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PROCEEDINGS

CHAIRMAN FARMAKIDES: We will begin.

May we have the same panel back on the witness
stand?

Whereupon,

JOHN S. RODGERS, WILLIAM J. SHELLEY, H. K.

VAN POOLLEN, AND H. J. GRUY
resumed the stand and, having been previously duly sworn,
were examined and testified further as follows:

CHAIPMAN FARMAKIDES: Mr. Kinsey, I think you were
interrogating yesterday. I think you said you had one last
guestion that you might or might not pose.

You may proceed, sir?

MR. KINSEY: May 1 expand on my one question, sir?

CROSS~-EXAMINATION (Continued)

MR. KINSEY: Mr. Shelley, getting back to your
typical analysis, Figure 1, I believe you indicated yesterday
that 340 times 10°8 microcuries is the average or a typical
concentéation in the waste stream,

With an application granted, what limit, what
upper limit, would you propose on radium concentration in the
raffinate stream, assuming there was the need for some
standard?

MR. SHELLEY: We believe that we ought to adhere

to the 2,100 because of the factors 1 explained or described
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yesterday in the absence of some standard in a relation that
might be proposed in the future. This is not being released
to unrestricted use, or we start with that presumption, and
we feel we ought to hold to the higher limit.

MR. KINSEY: 1In other words, you would set the 2.1
times 1072 as the upper limit above which the radium con-
centration would not go?

MR. SHELLEY: Based upon what I know now.

MR. KINSEY: 1In the 1972 application, as I recall
the word "storage" is used as opposed to disposal; am I
correct?

MR. SHELLEY: I believe so.

MR. KTNSEY: Does the word "storage® to you
connote retrievability?
MR. SHELLEY: It certainly suggest it. VYes, 1
would say that it certainly suggests it.
MR. KINSEY: Do you at any time envision retrieving?
MR. SHELLEY: 1In the absence of a demonstrated

accident, no.

MR. KINSEY: 1In the event of a demonstrated
accident, how would you propose to retrieve the waste water
already injected?

MR. SHELLEY: As the geologists have suggested, we
would backflow the well until the loss of fluid stopped.

DR. BABCOCK: What do you mean by "backflow"?
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If I understand their terminology

they merely take the pressure off the well,

the pressure that has developed, change the connections on ilhe

pumps and remove the fluid until loss of fluid from the

reservoir ceases.

DR.

MR.

DR.

surface?

MR.

DR.

1 surface?

MR.
which you have
DR.

the surface?
MR.

DR.

BABCOCK:

SHELLEY:

BABCOCK:

SHELLEY :

BABCOC. :

SHELLEY:

reversed.

BABCOCK:

SHELLEY:

BABCOCK:

The pressure where?
At the wellhead.

You are taking the pressure at the

Right.

And letting it flow out to the

Right, back into the pumping systen

The normal water level is not now at

That is true.

Therefore you would not be taking

the pressure completely off.

MR.
completely off
DR.

MR,

may be necessary.

SHELLEY :

You would not be taking the pressure

unless you pumped it down.,

BABCOCK:

SHELLEY:

Right.

Which I understand you could, and it

At least you would remove fluid until the

indicated loss of fluid from the reservoir ceased.
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MR. VAN POOLLEN: To me the term "backflow" is not

limited to just merely taking off press.:2 at the surface.
It just means you reverse the flow, ta® t out.

DR. BABCOCK: As distinguished from putting a second
well in a mile away and pumping a fluid into that second well
and washing it out? That is not what you are talking about
by "backflow"?

MR. VAN POOLLEN: Backflow as we use the term in
the petroleum business on our water injection, where we inject
water for a certain length of time and then we say let's
backflow the well for a whi .e to clean it out.

MR. KINSEY: Mr. Shelley, along this line of

nwgn ol & puon S 4n o o . “ Py | St B SR Tp——. gy
p questioning feel free to consult any otlier meimwers ok the

panel as necessary.
Would you envision any instance where it would

regquire a pumping out of the entire amount which had been

| injected?

MR. SHELLEY: As you know, I am not =-- I have no
experience with reservoir engineering. I have never heard of
an instance requiring that measure of retrieval.

CHAIRMAN FARMAKIDES: Excuse me, Mr. Shelley.

Anyone on the panel can answer- - the guestion.

MR. VAN POOLLEN: Could the question be restated,
please?

