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Summary

This paoer proposes that the [odine-129 ([-129) concentration oF 1 8

picacuria per licar (pCi/L) given #n the option D hydralogy strat

0 -
3y

. raoors (GWG, 1687) is thra2s orders of magnituds tco siringent

bezause:

0 Standard drilling and groundwater samoling sraczduras arz not
adequats to assurs collection of such sufficisntly pure watar

samples,

] Natural flow system interconnection and or man-made mechanisms
by which I-129 was introduced into the confined aquifers from
Hanford waste water disposal operations are not understood,

o ~ Naturally occurring 1-129 background levels in a basalt-
groundwater environment are uncertain, and

o Above background levels of 1-129 are already present-in portions

o of the confined aguifers in the vicinity of the new boreholes

identified in GWG (1687) and in the pump test arza at the RRL-23
site. This iodine was introducad from past drilling operations
when hundreds of thousands of gallons of mud and Columbia River
water were lost into basalt flow tops. The [-129 concentration

in river water fs 1072 pCi/L.

It is 1ikely that 1-129 concentrations above the 10°8 pCi/L evaluation
criterion listed in GWG (1987) for groundwater samples from the first
large scale pump tests already exist in the RRL-2B area. Even {f this
contamination did not exist, there is still no method to detect I[-129 at
the 10°8 pCi/L level against the probable levels of surface-source
contamination introduced through drilling fiuvids. If an [-129
evaluation criterion i{s te remain gn the option D report, then a new
value of equal to or less than 10°° pCi/L is proposad for water
discharged during the first pump tests. This value would be identified
as the "likely background concentration” for [-129. The previous value
of 10°8 pCi/L would remain in the option report but be qualified as
"best analytical sensitivity" for [-129 detection.

The option D report states that if any evaluation criterion is found to
be exceeded, then additional testing and analyses would be needed to
determine- if said condftion was "pervasive” across the site. In other
words, any [-129 findings must be examined in the context of all
hydrochemical, hydraulic, and geologic data useful in defining flow
system dynamics. Nevertheless, any evaluation criterion used in the
option paper must be a meaningful number. Presently, one cin not
distinguish, using [-129 values alone, between iodine introduced into
the basalts from natural flow system leakage and that artificially
fntroduced by borehole drilling or past waste disposal operations. Nor
{s there a supportable basis for establishing a true background
concentration for [-129 in a basalt-groundwater environment.



1.0 Jatroduction

The objective of this paser is to prapose & changs in the lodine-129 (I-
129} cancantration given as an evaluation critarion in the cption D
hyéralogy stratagy raport (GWG, 1987). That repert outlines the
geonydralogic tasting program to be undartaken befors construction aof
the First axploratory shaft. The evaluation critaria contained ia GWG
(1587) apply to the test results of and groundwater samples collected
during the first large scale pump tests. The collection of drill and
test information (i.e. hydraulic testing and or groundwater sampling
du;ing borehole drilling) is not planned for borzholes DC-24, -25, -32,
and -33. '

The rationale for including 1-129 as an evaluation criterion in the
option D paper is discussed in sectfon 2.0. This is followed in section
3.0 by a summary of what is known about [-129 concentrations in the
local surface and groundwater flow system. This discussion ts condensed
_from information contained in section 3.9.5.5 of the Site °

" Characterization Plan (SCP). Sections 4.0 and 5.0 address background
levels of [-129 and how it can be introducsd into groundwater samplies
via borehole drilling and water sample collection. Saction 5.0 also
presents an evaluation of borehole cleanup needs to remove drilling
fluids. Report conclusions are summarized in Section 6.0. These
discussions are followed by section 7.0 which proposes a specific taxt
change to the option D paper. This change reflects a more realistic
role on how [-12% can be used to support the hydrology site
characterization strategy.

2.0 Backaround

An 1-129 concentration of 10-8 picocurie per liter (pCi/L) was given in
GWG (1987) as one of several criteria related to:

*... evaluating the presence of disqualifying conditionms...
Should the testing program provide data that exceed the
evaluation criteria and thereby indicate the potential presence
of a disqualifying condition, all available-data related to that
criterion will be evaluated and/or additional testing will be
perfarmed to confirm whether the data are representative of the
site and the condftion if pervasive across the site." (page 4).

