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Dexr Bill;

The following are my commeats and imprestions sbout the field trip and the meeting in Las
Vegas oa the subject of ground-water travel time, oa Oct. 21, 1994:

(1) He is right that we cannot "date" ground water per 66. This 1s because the tracer is mixed
with water over time an space and diluted such that the amount of tracer (tritium or whatever) in
the ground water is not necessarily all the tracer that was in the recharge water. However, it can
be used to advantage and with proper consideration of bydraulics, can be used 10 estimats dates

of ravel. Nevertheless, the presence of significant tritium in the groond water at depth benesth
Yucca Mountain does indicate the recharge of fairly recent water— most troublesome point.

(2) He also pointed ous the potential usefulness of other tracers that could and thould be tried,
namely Si-32, Ar-39, Kr-81 and C1-36.

The problems with C1-35 are prodominantly those of deterrnining its origin. Although Stan did
not mention it, C1-36 i3 often produced by nuclear power plants and carried downwind. Itcan be
produced geologically, for exampls, by fission of uranium, and the rates of its production must
be determined first. This is not an easy task. At Purdue, we have had problems with using
Cl-36 because of it high background level, and lack of understanding of where it is coming from.

The best way to use tracers, a1 Stan poiared out, is 1o used more than one a5 checks on the
others.
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Mmshmmmbemdmudepm.lmfmmupmngmuiﬁm
unless the water comes from an area where nuclear tests ucted, tkely
the case at Yuces Mountain. were cond bttt s ot

AlthoughIﬂxinkthutheuiﬂmudep:hbewrh?umlﬁounmnhndmddpmmgm
problem at the present time 1s ,"Along what path did it enter”?. Travel time can be estimared
mote accurately if the pathways are known, The tritium indicates that receat water has gotten
inxothuymm.humeqm‘sdooumm This last Question is the most cxitical of all,
xg&mdnhdmmmmmwwmmMMmmmuwhowk

Austin Loog's Talk

(1) Austin reiterated much of what Stan said, so I woa's repeat it here. Austin did make several
pertinent comments about the pitfalls in trying to use C-14, and the mitigating factors o be
congidered in doing so. One of the most significant is the changing flux of cosmic particles
entering the earth’s atmosphere due to changing sunspot activities and consequent changing
magnetic feld intensity,

He also meationed that atmospheric nuclear teating increases the C-14 levels in the atmosphere.
If recharge containing this extra C-14 were to get lato the Yocca Mountain syseem, which it may
have already doae, it could give a false date, which would Likely be younger than it should be.

Bacterial action (probably not a big factor at Yucca Mouatain) can also affect the ratio of C-14
to other carbon. We also know this to be true for sulfur isotopes. Generally, bacteria

concentrate heavier isotopes, which under the right conditions can produce an appareat carbon-
14 age younger than reality. :

The important point to remember is that using C-14, as in the case of H-3, can be done 10
advantage if one can elucidate the flow paths, and can thea find relative changes in the
concentration levels at various places. The relative changes in concentration can be used as a
kind of normalizing feature which will help to negate the effects of aoa-natural C-14 or H-3.
This assumes of course, that tracer spiked water found in different parts of the mountain all came
from the same source. Again, this latter poiat cannot be ascertained unless one knows, or hasa
pretty good idea about the flow pathways of entry. '

Aunstin did make & good point about the varlability of H-3 over time and space on the surface,
and pointed out that its variability was even more notable than that of C-14. But it should be
pointed out that tritium is much more conservative as & tracer underground than is C-14, because
of the interchange of tracer carbon with carbonate minerals.

The USQS has long known, from its coatinuing study of tritium in precipitation, that more H-3
will rain out or spow out {n the Siemras than will be found In water to the east. Heavier isotopes

will fall out first. This will also give an apparent date younger than normal if this water gets into
the ground water system.
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Nail Plummer’s Talk

Neil pointed out two very important points that the previous two speakers did not. That
mmpamdmm;uwmudc-uunmmemm:m
dating. This is difficult at if not impossible at Yucca Mountain because of the lack of
information about what the C-14 levels were after recharge, whenever that was. An additional
mitigating factor is the C-14 levels in the atmosphere, and in the soil 2one, during the pluvial
period of the last fce age (14,000 yns bp). Obviously, & soil zone had to have been formed with
the added water. Plant and microbial activity must bave greatly added to the carbon load in the
!mitm. B