MR. KINSEY: Can you envision any instance where
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it would be necessary to pump out everything that had been
pumped down?
MR. VAN POOLLEN: No, I cannot envision that.
MR. RODGERS: No.

MR. KINSEY: Would it be possible to bring back up

| everything that had gone down?

MR. GRUY: It would be possible to get a large
part of it but it wouldn't be possible to get absolutely all
of it because some of it is mixed. Some of it wets the sand
grains and if you wanted to go to the expense, you could
produce a lot of the Arbuckle water that was partially
diluted with it but you could never get the last trace of it.

MR. KTNSEY: Tn other words ¢ get all of it you
would have to pump out a lot more than you put down.

MR. GRUY: Right.

DR. BABCOCK: Could I interrupt just one second?
Let's suppose that you pumped out as large a volume of water
as you pumped in. What would be your expectation as to
recover§ of the material of the salts that you put in?

MR. GRUY: 85 percent?

DR. BABCOCK: Thank you.

MR. SHELLZY: May I add something there, sir. When
you say "the salts you put in," as I stated yesterday, the

uranium and thorium is going to precipitate with the neutrali-

zation ot the acid solution. From what I understand of the
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mechanism of this precipitation in that media, I would not
expect to get any of the uranium or thorium back.

MR. VAN POOLLEN: My answer circumvented that
ques~ion. I was just assuming that it was all the same. If
there has been a reaction and some has grouped out, of course,
you wouldn't get that.

DR. BABCCCK: I thank you for your addition, Mr.
Shelley. It is very helpful.

CHAIRMAN FARMAKIDES: Mr. Shelley, I am not clear
on this. Your supplement to Mr. Gruy's answer to Dr. Babcock's
guestion -- I think you stated there would be precipitation.

I assume from what you said that the precipitation would
oCcur in the well.

MR, SHELLEY: Yes, sir.

CHAIRMAN FARMAKIDES: Why in the well?

MR, GRUY: In the formation.

CHAIRMAN FARMAKIDES: Why in the formation?

MR. SHELLEY: The mechanism is thnat it is now
dissolQéd because of the highly acidic state of the raffinate
as produced. The acid concentration is approximately 1 molar.
A 1 molar concentration is a pH at zero, which is a stronger
acid than most folks are exposed to, ever.

CHAIRMAN FARMAKIDES: What causes the precipitation?

MR. SHELLEY: When that degree of acid hits the

dolomite in the formation rock, it will produce a mizture
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probably of calcium nitiate and calcium bicarbonate.

CHAIRMAN FARMAKIDES: It is the reaction to the
dolomite?

MR. SHELLEY: Right. That removes the acid thus
permitting uranium and thorium to precipitate probably as
hydrous oxide.

CHATRMAN FARMAKIDES: Excuse me, Mr. Kinsey,

MR. KINSEY: Mr. Shelley, in the event your appli-
cation is granted for deep well disposal, what would you intend
to do with raffinate retention ponds which are presently
in place?

MR. SHELLEY: As 1 say in the monitoring secticn
in my written testimony, folldwing the advice of Mr. Cruy and
Dr. van Poollen, we would use about 3 million gallons of the
neutralized raffinate to confirm the reservoir limits,

As you know, we have been using some waste -- some
available heat to warm the raffinate ponds and secure a
degree f evaporation. 1In addition, we are installing a
submerged combustion burner for the purpose of evaporation.

Now, you add this all together and assume that these
five sequences are done, let's say, arbitrarily next appear.
At that point you have probably gdt g oh; at most 2 to 5
million gallons left in those raffinate ponds. You would
stop adding because you are now using the well for the acid

raffinate,.
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What we do =-- I would have to suppose a spacific
condition of each pond. 1Is it uniformly distributed? Is
one pond down lower than the other so that the solid that
has precipitated is available and drying? Is next spring
going to be as wet as this spring was in Oklahcma?

At some point we would permit this material in the

pond -- it is essentially some fluid and a lot of precipitate
and there is some sand in there and some calcium precipitates.
wWe would deliberately take it to dryness in some manner
and remove -- well, when I say "to dryness," it is not going
to dryness. It is going to be a wet cake and we would
remove it and examine it for radionuclides and, if possible,
bury it on the site. 7Tf not, either arrange for commercial
burial or return it to our mill for addition ~- for rework
and eventually recycle back to use, probably.