The above [-129 concentration was selected because it wag the
understanding of the working group that levels above 10°° pCi/L
("background®) of [-129 was not expected in the Grande Ronde Basalt.
Therefore, this concentration was identified as an evaluation criterion
in the GWG (1987) report. Any higher iodine values measured during pump



t25ting was thought ta suggest vertical graundwater leikage. Such
Teakage mighe fncicate the gresence of a disgualifying candition (riaid
grouncwatas ‘ravel time) for the basalt sits. However, the authors 3¢
this white paoer (Gaonars, Hall and Wallick) believe that one shculd be
Cautious ia using induced leskige (iand any assaciaced [-129) as a
potantial critzricn for discualification. Rataer, ¢ns should use
leakage uncer equilibrium cancitions.

However, {t aspeirs that the fallowing infarmatton was not 2decuaszly
factores into the option D repors: (1) tafarmaticn on kaown and
suspected [-129 cancentritions in the grouncwiter system, (b) recagnized
uncertainties in attempting to drill holes iand sample waters for
detecting lew [-129 concentrations, %c) the extriordinary borehale
cleanup needs for removing past drilling fluid losses containing above
background [-129 Tevels, and (d) the uncertainty associated with what is
a true [-129 background level.

3.0 Pragen £ 1. in Suyrfics Water Nogr and Groyndw sne3®h
gne Hanford Site o

lodine-129 concentrasions of 6 x 16°% pCi/L and 2 x 16°2 ta 8 x 10°3
pCi/L have been detected in the Columbia River and Hanford 300 Arez rain
water, respectively. Price el al. (1925) reported that [-129
concentraticns in the Columbia River during 1984 ganqed from 1.2 x 10°3
sCi/L vostreas from the Hanford Site to 7.4 x 1079 pCi/L downstream from
the Hanfard Site._ Within the uncongined aquifer, [-129 concentrations
range frem 1 x 103 pCi/L to 1 x 10°S pCi/L. Concentrations are
primarily inflyenced by the sazpling site’s closeness to present or pase
waste disposal facilities. The highest concentrations generally océur
within and adjacent to the 200 Areas. lodine-129 concentraticns within
the canfined aiuifers of the Saddle Mountaing and Wanapum Basalts range
from about 10°¢ pCi/L to 1075 pCi/L.

Mose [-129 data for the confined aquifer system iare from the Rattlesnake
Ridge and Madton interdeds. Fourteen boreholes comoleted in the Madton
fnterbed were periodically sazoled in the 1970°s. HMost of thess are
Tocated along or near the eastern extension of the Ustanua Ridge-Gable
Mountatn anticline. This is an ared of known vertical groundwaster
Teakage that 15 or has tiken place along an area of. folded and faulte
basalt (Gephart, et al- 1976, Graham et al 1§84, DOE 19€6). :

The U.S. Departnent of Energy derived concentration guideline (draf?)
for [-129 s 500 pCi/L (Ger2on, 1587). The U.S. Environmental
Protection Agcncr drinking water standard 15 1.0 pCi/L (EPA, 1876).

Large scale pump testing will begin at the RAL-2B site located in the
central porticn of the controlled area study zone (GWG, 1587). Borehole
drilling in this area over some 8 years has resulted in the loss of
hundreds of thousands of ;al!ons of drilling fluid in23 the basalts.
Specifically, a% the ARL-2 site alone, aver a hundred thousand gallons
of ¢rilling fluid (water and zuds) were lost inta the same bisalt fiow
toss scneculed for large scale pump testing. Since Columpia River water



was used for_drilling some of these holes, locai [-125 conceatrations of
at leaast 1672 pCi/L ars prasumed to alrzady exist tn the groundwatar U3
be withdrawn during pump tasting.

4.0 Exnacsad [.128 Backaraun nzsntrition

This saction 2ddressas naszural background levels of [-129 in 2 basal:
graundwater system, tasorstically calculated limits on [-129
conczatrations, and grouncwatar sample size dependance for measuring low
fodine concantrations.

