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li_iNTRODUCTION

Rockwell Hanford Operations (RHO) have compiled a hydrochemical

_?ﬁfdata base for the Hanford Site, with sample collection and analyses" e
3 'fstarting in 1977 and contlnuing until present. Studies utilizing the -
data base will be used to predict the ability of the repository to
isolate nuclear waste over periods of time specified in the NRC (10
CFR Part 60) and EPA (4i CFR Part 191) standards.

The Hanford hydrochemioal data base contains the data accumulated
for the Basalt VWaste Isolatiod Project (BWIP), and is divided into
three main-sections: 1) the “sample event information (i.e.,-‘--~w

identifying label of sample, location of sample, date of sample

field measurement resultS‘(i.e.{ conductivity, alkalinity, turbidity,
pH, redox potential and surface and in situ temperatures), and 3)
laboratory measurement results (i.e;, major, minor and trace inorganic
component concentrations, total carbon concentration, total organic |
carbon concentration (TOC), dissolved gases, stable isotope and
radioactive component concentrations).

The majority of the data was collected and analyzed by Rockwell
laboratories on samples collected by Rockwell personnel from 1977 to

1980. BVWIP began sample collection in 1980, and by the year 1982,
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collection, procedure for sample collection, and source of data), 2)



BWIP was operating its own laboratory. However, some constituents
(e.g., tritium) which require specialized equipment were analyzed by
. subcontractors (Graham, 1984). ‘In all; the data base is comprised of

. data contributed by sixteen different sources. These sources include

H"_the Basalt Waste Isolation Project, Rockwell Hanford Operations,ILS.

i Geological Survey, Lawrence Berkeley Laborator1es and Pacific

Northwest Laboratories. It is essential for BWIP to demonstrate that
- no additional uncertainty in the data base is introduced by the

numerous different laboratories thafdcontribufed to the project.

EVALUATION OF DATA BASE

Si# methods to test sample representativeness have been applied
to the data. Sample representativeness is a measure of how closely
the sample represents true formation groundwater conditions (Graham,
1984). BWIP will evaluate the integrity of thesggte;base based on
examination of 1) +the charge balance for each sample, 2) total .
cation concentration.versus specific conductance, 3) totel anion
concentration versus specific conductance, 4) comparison of duplicate
analyses; and 5) participation in interlaboratory analyses programs
(Early et al., 1985). '

Calculation of the charge balance determines how closely an
analyzed water sample achieves electrical neutrality. Since a water
sample must be neutral in charge, deviation from neutrality indicates
possible error ‘in analyses. Therefore, BWIP proposes to utilize
charge balance .as a measure of sample representativeness.

To determine the charge balance error between the observed total

cations and total anions (each measured in milliequivalents/L), the




following equation was employed{

Calcﬁlated Balance = cations - "~ anions
o ) x 100

cations + , anions

*

?*:;The charge balance error is expressed as a negative or positive

Cl { percentage. BWIP has tentatively adopted a maximum allowable'

e deviation of +5 percent as a criterion to screen analyses for use in

Lifljhydrochemlcal interpretation. The +5 percent criterion is an accepted -

Hb°eStandard for determining sample representatlveness. Although no

‘confidence limits can be applied to the +5 percent criterion, samples
that fall within the set limits are considered analytically acceptable
(Preeze and Cherry, 1979, page 97).

~The NRC suggests that a +5 percent error acceptance criterion is
too strict (SCR, March 1983, p. F-5). The NRC indicate that a +10
percent error-acceptance limit would be considered‘egtisfactory. The
+10 percent limit would allow the retention of useful data that the +5
percent limit would exclude from the study. The NRC suggests that the
total number of chemical analyses from the Grande Ronde is inadequate
end elimination of data unnecessarily due to overly strimgent
criterion is unwarranted.

The charge balance evaluation is based on major inorganic
species. The cations that BWIP studied include: K, Mg2+, ca2* and
Na+; whereas, the anions include: C1—, P, SO42’, NO3‘ and P043’.
Since the carbonate system must also be included in the total anion
concentration, BWIP utilized CaCO3 alkalinity field measurements to
quantify the carbonate anion concentrations of HCO3' and 0032‘.

Alkalinity is only an approximation for the carbonate concentrations.