MR. KINSEY: Would you, then, say, £fill in the ponds?

MR. SHELLEY: No, sir.

MR. KINSEY: The ponds would still be in place?

MR, SHELLEY: Yes, sir. 1In the event that something
stalled out on the well, we could always go back to using

the ponds.

. : MR. iSE In your own estimate, what is the

expected plant longest for the Sequoyah facility?

MR. SHELLEY: 1 answer to that guestion, in the
Ace-Federal Reporters, Inc "
25, environmental report we put in 30 years, to the year 2000.
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1|l 1t is problematical. The plant itself can operate longer.

2} 1t depends upon the market and the availability and the need,
3| 1 think.

4 MR. KINSEY: How long do you propose to monitor in
5“ the manner set forth in your testimony?

6 MR. SHELLEY: I don't think we have covered that

7 with these gentlemen here.

8! MR. GRUY: You would have to monitor as long as

9| you inject it.

10 *n, KINSEY: Not after?

" MR. GRUY: If you quit injecting, you would still
‘2tmonitor, yes.,

i MR. KINSEY: Are we talking abuul monitoring the

14 well for the half life of the radium 226, which is 1,600 years?
18| MR. GRUY: I don't think so. I think you would
‘6y>want to monitor for several years after you quit injecting

17 | to periodically test what your pressure condition is in your
18 | reservoir and inspect the surface.

‘9ﬁ MR. KINSEY: 1Is there any way with certainty that
l;you could walk away from the well in 40 or 45 years and be

2‘L assured that there might not be a later escape in 200 or 300
22“ years?

23" MR. GRUY: Certainly you can walk away from the pits

24“ and be sure in 200 or 300 years it wouldn't be somewhere,

Ace-Federal Reporters, Inc ||
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either -- there is no way you could do that.
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CHATRMAN FARMAKIDES: Why is that in view of the
fact you are going to precipitate out most of the radionuclide?

MR. SHELLEY: We are only precipitating the uranium
and thorium, not the radium.

MR. KINSEY: I would like an answer to my earlier
guestion, Mr. Gruy.

MR. GRUY: I realize 1 answered your question
indirectly. This has been =-- this area 1s no doubt not within
the circulatory pattern of the groundwater with this high
salinity. It is 50 miles updip in this formation before it

comes to the surface, or more. Then from here it goes down-

' dip and it doesn't come to the surface until up in the

ey

arbuckle Mountains. This area is surrounded by faulte and
we think that we have proved and will continue to prove with
the monitoring that it is isolated there.

I don't think there is any way for it to get out
except that the pressure be built up in there high enough to
rupture it. By monitoring while you are injecting and after
you quit injecting, you could assure yourself that you
haven't ruptured that tank. I think it would be safer than

it would be anyplace else in the world.
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MR. KINSEY: Mr. Shelley, does Kerr-McGee own all
the proposed disposal formation, or have control of all the
acreage which is over the proposed disposal formation?

MR. SHELLEY: It has control over the aerial extent
to which we expect the raffinate to progress. For instance,
to the north boundary and to the east one and well out toward
the west one. We do not own the land cr the entire fault
block.

MR. KINSEY: Such that another company could come
in and drill a well and conceivably inject something into a
hole?

MR. SHELLEY: Yes, sir.

MB. RINSEY: Could this not conceivably bulld up
pressure within the formation, additional pressurce?

MR. GRUY: If somebody injected into the ground
in this fault block, it would build up additional pressure.
of course, we would object very strongly if somebody asked for
a permit to inject into this fault block.

MR. KINSEY: Supposing they were given a permit
and allowed to inject. What effect could that possibly have
on the waste water in the Kerr-McGee?

MR. GRUY: Well, it would build up the pressﬁrc MO Y
rapidly than this injection would build it up and it would
force the waste water injected in the Kerr-McGee well back

from the -- there would be an interference from the two
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2mil injection points and it would hold the progress of that front
2| back along the side toward the well.

. 3 MR. KINSEY: Could that increase in pressure lead td
4!l a possible significant build-up such that it might rupture

5! eor fracture that fault?

6 MR. GRUY: It would be directly proportional to the

7! amount injected.

