

Sr
Ba
v

Cr
Mn
Co
Ni
Cu
Mo
Pb
n
cd
Ag
Au
As
Sb
Bi
U

Te
Sn
W

Li
Be
B .
ir
La
Ce
Th

CONCENTRATION (PPM)

.25
.5
.25
.5
.025
.625
.25
.125
.625




APPENDIX B

POSSIBLE INFORMATION SUPPLIED BY GEOCHEMICAL FLUID STUDIES w

I Range in composition and homogeneity of hot fluids in ove%a]]
system. ' |
i
I
I1 Subsurface temperatures and pressure,

IIT  Type of system: vapor vs. liquid dominated. ”
v Subsurface alteration associated with the fluids. '

v Origin of hot fluids, direction of fluid flow, turnover time of the
fluid, and permeability. ‘”‘

VI Mineral deposition potential of the fluid (scaling prob]em% likely
to be encountered).

VIT  Natural heat flow. _ ”
Zones of upflow permeability. ”

Fluid constituents which could have economic value (metal HFcovery).
i
i

Feasibility of reinjecting the fluid back into the %ystem to
eliminate local thermal and chemical pollution. . h




APPENDIX C ) |

ACCURACY CHECKS

I. CALCULATE THE CATION - ANION BALANCE. !
TOTAL CATIONS EQUALS TOTAL ANIONS IN MEQ/ L

IT.,  ASSUME THAT THE WATER DOES NOT CONTAIN UNDETERMINE@ SPECIES
WHICH CAN PARTICIPATE IN THE BALANCE, AND THAT THEﬁFORMULA

\
AND CHARGE OF ALL ANIONS AND CATIONS ARE KNOWN.

i
FOR MODERATE CONCENTRATIONS (250 - 1000 mg/1) ERRO& =1 to 2%
I
FOR CONCENTRATIONS LESS THAN 250 OR GREATER THAN 1?00 mg/1,
ERROR = 2 to 10%. ]

i
i

I1I. COMPARE TDS (CALCULATED) WITH THE TDS (MEASURED), THEY
' I
SHOULD AGREE TO WITHIN A FEW MG/L. | i