(2) What are the reactions lavolving C-14 along the flow pathways? Again, this might not be
posaible to fully undersiand because of the difficulty of cbserving fragile and ephemeral
reactions with CO2 at depth. When cae takes a sample, the partial pressure of CO3 is very
important to understanding the reactions taking place (Groundwater, Chap, 7; Freeze and
Cherry, 1979). The mere act of drilling into a deep aquifer or fracture may cause CO; 10 escape,
thus precipitating CaCO3 out of solution before & water sanmple can be brought to the surface.

The asw USGS model, NETPATH., is purported to include all carbon forms and reactions in the
sysiec. If 50, then it will be a useful tool in perhaps described and quantifying the vasious
carboa resctions that Could or Might take place as water is recharged to the ground water
mi?‘(mmm Hoever, no model is any good at all unless one has proper data to
put t ‘

Mym«mmumumuwmquwaymmm
conceatrations of carbon, especially of C-14 in the system in order to adequately model the
chemical resctions. It might be possible, from observations or modern carbon concentrations
and assumed reactions, to back out, {n an inverse-modeling scheme, the {nitial concentrations.
Howm.mwoﬂdhwwbemwhnmwwnmba.m;mm
aforementioned perturbations to the carbon cycle.

Finally, it s nox clear to mo that enough background waser chemistry data is avallable o even
obtainable to adequately calibrate the model runs. .

Nmmmuwqumcmmnmmmmummm
tacers. This {s an area that thould be stressed. These anthropgenic compounds, good as tracers
mmummwmm»mmmwmamm
references for you). mmdndyﬁl(lsmm)ndbwcwduﬂmmm .
sensitivity (1 {n 1015, almost as good as tritium which is 1 in 1018), make these substances ideal
a3 tracer under the right conditions. mmdmmbummﬂmﬁmnmonm
tracers is that they are, &3 far &3 we know, unnatural, Thus we know when they started (o appear
lnﬂumospbat.mdwadnmmwmtcmmﬂmmhmmm
estimates about their concentration history with tims.
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They are conservative, and doa't seem to react with minerals miuch, although there
wmewﬁﬂtyhthmdmmmuywnw;?umqugammgwu

- DonThorstensan's Talk
I heard Don Tharstenson of the USGS describe results of using CRC's in the unsaturated zone.

amuy.mmmut:mmmwudxmmmmmammm shorter
than that of C-14. This is obviously because of the half life of C-14 (5000+ yrs),

At least in this case, it has been used to good advantage with C-14 in the unsatursted zone.
PmthexeaﬂulntheUkawouldmuppmmM@C‘umbouwdtondvmngeln
saturated ground water environments.

obn.Smuklesy's Talk

John meationsd something of great exportance and that was that in the beginntng of the Yucca
Mmmtﬁnmdy.hnlumwddnedpﬁmrmfwhommumdwommym
yield the right kind of information necessary. There are questions about coatamination from
pipe dope, greases, cement and salt upon C-14, Sr and Cl respectively. It appears in some cases
that this may be true, but keeping the hole clean during drilling is not a casy task.

Ha also brought out & point discussed above—namely the mixing of C-14 with dead carbon from
calcite in the soil and in the formations which may make the apparent ages t0o old. The excess
dadu:ubonwould;iwthclmpuudmtmmmdmc-ummmdmhmymbe
true at all,

Perhaps the most crucial of all bis findings were that Sr, C-14, U-series and other methods has
presty well shown that water has discharged 100 m higher in the past than at present. This is of
greatest concem in the event of a climatic change which could again raise the water table. This
is a point that must not be overlooked. :

In addition, ancther pertinent point be made was that today's travel time may not be the game in
the case of a climatic change. This point may be overlooked, bat it should be carefully
considered. .