8 MR. KINSEY: In other words, you are saying if

9 additional pressure were built up through some other scurce,
conceivably a fault could be fractured within that bleck?
n| MR. GRUY: Conceivably it could be fractured if
12! pressure was built up from any source. Another well would
. i3 certainly increase the rate at which Lhe pressure would ko '
14 built up and increase the danger, there is no question about
15 that.
‘6; MR. KINSEY: I just have, I think, one more series
17 of questions. On page 4 of your testimony, the first full
18 | paragraph, the first sentence. I think you have indicated
19| before -- you state that initially a program to confirm the
20& model would be conducted. Then on page 5 you say -- which is Jhe
2‘ﬁ last sentence in the incomplete paragraph on the top of the
. 2211 page == "in the vicinity of significant mismatch of actual and
23| model predictions additional consultation would be arranged
24h to involve the ongoing program." At this point if such a

Ace Federal Reporters, Inc

mismatch occurred, would you cease pumping operations?
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3mil 1 MR. SHELLEY: I would expact so. That would

2!l depend upon the tyve of mismatch.

. 3 © MR. KINSEY: What would you do in the event that the
4 initial testing program was completely mismatched to the

5 model, in the event such an occurrence happened?

6! MR. SHELLEY: We don't even believe that is within

7, the realm of credibility., If our understanding of what these

8! two people can do with this information is correct, this

l
9‘ sequence of injections will meet their need for additional

'OG information to build a model that fits the reservoir exactly,
i
"ﬁ more exactly. Then when we switch to the acid injection,
17% as I said yesterday, you are going to change that reservoir.
. i3 MR, KINSZY: Could such confirmation of the model

14  be had without injection of raffinate? What 1 am saying is,
15 couldn't you inject a substitute for the raffinate and get a
16| clear confirmation on the model?

‘7‘ MR. SHELLEY: As you know, the proposal to inject
18 pond raffinate is almost -- we are cleaning up the formation

19| water. We are diluting the radium concentration in the forma=

l
20& tion. Of course, you could use straight water, river water.
2‘& I suppose you could use oil.

' 2| MR. VAN POOLLEN: It would be the same.
23 MR. KINSEY: One final question, again going back

i
?4h to the upper limit which we discussed for the typical radium
Ace Federol Reparters, Inc |

25! concentration, which would be 2.1 times 10 to the minus 5.
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232
, 4mil 1l 1In light of the upper limit and in light of, T think, you
i 2! pelieve that a conservative approach need be taken here, would
:
| . 3| you not consider Dr. Sternhagen's analysis of the dilution
I
|

5| pelieve that should be based on an upper limit as opposed

6 to the typical other limit if a conservative approach were to
| 7!l be used?

8! MR. SHELLEY: I hadn't given that any thought.

9! I would expect to monitor it. I think the upper limit would

) 10 be restricted to a situation that I do not now foresee, As 1

! N am sure you lnow, the future pattern of the source of feed

‘2L materials for a conversion plant is completely one of crystal

-
o

ball gazing. Sooner or later, people inform us == Lie ALC

14 has made studies. At some point, we are going to have to impogt

‘5’ uranium. The quality of milling carried on in Australia or
! 16| gouth Africa or other places is problemmatical. From what
17 we have seen of domestic mills and the mills in Canada, we

18 will never approach that upper limit. I do not know how to

'9! answer your question.
20 MR. KINSEY: I think you have answered it
sufficiently.

Mr. Chairman, I have no further questions.

. 22

23 CHAIRMAN PARMAKIDES: Thank you, Mr. Kinsey.

z‘f Dr. Babcock has a saries of questions.
Ace-Federal Repaeters, Inc |
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you the mechanism whereby you concluded that there were no
leakage -- that there was no leakage through the various boun~-
daries that you described. I am not interested in great
detail. Would you please give the major steps along the line
by which you reached that conclusion.

MR. GRUY: As you know, we built a mathematical modd
of this reservoir with properties assigned to each tiny block
over the thing with impermeable blocks put at various
distances =--

DR. BABCOCK: This was your first assumption, that

the blocks were impermeable?

MR. GRUY: At a certain position. Then after
dctermining the position of theose imparmeablc blocks that most
nearly matched the conditions that we had observed, the inflow
and the back flow and the fall-off in pressure, we then
assigned those limiting blocks for permeability and found
that when we assigned them permeability we didn't get as good
a matqh. Now, with .01 of a thousandth of a darcy, we got a
pretty close match. When we came to .l of a thousandth of
a darcy, there was a significant difference in the pregsure.
That is the basis on which we say that these boundaries are
not only impediments, but they are seals.