4.1 Natural Background Lavels Evaluated for [-129 in a Basalt
Groundwater System

Iodine-129 (a beta emitter with a half 1ife of 16 million years) is a
naturally occurring radiocactive tracer that fs useful for study of
hydrogeologic processes on time scales up to 100 million years. [odine-
129 is constantly produced in the upper atmosphere by the interaction of
cosmic rays with stable elements in the atmosphere and by fission of
heavy elements in the crust of the earth. Man-made sources tnclude
. gaseous emissions from nuclear reactors and reprocessing plants,
leaching of high-level radioactive wastas, and fallout from atmospheric

testing of nuclear weapons.

Fabryka-Martin et al (1985) calculated 5 at the steady state inventory
of [-129 in the hydrosphere is 1.2 x 104/ atoms, neglecting production
by neutron-induced U-235 decay. The global average of {-129/to:a1
Iodine ([-129/1) in the hydrosphere ranges from 3 x 10° 3t 3 x 10712,
depending on the extent of mixing between fodine in recent marine
sediments with fodine in sea water. If this mixing fs assumed to be ?gﬁ
efficient, then the predicted average hydr: jheric ritic is f S x 10749,
The [-129/1 ratio in deep groundwater was given as 4.5 x 10° 3, a
somewhat lower value, because of removal from active exchange with the
atmospheric source reservair.

Fabryka-Martin et al (1985) alse presented calculated data for I[-129
production rates and steady-state concentrations in various rock types,
depending upon the typical concentrations of uranium and {fodine. For
example, the highest [-129 content would be found is 1 marine black
shale, while the lowest would be found_fn a halite. The ratio of I-
129/1 for basalt was given as 16 x 10747, .

Comparing the ratioc for deep groundwater with that of basalt, in theory
at least, shows that leaching of fodine from basalt into groundwater can
significantly raise the background ratio.

The background activity of lodine-129 in deep basalt groundwater {s, at
i minimum, the activity that corresponds to the deep groundwater ratio.
According to Fabryka-Martin et al (1985), a minimum of 10 mg of {odine

must be available for analysis. This information can be used to arrive
it 1 specific background activity for fodine in groundwater.



Consider the deciy equstion: - €N/t = N Lambda

Given that:

[-129/1 ritio in dees groundwater is 4.5 x 16°13;

Lamsca (deciy constant for [-129)=1.372¢ x 16°18 spc-!;
Hinimum of 10 mg total iocine for analysis. Assumed ¢t be
present ia one 1i%er; ‘

0  Avogadra’s nuzter = 6,02 x 1023 asems per mole;

o One curie = 3.7 x 10'¥ disintegrations per second,

000

The equation may be solved to yield 2 backgrougd activity of 7.8 x 10°9
pCi/L. This {s approximately the value of 10°° pCi/L that is given in

GWG (1987).

(4.5 x 10°13) (10-3 q/Ll (6.02,x 1023 atoms/mole)
(1.3728 x 10-46 sec°)

(129 g atoms/mole) (3.7 x 1010 sec-l/ci) -

As mentioned earlier, basalt rock can have a ratic of [-129/1 that is
about four times larger than the value i{s for deep groundwater. The
contribution of this [-129 to the groundwater resulting from leaching of
fodine along the flow path in 1 basalt groundwater flow system fs
unknown. Leaching would have the effect of increasing the background to
a1 level scmewhat higher than the stated 10°8 pCi/L. A discrete value
could only be obtained by: ST

] Deterzining the ratio of [-129/1 for Columbia River Basalts,

0 Studying the abundance and distribution of fodine {n the
basalts, and

0 Studying the change 1n total todine concentration fn groundwater
as it evolved chemically along a flow path.

Fabryka-Martin et al (198S) pointed out that total fodine concentrations
increase with groundwater age due to leaching of fcdine from the hast
rock. The {sotope signature of this second [-129 source will be a
function of 1ithology and formition age. In cases where significant
leaching of fodine takes place, the initial fsotope ratfo of [-129/1 in
the groundwater would be the sime as that of the recharge water.
However, then the overall groundwater ratioc would increasingly reflect
the age ¢f the host rock rather than that of the water.