What Al revealed, an update on last December’s presentation, was scary. He has documented
water entering not only unsaturated boles UZ-N2, and UZN-46 during spring snow melt (which
can be understood), but also, seepage at & depth of 1,300 feet. In addition, perched water ata
depth of over 1,000 feet in holes north of the central block was reported. The most bothersome

discoveries were water in UZ-14 at 2,206 ft which rose for 100 days; and tritium at 100 TU and
C-14 a2 50% modern, in UZ-16 a2 1400 £2 in the Calico Hills sectica.
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xmmumpéghdmmmuduwmmmmm:u.u
mentioned later by Alan Flint. If s0, could the surface in that ares be sealed with some kind of
pavement? It may seem far-fetched, but it should be considered. '

Both C-14 and H-3 were high, which is probably a dead ringer for rapid infiltration of recent
warer-FROM WHERE? There is obviously a pathway or pathways which no one knows, but
oaly suspects &s to its exteat. This must be dealt with before the Yucca Mountain site Us
approved (if ever). If this hole has high tritium and C-14 with depth, and others such a3 UZ4
has & C-14 age of £1,000 years as well as & water content of 30% at depth, then obviously, water
{s getting down there from somewhere, and it is very likely that sdditional holes will show

I believe that Al and his colleagues may be right in thelr statement that fracture and lateral flows
in the bedded and Calico Hills units dominate the bydrologic flow system in Yuccs Mountain.

Finally, if water is getting in, then it stands to reason that it is getting out, SOMEWHERE! The
question is WHERE? That is the 64-dollar question, and nothing that I have found in the
exteasive readings about the area and recent research there, or in this recent meeting has really
addressed this question. This question should be the paramount question asked, evea excecding
in {mportance the questioa of which tracer Ls the best, or how fast can the tunnel be drilled.

Yang and others acem to think that residence time is the most important issue, even superseding
travel time in significance, because both their "Piston Flow" modal and their "Well-Mixed"
mode! (for tritium) seems to hint at & mean residence time of roughly 32 to 36 years. It should
be noted that these calculations were for only one hole, UZ-16, and there is & very great
pudﬁuqmmmmudﬂmtfamwu.wﬂmmaﬂmmw
pnhwaysoldiffm:conducﬂvlqinmepwdbythehole. The results from just one hole are
mumymdpmamm.Mghwmmwymtamamme.mm
mmmwuwnummwmmmmwmaw

conclusion.
The Piston Flow Mode! (from Yang's bandout)

Cou() ® Cinlto - Te'kT |
The Well-Mixed Mode! (from Yang's handout)

ACIAs = Qi Cin(WWV » QoutC(WV - KOO

cnut-outpmmgnq:don
Cmdmmm

T a residence time

k @ tritium decay consunt (693212
132 & balf life.

Qi *echarge flow rate

Qoq; = discharge flow rate. <

L
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I certalaly do oot have aay problem with their calculations, but I do question whether o act
residence time {s more imparuant than travel time. This will be critical
mywmmmmme. cspecislly fn dmes of

mmhmhmhlmulnud&we(ulmthmlwed)fcso-oddymuyu
that there is an escape pathway from which it leaves the area. The major question then is
WHERE and HOW MANY pathways are there, end HOW CONDUCTIVE are they? Thisis s
question I fear is not being adequately addressed, for even if there was a loag residence time for
water, it has to be leaving the site 10 maintain an equilibrium between recharge and discharge.

An important {ssue for risk assessment and effects on the environment is the actual trave! time
during exiting of the site, and in what direction or directions i3 it moving. This information
seems t0 be lacking and no amount of sophisticated modeling will answer these questions
without some real subsurface starting data and model-calibration data about real pathways.

I must confess that I do not at this point have a suggestion as how to go about finding this

information other than intensive and expensive drilling. Perbaps as aa exploratory geophysicist,
you may have some ideas. o

dune Eabrvka-Martin'g Talk

Her conclusion about work she and Alan Flint are doing concerning the infiltration rates
determined with C1-35 are interesting. They maintain that the S 7 mm/yr rate in the rooting
zone, and the 0.01 to 0.8 mm/yr rate below the rooting zone are due peimarily to the
transpiration effects of plants which draw water down from the surface.

I would like to suggest that this might also be due to the fact that in the oot zone, the soil Is
often more permeable than below. This could also be & factor.

Their evidence for fast transport paths inctudes the discovery thas fluxes determined by chloride
mass-balance methods exceed maximum possible matrix flow for overlying welded tuffs.