DR. BABCOCK: And T believe that you showed in your

graph that the points that you calculated after you had

assumed a porosity always fell below the points that you were
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calculating when you assumed nohleakage?

MR. GRUY: Yes, sir.

DR. BABCOCK: 1Is that not an inevitable result?

MR, GRUY: Yes, because if there is leakage off, the
pressure has to be low.

DR. BABCOCK: Now, then, let's leave that model and
see if we can construct another route that you could have
gone. As I understand your model, you went down the route of
first assuming no leakage. Then you introduced leakage as a
calculated parameter and found you got a poor fit?

MR. GRUY: Yes, sir.

DR. BABCOCK: Let's go the other way around. Let's
first assume that the poundary has a leakagye. You then ged
your best fit by moving the boundaries to a new -~ to wherever
they are. Then having gotten the best fit, you could have
then assumed, I believe, that the boundaries had no leakage
and gotten an answer in the opposite direction and would then
either have proved or disproved that there had been a leakage.
Did you do the alternate route?

MR. GRUY: We did not.

DR, BABCOCK: Would that have been an acceptable
route to go down?

MR. GRUY: Well, we == the truth of the matter is

that raults are nearly always sealing. They are not always

sealing and you can't assume that they are. But most, or a lay

g
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part, of the oil field traps that we work with are fault

traps and have faults. these faults are sealers to gas, gas
being, of course, more fugacious. So I think the mere fact
that we are showing the kind of defects we are showing in the
curve that we presented, or a change in flow shows that there
is not flow through that. Now, I can see your point, but that
is not the way that we operate because of the fact that the
faults are most generally sealing.

DR. BABCOCK: I accept your answer that that is not
the way you went. Would it have been an acceptable way to get
the answer, whether there was leakage or not leakage?

MR. GRUY: I never have tried it that way. 1 don't
know wiial probleins we would run in

DR. BABCOCK: Mr, Rodgers?

MR. RODGERS: I might be able to offer something thd
is helpful in regard to the approach of determining boundaries
and determining whether the boundaries were leaking or not in
regard to your question. That ié thie. The sequence of
events are interrelated. That is to say, the radiocactive trace
survey data were conducted and this gives our first key or
clue in regard to the counterflow that is mentioned in our
testimony as to an abnormal pressuring of the lower layer.
Now, this indicated to us that this was layer five and it is a
limited layer, because of the counterflow evidence. Then in

the sequence of events we next started examining our early time

: 4

opf e e e e T e e
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pressure data as we show on Exhibit G-5 and trying to

detect evidence of the nearest impediment reflection which wou
have to occur through the most permeable layer, number five,
then at that point this was our fulcrum point or our anchor po"
in pursuing the model analyses in regard to boundary descrip-
tion. In other words, this gave us our first boundary to
anchor on, which is the nearest boundary in layer number five,
and then we proceeded from that point to add additional no-floy
or impervious boundaries in layer five and then accordingly
in the other layers.

The logic of the solution to the problem was such
that we did consider the impervious condition in order to matc)
in with what we saw in the counterflow cata on raalivaciive
tracer surveys.

CHAIRMAN FAREAKIDES: What you just said, sir, would
that just as well have supported the question posed by Dr.
Babcock, that your first assumption could have been that you
assumed there was leakage rather than assuming there was no
leakage? What you just said, Mr. Rodgers, I think would
support that,

MR. VAN POOLLEN: Yes, because he moves the bounda-
ries back in. 8o you started off by having leakage in one layqr

CHAIRMAN FARMAKIDES: That's right.

MR. VAN POOLLEN: So you brought it back?

MR. RODGERS: Yes.
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CHAIRMAN FARMAKIDES: Excuse me, Dr. Babcock.

DR. BABCOCK: Go ahead. It makes no difference.

MR. GRUY: Actually to some extent we did what he
says.

MR, VAN POOLLEN: That is what we did.

MR. RODGERS: That's right. I understand your
point. That's correct. I was thinking more in terms of the
layer number five, which is very small and limited in arca as
indicated.

MR, GRUY: Pirst we assumed they were all leaking
and then we moved the boundaries in.