It is defined as the capacity of water to accept protons and includes
both carbonate (HCO3’ and 0032’) and noncarbonate (H2BO3', H351047,

OH~, etc.) species. The H3Sio44 concentrations measured range from 2

e __to"6'0 mg/L and will have a definite ef-f‘ectwon' the charage balance

 calculation. Since there is no general agreement as to the precise

correction for noncarbénate alkalinity, the anion concentration

" calculated by BWIP is greater than the actual value. Since the

. carbonate concentration dominates the total anion concentration, an

©7". approximation for this value introduces uncertainty. It is difficult

to quantify the precise amount of uncertainty introduced because the
amount will vary from sample tq sample depending on pH and the -
concentration of noncarbénate species.

. Another problem that introduces potential error in the
determination of the charge balance calculation is the inclusion of
major inorganic concentrations (SO42', P043” and N03‘) that are ﬁot
accurately kn;wn; These unknowh, but detected concentration values
are represented in the data base as numerical values preceded by the
symbol "<" (Early et al., 1985). The detection 1limits of the ions
with unknown concentrations are fhen incorporated into the calculation '
of the total anion and total cation concentrations which results in
values greater than the actual value. In addition, it has been noted
that discrepancies occur in the total anion concentrations of the
samples as a result of incorporation of the anions N03', Br~, and
P043‘ in the summation. It has been observed that these anions are
included in the calculation when values are presented'in the data
base; the concentrations are included whether the concentration had
been analytically determined or just detected in the sample. However,

in many cases, concentration values do not appear and gaps are present
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in»thé data base. It is unclear why the analytical laboratories left
gaps in the data, unless sample analyses were not properly conducted
and could not be repeated; théréfore,xBWI? should clarify the:
N.pfesence of such gaps;f\ . i -

o The uncertainties which are present in BWIP's calculation of
total cation and total anién charge cﬁlculation (e.g., using an

7 approximation for the carbonate species in solution over-a wide range
ﬁii;of pﬁ,‘inclusion of inofganic speéies with unknown concentrafions, ﬁnd
gapé in the data) suggest that the uppér limit of +5 percent of
neutrality, rather than the +10 percent limit suggested by the NRC, be
kept. The present data base has been evaluated according to the +5
percent criterion set by BWIP (Early et al., 1985).

Based on the statistics of‘charge balance results, BWIP has
calculated that over 90 percent of the samples are within 15 percent
of neutrality (Barly et al., 1985). However, this statistic ;S_Pased
on the charge balance results for all water samples tested; this
includes unconfined aquifer, confined aquifer, precipitation, spring
and surface water samples. Analyses performed on the unconfined
aquifer, precipitation, spring and surface water samples are more
represeﬁtative of true formation conditions than those determined on
the confined aquifer (problems arise from drilling fluid
contamination, changes in temperature from in situ conditions to
surface conditions, degassing, changes in pH and Eh, etc.). Since
hydrochemical interpretation and long-range prediction depend on the
representativeness of data obtained from the confined aquifers, it is
recommended to evaluate the data base specifically in terms of the

confined aquifer. When these calculations are made, it is found, as



indicated by BWIP (Early et al., 1985), that only 11 percent of the
saﬁples have been eliminated from the data base due to a charge
bélance exceeding +5 percent of neutrality. However, it can be easily
"fférifiedﬂthat.charge balance cbhputafizns'were not calculated for all

.samples; only 360 of the 470 confined aquifer samples were tested

':i :ﬁsing the charge balance equation, and of the tested samples, 51

" acceptance limit.

jfailed to meet the +5 percent criterion set by BWIP. Therefore; only
85 percent of the analyses presented are within the +5 percent ’
In conclusion, the greatest source of uncertainty in calculation
bof the charge balance is the approximation made for the alkalinity
measurement which incorporates high concentrations of noncarbonate
species such as H3SiO4'. The concentrations incorporated into the
charge balance calculation due to inclusion of unknown, but detected
anion and cation concentrations are insignificant relative to the
carbonate contribution and will have little effect on the calculation.
However, the accumulation of such errors could be significant.

| Tﬁe samples that failed to meet the +5 pe;éeht”éfiterion probably
did so as a result of ﬁoor analyfical technique. Some anion analyses
are very complicated and error may be introduced (Jones, 1982).
Therefore, these samples should be excluded from further use in
characterizing the repository because they may lead to misleading
information concerning the solubility and sorption of key .
radionuclides.

In addition to the charge balance, BWIP utilized a comparison of

total cation concentration versus specific conductance and total anion
concentration versus specific conductance (Early et al., 1985). The

specific conductance of an aqueous solution is attributed to the



conductances of the individual cations -and anions in solution.