Another problem in defining the background specific~activity of .I-129 in
Hanford groundwaters is variable contamination of the system wjth
Colunibia River water that has a specific activity of abaut 1079 pCi/L.
Contamination has been variable due to differing volumes of fluid lost
into basait flow tops as a result of drilling and testing on the Hanford

Site over the years.




Based uoon data from the Titeraturs, the uncerizinties of faéing
leaghing, and variadble cantamination, 2 backgraund ringe of 10°° to

10°3 oCi/L ac02irs reasanable unsfl addicional geochemical data bezome
availania, For the present, this ringe i3 expressed as equal o or lass

tnan 10°3 pCi/l.

4.2 Theoretizally Calculated Limits and Samole Size Oesendancy
Summirized for Measuring Low [-125 Concentrations

Determining [-125 concentrations in water §s complicated by two
factors:

0 Low concentrations of fedine in natural groundwater, and
o Low isotopic abundances of [-12% in matural fodine.

The measurement of [-129 in water requires the fsolation of about 10 mg
of todine. Considering that the concentration of fodine in Hanford
groundwaters is on the order of 2 parts per billion (ppb), large

" quantities of water must be collected to cbtain the necessary
concentrate.

According to Fabryka-Martin et al (1985), tandem accelerator mass
spectrametry (TAMS) {s the instrumental method of Shoice for
determination of [-129/1 ratios as low }s 1 x 10°13, At the 10% Tevel
of significance, a sample containing 10/ atoms of [-129 in 20 mg of
silver fodide gave a ratio of 1-129/1 of 8 x 10°13. This information
fndicates that current analytical éensftivity is barely sufficient to
resolve levels of [-129 at the 10°8 pCi/L level. Fabryka-Martin et al
(1985) also state that resolution improvements of about one order of
magnitude are expected and may already be avaflable.

For [-129 analysis of Hanford groundwaters, the following realities must
be considered at this time:

o  Detection of an [-129 concentration of 10-6 pCi/L requires a
groundwater sample of about 50 L (13 gallons).

0 Detection of an [-129 concentration of 10'g pCi/L requires a
groundwater ;ample of about 5G00 L (1300 gallons).

Large quantities of groundwater should not be collected in an attempt to
reach background levels that overlap with fastrumental detection limits.
Not only is the passibility of contamination from large sampling
containers a danger, but there is also the increased uncertainty as to
which stratigraphic sectfon is actually supplying the water.



5.0 4 . 1 antaming

The laboratary measursment of [-129 in 2 graundwater sampie rearssenis
the weigntad averige of the caoncentration of the isstape in the
graunswater and that of the resicual arilling fluid (wnich §s alss part
of tae callected samole) plus any 1-129 iatroducad iaza tne sampls
during c3lleczion, handling, and analysis. This laczer consribution caa
be minimized and comaensaced by using scrucuiously ciean anc consistane
technique, and by using analytical blanks.

Residual drilling fiuld in the sample presents a difficult problem in
attempting to collect represantative groundwater samples. The following
hypathetical example shows how drilling Fluid can add enough [-129 to
the collected sample to completely mask the true I-129 concentration.
Assume that the drilling fluid used to penetrate a basalt aguifer is
Columbia River water, taken from the northerg side af the Hanford Site.
This water has an [-129 concentration of 10°° pCi/L (see Section 3.0).
Also, make the unlikely assumption that the drilling fluid has not been
further contiminated by contact with air, soil, or groundwater from the
unconfined aguifer. Finally, assume that the [-]29 concentration {- the
groundwater s a natural background Tevel of 10°° pCi/L.