DR. BABCOCK: Could we now turn to Exhibit A, Mr.
Giuy's rtepuil of May 1, 1972, I would like to speak with
reference to Figure 14, I will consider in this next ques-
tion only the points which are labeled "X," which are the
calculated best fit for impermeable boundary. I will
also speak about the points that are labeled with triangles
and are the calculated east boundary with a leakage that is
related to the number 0.l1. A little while ago we established
that the triangle fits, which are the points related to leak-
age, of unecessity must always be below the "X" fixes and we
find that they are always related. 1Isn't the inevitable
result that we automatically get a poorer fit to the measured
data by that method?

MR. GRUY: That's right.
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DR. BABCOCK: Now, then, how can we say it is not
the logic of your argument that inevitably, the way you
calculated it, you are going to get zero leakage. That was
the assumption you started out with and you merely confirmed
it.

MR. GRUY: No, sir. You see, the actual pressures
are higher than we checked.

DR. BABCOCK: Say that again.

MR. GRUY: The thing that stands out here is that a
leakage has got to make these pressures lower than they
would have been without the leakage. Our actual measured
pressures, the circles, are always higher.

DR. BABCOCK: Not always.

MR, GRUY: Well, they are higher in this poox
fit end down here.

DR. BABCOCK: They are higher in one end and lower
in the other, You said they were always.

MR, GRUY: I mean in ghe late time region == you
wouldn't have a boundary leak in the early time region
when it is right zlose to the well. You wouldn't have a bound4
leak until the pressure moves out to your boundaries. So you
would be looking for a leak out here. Well, we couldn't
match this late time thing, but anything we do to put a leak
on it makes it worse.

DR. BABCOCK: Inevitably.

MR. GRUY: Right.

Y
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DR. BABCOCK: All right. Let me take a different
line of attack.

When yvou established your original boundaries you
assumed a boundary. You then made a calculation. You found
that the calculated result was not an acceptable one. You
adjusted the boundaries. You got a new calculated result.
You kept on adjusting your boundaries until you got the best
fit boundary location.

MR. GRUY: Yes.

DR. BABCOCK: All right. Now, then, when you put
a new parameter in the situation you were calculating, which
was leakage, why did you not then search for a best fit the
next Lime?

You have already said that inevitably you were
going to get a poorer result. Why didn't you then search
for a best fit?

MR. GRUY: Because it appeared to us that anything
that any leakage is going to make the pressures lower., We
already can't calculate them as high as they are.

DR. BABCOCK: But we know how to adjust that. You
merely adjust your boundaries.

Mr. Redgers?

MR. RODGERS: 1If I may add, Dr. Babcock, the
problem that revealed itself in the procedure which we took

was that we did not £find toial closure of all boundaries. In




Layers 3 and 4 I think the best we could say during the test
time was that the diffusivity allowed us to -- at that peint

we realized we had a system in which we had almost total

closure, but we couldn't substantiate in Layers 3 to 4.

I believe we still had an open direction insofar

as the pressure analysis was concerned, S0 we were in kind

of a situation where we would desire additiconal -~ testing
additional transient pressure time as we recommended or
planned to de in the monitoring program during the initial
phases and further substantiate the boundary conditions.

DR. BABCOCK: I don't know whether this is quite
along the line you are going down or not, but I want to
inject ancther question and I believe it ie along the line
you are speaking about.

After you had gotten your best fit, assuming
no leakage, do you then retain those boundaries in their
identical position?

You then assume leakage and still retain those
boundaries where they were. Had you adjusted those
boundaries to some new best fit, would you not have gotten

| a better fit than the triangles that vou indicate on
. Graph 147
i MR, RODGERS: I don't believe we would have,
frankly. There are two things which will influence our

Ace Federal Reparters, Inc [
- : fit and that is the pore volume and pore volume distribution
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from an aerial aspect.

The other influencing factor on our fitting
technique or fitting procedure is the shape of the
reservoir system or the shape of each layer with respect
to the well location.

Based on -- quite frankly, based on our
pursuance of fit, we did find that we were getting into a
very sensitive realm of boundary adjustments as we do
discussing this test.

In other words, we find that some of these
boundaries ~ould not be manipulated over large distances
in trying to obtain the fit.

We get 1nNto a very narrow distance faiye ol
possible boundary positions in the fitting.

DR. BABCOCK: I take it that this is your statemeng
as a professional in the field, that adjusting the boundaries
for the triangle points in the case of leakage would not give
a better fit than the fit that ;ou have gotten there?

MR. GRUY: That is our opinion.

DR. BABCOCK: Could I ask other technical experts
here the same thing?