‘ Tﬁerefore, the conductance measurement provides an indication of the
éoncentration based on the rélationship:-

| C=AB

 -where.C is defined-as the_conductance; B is defined as the total

 concentration of dissolved solids in units of meq/L, and A is a

"~ conversion factor (Hem, 1971). Based on méthods published for the

"'j examination of water and wastewater (APHA, 1971){ BVIP suggests that

deviation from the relationship-may indicate which componént(s) are in
érror (Barly et al, 1985). It may also indicate faulty analysis of
specific conducténce.

Several problems are inherent in this type of test and the
results can not be regarded as more than an approximation because
specific conductance can not be quantitatively compared to the sum of
total anions and the sum of total cations individuelly. The sum of |
the anions usually deviates slightly from that of the cations and the
above value of B must be taken as an average of both sums (Matthess,
1982). Therefore, the specific :conductance can not be compared
exactly to the individual concentrations as indicated by BWIP (Early
et al., 1985). |

In addition, the relationship between specific conductance and
ionic concentration becomes more complicated as the solution becomes
less dilute. For example, for total dissolved solid (TDS)
concentrations (B = 3.0 to 10.0 meq/L). Matthess (1982) described the
following relationship:

C = B(95.5 - 5.54(1log B))

where C is defined as the specific conductance and B is the ionic




. precludes the use of a linear relationship.

_concéntration. As the relationship becomes more complex, the error
increases to more than 15 perceht. The TDS concentrations calculated
for‘the Hanford Site fall into'tbe 3.0 to 10.0 meq/L range which

Finally, the measurement of specific conductance is subject to

.. error due to temperatufe dependence. Conductivity exhibits an

': 7 approximately 2 percent increase for every one degree Celsius rise in

‘”&‘;ﬁemperature (Hem, 1971). The BWIP laboratory assumes a temperature of

'27352500 which may differ éignificgntly from field temperature and

radically from in situ temperature, thus introducing uncertainty.

| Based'on the spécific conductance versus total cation and total
. anion concentration comparisons, BWIP identified ten samples which
“were in error. The anomalous samples plotted outside the 95 percent
confidence 1limit boundaries set by BWIP (Early et al., 1985) on a
linear plof of specific conducténcé versus total cafion (meq/L) and
total anion (ﬂeq/L) concentrations at 25°C. It is recommended- that
these ten éamples be omitted from future studies due to possibdle
problems in analyses of concentrations and/or sample contamination.

Duplicate analyses were 2lso utilized to test sample

representativeness. Duplicate analyses were performed on nearly all
samples analyzed after 1980 (Early et al., 1985). BVIP computed the

deviation percent of duplicate samples using the following equation:

Deviation Percent = M1 - M2

M

x 100

where My is defined as the ionic concentration in the first duplicate,

Mo is defined as the concentration in the second and M is the



concgntration of either My or MZ‘ Duplicate samples'with a deviation
gr§a£ér than +5 percent are designated as anomalous.

| 3wIP did not report the percentage of samples that exceeded
‘Lthe +5 percent criterion; however, it ‘can”be easily verified that 10

“percent of the samples in the confined aquifer exceeded this

“'?«&criterion and should not be used in future studies. It is also

' éuggested that both dupliéate samples be eliminated in the event that

.’:f;}one sample is designated as anomalous based on faulty charge balance

f' cg1cu1ation or specific conductance versus concentration.

it should also be noted that duplicate analyses were not
performed for eveéy constituent. Duplicate analyses were onlj
performed on the major inorganic species: Na‘, kt, Cal*, Mg2t, c1-,

F~ and 8042‘. The alkalinity measurement was not analyzed in

duplicate analyses because BWIP considers it to be a "major, likely o

source of error". BWIP (Early et.al., 1985) suggests that error in
alkalinity ma& be detected in the total anion versus~specific- --
conductance check; however, total anion versus specific conductance
is not an adequate method for identifying errors in alkalinity because
it is not possible to compare individual components to specific
conductance (Matthess, 1982). In addition, this type of comparison is
highly site-specific and dependent upon concentration and temperature.
Therefore, duplicate alkalinity analyses are needed, especially since
alkalinity represents the entire carbonate system and is closely
linked to pH.