Some of the drilling fluid will effectively be injected into the aguifar
during borehole penetration. Most of that fluid will be removed by
develaopment (cleanup) pumping. Simple calculations show that if the
sample callected after development 13 99% groundwater and 1% residual
drilling fluid, the [-129 concentration of the sample will be 1.1 x 10-7
pCi/L, which is eleven times higher than the assumed true groundwater
vilue. Similarly, {f the sample represented 99.5% groundwater and 0.1%
residual drilling fluid, the result of laboratory analysis would show an
[-129 concentration of 2 x 10-8 pCi/L or twice the actual groundwater
vilue. For this example, the collected water sample must be §9.99% free
of residual drilling fluid before the 1-129 Tevel s representative
within 10% of the actual groundwater concentration of [-125. It s clear
that residual drilling fluid contamination is a major problem because ft
creates an unfavorable signal-to-noise ratio. Data analysis teckniques,
developed to monitor hydrochemistry at boreholes DC-18 and 0C-23, can be
used to quantify borehale development. These techniques (Hall, 1586)
depend upon time-series sampling and field analysis during development
pumping. Results show the following approximate relationship between.
residuil contamination and pumped water volume during development of
Hanford basalt aquifers:



Pumozd volume/injectad volume* % rssidual drilline fluid ita samslss

1 33%
10 2%
100 g.2%
1000~~ 0.02%

* "[nject2d volume" is the amount of drilling fluid Jost to the aguifer
during borshole penetration.

*+* Extrapolated. This value has not been reached in practice.

These results show that to reach the 99.99% cleanup cited in the example
above, the water volume pumped during development must be over 1000
times the fluid loss during drilliing. This figure is about 10 times
greater than has been achieved to date during the best drill-and-test
mode sampling conducted on site. At borehole DC-18, a pumped volume-to-
injected volume ratio of over 100 was reached ta the Raosalia:-flow top of
the upper Wanapum Basalt during a thres-week pumping campaign. This
"large ratio was achieved only becauss an unusually low volume of
drilling fluid (3180 1iters or 835 gallons) was lost during penetration.
No other drill-and-test horizons have been daveloped to this degres. It
would have required about 30 weeks of pumping (about 2 million gallons
pumped) to reach 99.99% cleanup. Moreover, the pumped water has to come
from somewhere. After such a massive pumping campaign, the final
collected sample would not represent water from the vriginal borehole
site. Rather, it would represent a composite of groundwater induced to
flow from the surrounding fiow systems. Crossover of contaminants from
any nearby boreholes that have penetrated the same aquifer then becomes
a very real sample contamination concern, especially 1f such boresholes
were not originally developed to a high degree (this is the usual case
with most boreholes at the Hanford Site).

In the hypothetical example, {t was assumed that thers was no [-129
contamination in the drilling fluid beyond the 102 pCi/L already
measured in the Columbia River water. In reality, there are several
sources of contamination. Airborne 1-129 from processing facilities at
Hanford can contaminate drilling fluids in the mud pits. Similarly, the
sails are contaminated, so soil dust is a potential problem. Finally,
water from the unconfined aquifer can contaminate the drill string and
fluid recirculation system during drilling. This contamination can*
persist throughout the drilling campaign, 1.e., throughout the drilling
of the lower confined aquifers.

In the vicinity of RRL-2B, the pumping well designated for the
forthcoming pump tests, literally hundreds of thousands of gallons of
river water in driiling fluids have already been last to aquifers,
including over 380,000 liters (100,000 gallons) to the Birkett flow top
alone. This is one of the flow tops to be pump tested and sampled for
comparison against the evaluation criteria given in GWG (1987). Though
the 1-129 concentrations of these fiulds are unrecorded, and the degree
of borehole develapment is uncertain, an [-129 concentration of 1079



pCi/L may be assumed 2s 2 minimum. Consaquently, the degras of existing
cantamination of aguifers due solely 2o drilling activities cannot be
evaluatad. [In other words, [-129 measurements for samples taken during
large-scale pump tasting may be meaningless. Thus, thers is no
tachnical basis for assigning a2 supportable svaluation critarion
("yeilow flag") value for the 1-129 mezasurements.