Mr. van Poollen, do you agree with that?

MR. VAN POOLLEN: Yes, I agree with that. You
could move the boundaries some, but the concept is there.

There are sealing boundaries. I1f you make them leak you will
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not get the same response.

MR. KORMBLITH: Mr. Gruy, I would like to ask you
a question or two. You mentioned a few minutes ago in
response to one of Dr. Babcock's guestions that you would
expect the effects of leakage to show up during the latter
part of the shut-in curve.

Why would you not expect them to show up early?

MR. GRUY: Because early you haven't established
any pressure difference at your boundaries.

MR. KORNBLITH: You have a larger difference, I
would think, because this is a shut-in curve.

MR, CRUY: Well, but your difference -~ you see,
you have a transieul situation. Ydou bulild up 2 prossure
rate at your wellhead. Then that pressure moves out. I have
maps in here that shows how much the pressure has increased
at various distances from the well at times.

Please refer to Figure 5,

MR. KORNBLITH: This is in this report?

MR. GRUY: Yes. The pressure distribution and
injected fluid front after five years in Layer Number 1.
These pressures are at 2650 feet.

MR. KORNBLITH: What was the situation immediately
before this run that is shown on the shutdown measurements?

Was not the thing under static conditions or had you just

stopped pumping?
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MR. GRUY: We had been pumping into it so that
we had built up an elevated pressure right at the well.

MR. KORNBLITH: How long 3al you stopped pumping
when you started these measurements?

MR. GRUY: We started to measure immediately to
get the way the pressure falls off as it, of course, moves
out intoc the reservoir.

MR. KORNBLITH: And you say that whether or not
it was leaking at the boundzry would not affect the pressure
immediately and it would take some hours or days before the
effect of this would show up?

MR. GRUY: Yes, down in your later time. Your
initizl part of the curve rgflects conditions right around
your well bore.

MR. KORNBLITH: But certainly at the initial
stages you have higher pressures at the boundary than you
have later on?

MR. GRUY: No.

MR. KORNBLITH: No?

MR. GRUY: No, becausz the pressures don't move
that fast. We are not in a tank. We are in this -- this
thing is a very tightly packed sand body and that pressure
moves out slowly.

MR. KORNBLITH: So if you are pumping on a well

and then you shut it in, after you shut it in the pressure cf
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the boundary continues to rise before it starts to fall?

MR, CRUY: Right., It will never fall. It will
continue to rise, slower and slower and slower, until it
averages out all over, but the pressure to boundary won't
fall unless the it leaks.

MR. KORNBLITH: Now, let me change areas a little
bit.

Dr. Babcock originally asked you to describe your
procedure for demonstrating that the boundary didn't leak
and you described this curve-fotting process. Doesn't that
refer only to that east boundary? Maybe I have missed some-

thing in your explanation. How do you tie down the

£ 5 Y o we s : -~
-~ .

impermeability of the other boundarics?

MR. GRUY: Well, this applies to all of them.

We made all boundaries permeable at the same time within this
model so that any time the pressure was built up inside of
the =-- at the boundary, if there was permeability there
there’would be an outgrowth of fluid.

Now, this =-- at this time this is all really
complicated, but when we once get the pressure out to all the
boundaries and we filled our tank, we get out of what is
called the unsteady state thing into a semisteady state sort
of situation where you will have a material balance.

Fach barrel of injected fluid is going to run up

the pressure in the same amount and you will begin to get -=
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(Demonstrating on the blackboard) -- well, you have a sytem

of some length, a distance here, and the well in the middle.
I1f we have pressure increasing this way and distance down
here from your well, then we say this is the static pressure.

When you begin to inject you raise the pressure
here at the well and around the well.

Now, when you stop injecting, this drops. This
moves out. T his drops and moves out and finally you end up
with a little higher pressure than you had before. But if yoy
wait long enough, it will be uniformly over the whole tank.

CHAIRMAN FARMAKIDES: In other words, Dr. Gruy,
you have indicated on the board here that what we have got
as a system is a cup eitting on its base and then in the
middle you have got a well coming in with a cone extending
from that -- from the bottom of the well, which would be the
point of the well closest to the base of the cup. That cone
would become more shallow as your pressure drops.

MR. GRUY: Right, just like if you had some
jello that sank down with time to fill the whole pan that
it was in., That is the way the pressure moves out.