Duplicate anaiyses were only determined for species with
concentrations excéeding 5 mg/L of each species in solution. This
restriction limits the data that will be checked and totally excludes

trace element, radioisotope, and stable isotope concentrations from

L



being éhecked. Due to the analytical uncertainties, which increase as

cohééntrations decrease, a comparison of duplicate analyses for trace
| élément concentrations is neceséary to;inqure a higher degree of
~confidence in data quality. BWIP proposes to include duplicate trace )
| _f é1ement.comparisons'in future sfudies; in that case, it would be
crucial to evaluate representativeness of the data collected between

1977 and the start of duplicate trace element comparisoné to the data

*

. evaluated by this new comparison.
EVALUATION OF SAMPLE REPRESENTATIVENESS

A major problem facing BWIP is the evaluation of sample
representativeness in relation to sample collection. Drilling of the
borehocles required the use of drilling fluids which consisted of a
mixture of Columbia River water (with high tritium concentrations),
bentonite, organic polymers, sq@a ash and cﬁromium lignosulfonate
(Graham et al., 1985). Before representative sa;ﬁlg; can be ;bégined,
the drilling fluid must be removed and well development assessed.

BVIP evaluates well development based on the ratio of the volume of
drilling‘fluid femoved divided by the volume of drilling fluid lost to
the zone during drilling. Since the volume of fluid lost is only
roughly known, the ratio is qualitative (Graham, 1984). BWIP defines
an arbitrary well development ratio of 5 as representative. However,
it is possible that some particulate material related to drilling
fluid is still in the zone and removal of this material is slower than
removal of the dissolved constituents at a development ratio of 5 and

the well may still be contaminated. Hence, BWIP also evaluates the

degree of well development by measuring the tritium, total organic
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- carbon (TOC) and fluorescein dye contamination. These three
components act as tracers and aid in determination of true formation
cdndifions within a well. However, fluorescein dye is a qualitative

- measurement and TOC is difficult to assess because drilling fluid

;3' composition can be variable. No definite criterion has been suggested

Ui to judge contaminatioﬁ (Ear1y et al., 1983). Therefore, BWIP relies

lfhéavily on determination of tritium contamination to assess well

;development. Since tritium has a half-life of 12.3 years, groundwater

“*V‘_ iso1ated from the atmosphere for longer than 100 years should be free

" of tritium activity. The drilling fluid mixture contains Columbia
River water, which has a natu;al tritium spike of 50 TU (TU, defined

-~ as a tritium unit, is equivalent to the concentration of 1 atom of
tritium in 10'8 atoms of hydrogen and is equal to 3.23 pCi/L); the
river water is ideal for use in.evaluating well development. However,
several problems are associated with this method. Analysis of low
tritium activ;ties are time—coﬁéuming and expensive;  therefore, -BWIP
only samples for tritium cont;mination when the final hydrochemical
samples are collécteﬁ; Actual results pertaining to tritium activity
and well development take severai weeks to evaluate. Hence, to assess
well development in the field, BWIP depends on'the qualitativé methods
of fluorescein dye and TOC, and utilizes tritium activity as a final
check only.

To assess sample representativeness, BWIP has employed a series
of checks to evaluate problems related to drilling and sampling
techniques. These checks inclﬁde: 1) comparison of multiple
analyses from the same boreholé, 2) evaluation of tritium

contamination in groundwater, 3) evaluation of organic carbon

contamination in groundwater, and 4) evaluation of dissolved gas

1




confémination.
‘;BWIP reports that comparison of multiple analyses from the same
prbduéing zone in a borehole hgve been.perforﬁed by different
" laboratories. However, BWIP indicates that these analyses were only»
:perforhed "occasionally" and that severai gsignificant deviations
ffresult from intercomparisoﬁs of major chemical constituents (i.e.,
na*, K*, Ca2t, Mg2*, sitt, c1-, -, 5042~ and alkalinity). BWIP has
1‘f¢hosen an arbritary figure of 25 percent deviation from the mean to'
‘jidentify anomalous samﬁieé. |
Problems in evaluating this technique result from BWIP's loose
definition of the frequency in which samples were analyzed; the term
"occasionally" has little meaning. In addition, the intercomparisons
are limited to major constituents or ions with concentrations greater
“than 10 mg/L. Since a greater degree of uncertainty is associated

with trace elements, stable isotope and radioisotope concentrations,

greater attention should be directed toward assessing their
. representativeness before use in modeling..

To evaluate tritium contamination in samples, BWIP, in 1984, had
designated an erbitrary figure of tritium < 1 TU to indicate sample
representativeness. But, using this definition, BWIP discovered that
79 samples exhibited contamination in the confined aquifer; hence, in
1985, BVWIP re-evaluated their definition of tritium contamination and
concluded that tritium values < 5 TU were acceptable.‘ Only 30 samples
show contamination using the new criteria.