Using the above information, another calculation can show how inadaquats
the planned total discharge volume for the first largz-scale pump tasis
will be to remove "above background” levels of [-129 from scme tast
horizons. For example, assume a discharge ratz of 19 liters per minuts
(5 gpm) for 30 days. This gives a total discharge of 818,000 litars
(216,000 gallons). MNext, make the optimistic assumption that only
380,000 liters (100,000 gallons) of drilling fluid was originally lost
into the RRL-2 test horizon. (This is the case for the'Birkett flow
top.) To reach a 99.99% cleanup, then over 380 million liters (100
million gallons) of water must be removed. At 19 liters per minute

(5 gpm), this would take nearly 14,000 days or 38 years of pumping.
Clearly, this is an unreasonable expectation to meet an [-129 evaluation
criterion that itself has no solid basis. o

"A fundamental question in reviewing data for any groundwater sample and
any laboratory analysis of that sample is, "What does the sample itsalf
represent?” The above discussion has shown that actual groundwater
samples collected at the Hanford Site represent part groundwater and
part drilling fluid. For [-129 measurements, it has been shown that,
within reasonable limits of development pumping, the drilling fluid
contribution to a groundwater sample would completely mask the
contribution from any uncontaminatad deep groundwater.

6.0 Conclusions

The following conclusions are drawn from the information presented or
referenced in the previous sections:

0 1-129 appears to be present in the confined aquifers near the
200 Areas particularly along the Umtanum Ridge-Gable Mountain
anticline. Vertical groundwatar leakage takes place within this
gealogic structure. )

0 The mechanism{s) by which Hanford derived I-129 is 1ntroduced
into the confined aquifers is not fully identified.
Explanations include both natural and man-made mechan{isms.

] The true background level of [-129 naturally occurring in a
basalt-groundwater environment {s uncertain.



[-129 at concantrations of at least 10°2 pCi/L has been
introducad into the groundwatzr bensath the arza planned for the
first large-scale pump tast. This [-129 is 2ssociatad with the
thousands of gallons of drilling fluids lest into the basait
rock since the lats 1670's. Thesa groundwatars are the same 2$
those - to be withdrawn during pump t2sts planned in tha ootion D
hydrology stratagy repore.

Basad ugon the Tacts that (a) analytical precision is poor in
the 10°° pCi/L rangz, (b) large water sample volumes are nzacdad
to approach this rangs, and (¢) therz alrzady is large
uncertainty in the theoretical natural background for [-129 in
basait groundwater, it is necessary to seriously reconsider what
is thought to be a realistic background value for [-129 in the
option D strategy paper. .

Massive borehole development is necessary to remove [-125
already introduced into the basalt-groundwater environment by
drilling. The required cleznup exceeds that historically
accomplished in past basalt drilling operations. In-addition,
 the planned discharge volumes from the first large-scale stress

tests appear to be inadequate to fully clean out the test
horizons for low level 1-129 measurements.

To separate the signal (true background) from noise (drilling
fluid contamination) level of I-129, the in situ [-129
concentrations must be no less than about one-hundredth of the
concentration in the drilling fluid itself. Otherwise, signal
to noise separation is not possible. -

Until analytical improvements and further geochemical studfies
are available, the background value given on [-129 in the option
D strategy paper should be no more stringent than equal to or
less than 1079 pC{/L. .

10



7.0 Regommended Tex$ Chance to the dosion D Rzoort

The only refersnce to [-129 ia the option O paper is in the first page
af the tabla entitled "Strategies to [avestigatz'Disgualidyting
Concitions”. There an evalyation critarion of 10'é pCi/L is given., [%
is proposad thal a footnotz labsled "a" be placed nex: ta this
criterion. AL the bottom of the pags, the footnate would rzad "a=bast
analytical sensitivity*. In addition,_it is propesed that 2 szcond (-
129 value of equal to or less than 1073 pCi/L be 1isted balow the 16°8
pCi/L value. Next to this new value, a footnota "b" would be placad.
This footnote would be explained at the bottom of tha page as "b=likely
background concentration®.

In proposing these changes, it must be recognized that even a 10-5 pCi/L
value may be meaningless because of the numerous unknowns discussed in
previous sections. This is why section 2.0 emphasized the {mportance of
not taking any single test value (whether it’s a hydraulic or
hydrochemical value) out of the context of all other known geohydrologic
data. That is simple and sound scientific practice. .
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