Now, then, after we have effected all of these
boundaries, when we start to plot we shut down and we
calculate this average pressure from the way this falls off.
Then you will have a -- if you make a plot of cumulative

injection versus pr«ssure, now this plot has got to be a
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straight line rising in this manner, and the amount that the
pressure rises per unit of injection will be a function of
the size of this tank and its volume.

If this curve begins to do this, falling off, it
is leaking.

CHAIRMAN FARMAKIDES: Please articulate that so
that the record can pick it up. That is what T was trying to
do previously.

MR. GRUY: Once you have pressured all the
boundaries so that your fluid is no longer escaping into the
wild blue yonder but it is confined and you have a confined
system, then your average pressure will go up as a function
of injection at a constant amount.

In other words, you will have a pound pressure
increase per "X" number of barrels injected, in your
average pressure in your reserveoir. That will be constant.
The only way that that can vary from that is for something to
happep to the size of your reservoir. If it begins to leak
your pressure per barrel injected won't go up as much
because you haven't increased the volume in your tank that
much. So it will be completely obvious that the leakage
occurred.

MR. KORNBLITH: I think we are getting a little
away from the topic that I started out to ask about.

MR. GRUY: I thought that was your question. I am
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sorry.

MR. KORNBLITH: You say the leakage does not show
up until late in the shutdown time versus pressure curve.
How late is late? 1Is it a function of how far away the
boundary is?

MR. GRUY: Yes, sir.

MR. KORNBLITH: So if there was leakage of the
boundary 5000 feet away would it show up later than leakage
at an 1100 foot distant boundary?

MR. GRUY: Yes, sir.

MR. KORNBLITH: Would it show up if it were at
5000 feet on thir curve at all or would it be someplace out
way beyond the end ¢f thec page?

MR, GRUY: This is 150 hours. We were effecting
some 29,000 feet on this test. But if there was a leakage
close by the profile would be lower.

MR. KORNBLITH: You say that you learned from
this experiment that you could detect a leakage equivalent
to a tenth of a millidarcy but not one equivalent to a
hundredth of a millidarcy.

MR. GRUY: Yes, sir.

MR. KORNBLITH: That applies, then, only to that
nearest boundary. The sensitivity would be lower, would it
not, at more distant boundaries?

MR. CRUY: Yes, but in the model we have put the
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permeability on all boundaries when we ran the thing and
anyplace -- there would he some leakage all along as soon as
the pressure began to increase.

MR. KORNBLITH: But at the east boundary, which is
the one at 1100-odd feet, if it were impermeable and there
were leakage at one of the more distant boundaries, what
would you know about it from the runs that you have made so
far?

Would you know == would you still be able to say
that it couldn't be in excess of a tenth of a millidarcy?

MR. GRUY: It would take more time, more injection
history, to absolutely make that statement.

MR. KORNBLITH: Sc your statement about how tight
the boundary is really only applies to that first boundary?

MR. GRUY: It applies more strongly to the closest
boundary than to the more distant boundaries, yes, sir.

MR. KORNBLITH: I don't quite understand the
"more.strongly” adjective. Your sensitivity, taking it
from this test, is lower at the more distant boundary; is
that correct?

MR. GRUY: You are getting me into things that are
so complicated that there is not any way I can explain them
or even understand them myself because all I can tell you is

how it happened in the model.

We put the permeéhility in all of them. Now, where
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the permeability was in there, more of the leakage occurred
at the closest boundary because the pressure difference was
greater. But there was some leakage occurring 't the

more distant boundaries because there was some pressure

difference.

When there is some pressure difference and some

permeability there will be some flow, but most of the flow
occurred at the closest boundary.

MR. KORNBLITH: That is because you assumed equal
permeability at all the boundaries.

MR. CRUY: Right.

MR. KORNBLITH: Did you make any runs where you
assumed the neareat houndary was impermzable and look at the
effects of varying the permeability of the others?

MR. GRUY: No.

CHAIRMAN FARMAKIDES: Let's recess for ten minutes.

(Recess.)
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Imil 1 CHAIRMAN FARMAKIDES: We will proceed with our line
2 of questioning. I want the Applicant to understand that the

3 Board is trying to develop an understanding of the Applicant's

4 analysis of the configuration of the reservoir. 1 think it
5! would be most helpful if, for example, the answers to the questions
6! are more direct. I would eppreciate that. We h<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>