Although the change in definition allows BWIP to retain more
data, the present definition of sample contamination (tritium acitvity

£ 5 TU) may not adequately demonstrate sample representativeness and

12



may compromise ground water geochemical analyses. Graham et al.
(1985) found that contamination from drilling fluid was apparent in
borehole DC-14 at a tritium level £ 1 TU. After measuring TOC values
... -.well above base line concentrations, Graham et al. (1985) concluded:

that TOC and fluorescein dye are highly reactive and sorb to clays,

'71,'thus being removed at s slower rate than tritium. Therefore,

gfoundwater samples taken at this activity level may be contaminated
| with drilling mud and do not represent true formatlon conditions.
Analyses of sample contamination by drilling fluid in Borehole
DC-14 (Graham et al., 1985) demonstrate that the concentrations of
major inorganic species are affected. The concentrations of Nat ’ K*,
Ca2+, 8042' and all carbonate species increased; whereas, the
concentrations of Cl1~, F~ and Si4t decreased as a function of drilling
nud/fluid contamination. The concentrations of minor inorganic = .
species (trase elements) were not analyzed.

‘ Therefore, the definition‘of sample contamfnétibn due to drilling
fluid contamination should be lowered to tritium activity < 1 TU to
insure sample representatineness. T

The NRC is satisfied with the 1984 BWIP definition of
contamination (tritium < 1 TU) and indicate that they do not believe
that this level of contamination will have a substantial influence on
the "gross" chemical composition of samples. However, they are
concerned that the drilling fluid could significantly alter the
concentratinn of major inorganic cations such as Ca2+, Nat and X' and
jeopardize the integrity of the trace elements. Therefore, the NRC
suggssts that all future boreholes bé drilled without the use of
drilling fluid, but they do not offer any guidelines as to how the two
data sets (samples collected from boreholes drilled with the fluid and

13



saﬁilés collected from boreholes drilled without the fluid) are to be
céﬁbined.

| 'JI§WIP may also determine sample répresentativenss.on the basié of
'organic céfﬁdﬂ cdntamination. As discussed above, orgénic components
are included in the-drilling fluid and high organic carbon
concentations in the sampies (TOC > 10 mg/L) may be indicative of

contamination. However, the TOC measurement is highly qualitative due

. to #ariation in dfilling fluid composition and it is difficult to

. assess. Therefore, the thirtéeﬁ>samplés in the data base that exceed

the "greater than 10 mg/L organic carbon content criterion" should be

excluded from future studies due to the strong possibility of sample
contamination.

BWIP is also utilizing oxygen content of samples as a check of
sample contamination. BWIP suggests that samples containing '
significant amounts of oxygen.(i.e., greater than 1_percent Qxy§en)
are contaminated (Early et al, 1985). This is based on the idea that
reducing conditions prevail in the groundwaters and oxygen
concentrations should be low.

BWIP suggests thatvsamples can be corrected for oxygen
contamination using the normal composition of air. However, many Qery
important parameters are affected by atmospheric exposure (e.g., pH
and Eh), and it is not possible to accurately correct these values.
Therefore, the sixteen samples in the data base which exhibit
atmospheric contamination should not be considered as representative

and should be eliminated from future work.

14
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CONCLUSION

,p% Invconclusion, several key issues need to be addressed by BWIP
5lﬁ?before adequate 1nterpretation of the data base can be made. _

D) :It is crucial that BWIP present detailed descr1ptions of their {;:
“f:;groundwater sampling and analytical procedures to enable_*° o
J 1;fﬁbetter evaluatlon of the representativeness of the N

f'geochemical data base.

"?BWIP should explicitly describe the procedures followed

L:%before and after 1982 (the year BWIP became responsible toer
© all field work and operations). |
v3) l thorough explanation detailing BWIP's procedure for | .
combining data from different laboratories and different time
periods is necessary to ensure quality assurance. Inclusion
'*i_ w-2-- - ---of percent error of data and accuracy and precision of
instrumentation is recommended. ‘

4) The 152 samples in the data base that did not meet the .
criteria set by BWIP (Early et al., 1985) should be considered
anomalous and unrepresentative of true formation conditions. )
These samples should not be included in future studies that vill'
lead to predictions concerning the Hanford Site as a possible
nuclear repository.

5) More attention should be given to testing the integrity of

the trace elements, radioisotope and stable isotope analyses.

'z

It has been noted several times by BWIP that these constituents
-~ are most subject to contamination, and yet, BWIP has done little

to assess their representativeness.
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