My immediate question {s about the possibility of fractures which shunt the water faster than
matrix flow. The next question I pose is this; Would it be more feasible to use fracture models
for the worst-possible case scenarios of transport and escape, than trying t work with double-
porosity models which include both fractures and matrix flow. Elther is difficult enough in its
own right, but combining the two makes it even more difficult. However, in some Cases double
porotity models may be necessary due to interchange of water betweea matrix and fractures.

Finally, the residence time estimates of anywbers froen 100 to 700 ka are uscosrectad, and the
real ages are not certadn.,

wwmammmumu»wmomawm
betweea the dates gottea by C1-36, C-14, and H-3, This s & basic kind of research which should

be undertaken {n arder to improve the accuracy and coafidence in the various methods.
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T agree with Al Fiot thasthese three Lokopes should be analyzed froc the sae spots €24 the
same samples. ‘

Ididnmwmuchmoutdthhnmhmlmmbewdnzhubmmbm It seemys that in
thelnna-v&khchunmmmodehudtwuhdduwmmlhltm. T will bave 1o aay
that the project is ambitious, and I an pleased at his admittance of the following uncertaintioy,

A. Hydrological characterization of major faults:

mamummmasaunnmmwsmmmmm
members are 1, S, and 10 microdarcies respectivel » they will have trouble adjusting 1o the
md&duud&um&nmymhmcmumybedmmhmeﬁm.

lmmummmmmmmmwm'wmumm
mmwbedim His answer was "yes", It is not clear to me that this is entirely

B. Relative permeabilities of fractures: -

This is one of the most difficult of problems. 1 do not believe that cne can do & decent job of
determining permeabilities of fractures unless it is done In-sit. This requires testing of
boreholes, and constructing them especially for this task.

The equipment exists, so I understand, for drilling very clean holes, and air permeability tests are
being run as we saw oa the Seld trip. But it will take & lot of daw of this kind to be meaningful
for a model.

m«mxmummmmwmmwqu
that could take place &t some later time. 1do not believe that they have & good feeling about this
qQuestion at this time.

C. Relative permeabilities of rock matrix:

This question can be answered much more easily than the previous one. Laboratory testing, like
mmmwummwmmmmmms@mgmu
tested in the lab. A lot more work should be done in this area until it {s felt that the matrix
permeability throughout the mountain is sufficienty known. This will take time.

' D. Continuities of layers and sublayers:

This is the biggest problem. How well connected and how permeable are the disconnected parts.
This goes back to what I discussed above about the crucial aature of knowing mare than is

known now about the location, aumber and hydraulic parameters of potential escape pathways
before the modeling can be truly effective.
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Mymnmmmmmummmxmumwmumwmmqw of the
data put into it. Mmamwammunmmwmu«mmgm
major fsults, and to predict possible sites for sew wells, the actual values of parameters such as
hydraulic conductivity and ground-water flow pathways, now and under furure climatic
conditions, are most necessary.

&all Petezman's Talk

Again, a3 {n a previous talk eartier, the fact that some of the wells were not drilled or later
mmmcm:mmmmmumydmmwmwm
talk. Foreign water, heavy metals and cement in the well UZ-14 caused obvious difficulties.
The talk gave s good description of how Srin Calcite (as & substitution) can give a picture of
the strontium conceatration when the calcite was precipitated. It also discussed bow both
Uranium and Stroatium can be used as tacers in ground water. More work should be done with
these isotopes, and I was glad to see that both background Sr and U values at the Test Site and
vicinity had been obtained over a period of time.

Even though the St values in tertiary water are about 35% lower than in caleite and UZ-14

water, and U-234/U-238 vary by seven times, it is unclear to me at this point just how efficient
theaes isotopes would be as tracers when compared to tritium and other substances. Uranium-
234 {3 preferentially dissolved in oxidizing water, and it seemns to me that this is & problem not
unlike the noa-conservatism of certain other tracers where the actual amount in solutioa varies

along the flow paths. '

I believe mare wark 15 needed to answer mare basic questions before much relishility can be
place on these methods elone. Perhaps they can be used In conjunction with other methods. In
fact, if at all possible, several reliable methods should be used on the same samples in order to
‘check consistency of results, and to calibrate the various methods with each other.

Boundable Riscustion

(1) Alan Flint gave an ad-hoc preseatation sbout recharge and his statement "that it takes a large
precipitation event to push water in the fractures 1s probably true, at least as far as is known. 1
believe he knows what he s talking about. Hae also said that at the north end of the block, the
infiltration rate {s high due to matrix flow alone, regardiess of the fractures, but the volume is
very small,

It scems to me that this ig still & pressing question. And an additioaal question, is how much gets
into the mountain. Even if little gets in due to surface recharge, there is the big questionof -
subsurface flow into the mountain from other places surrounding the mountain.

Again, the above conclusioas may not be true for results of climatic change.

(2) The question about error bars surrounding data polints that was ralsed by Marty was
answered well, I think, Ralston Barnhard of Sandia, Al Yang and Zel Peterman of the USTS all
stated that their data that was presented were the result of several analyses.
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a)mqwdonofhmdondwuk.dmmdmulum;mm ts was raised

U in the December meeting, LmyﬂnyendefmdedmeUSGSeﬂauull:gmﬂon.uhed‘i%m
- thea. Istill wooder how much pressure the USGS is getting from DOE which provides the

funding. Ibwdn{herohuquelymubpnwuwunﬁngvsosmmdwnmm

pumgm.umuywmmmmm.mdmmmy

serve 10 “pad” the USQS investigator's publication records. Another comment § beard was thar

the contractars arc now calling the shots, and that they have Hetle interest in the more scientific

approaches.

!donmmwhawmthmmmmenum.bmlmmmu‘mhmfum It
mwmeMmUSGShddumcmmmcwo&dm&ehmmm.bmkudm

somewhat hampered by DOE bureaucracy.

An example is the tracer facility using the C boles that we visited on the field trip. Here, the
investigators are tooled up, but having to wait for more than & year to get started because & pump
was not wired up correctly. This sounds like pure nonsense to me. 1can appreciate the
gu;:wonauscswpmmmmmmmammmmwtmm

Finally, your question, "Is the travel-time investigation doable™?, was not really answered. If it
is not "do-able", then no valid statement can be made about the safety of the repository, and I am
sure that it will not fly unless that question can be answered. :

Ihe Ficld Txip
(1) The visit to the two faults was quite interesting, and it seems appareat that Hitle water if any
is getting into the block via these faults. The big question is whether or not the faults will ever

move and what damage that could cause. I fear that I am not qualified to discuss this question,
and will have to leave ft up to the tectonics and seismic people, as well as the risk assessors.

(2) Just to reiterate, I was very disappointed to see the USGS tracer experiments held oa ice
because of the wiring of & pump, This seems like & waste of money. Ido not know why this is
being done, pechaps DOR thinks other work is more important. Traditionally, the DOE has
treated the USGS people like errand boys, and given most of the "goodies” to the national labs.

(3) The oaly other criticism I have is the exploratory tunnel. Pechaps 1t will reveal fractures and
other water-laden pathways into the repository area, but can these features and their chemisry be
adequately determined with the mechanical setup they are using? I am not sure about this. This
one activity of boring the tunnel soems lke an extraordinarily expensive exercise where there is

80 much more scientific data that should be obtsined. ~

(4) Iam worried about the outcome and upshot of the PPA. Will DOE now carry the ball aloae
on this project. The question must be asked of DOE if they intend to ignare the advice and
needs of the other investigatocs, and the public and go shead with the project at full speed. can
sce real trouble hrewing for DOE from complaints from the scientific community, and

9
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-

especially from the State of Nevads, if indeed, DOE docs take the "damn the torpedoes” attitude.
Will they get sapport of Congress to go thead and develop the repository? This needs to be
hashed out. , ‘

(5) Finally, my own opinion, for what it is worth, is that Yucca Mountain is not 8 good place to
put high-level radicactive waste. I pointed cut my argument in my letter to you afier the
December meeting. It may turn out that the extra effort and expease involved in determining the
travel time and pathways of escape may be 00 expensive 1o continue considering the site :
altogether, especially considering the fact that over $6-billion bas already been speat.

Uywhwmqudmmcmwmmu.pm«nmnm
(317) 494-3699, or at home at (317) §67-2578.

i

Darrell 1. Leap
cc: Lynne Dearing, ACNW FAX: (301) 415-5589 -
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