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l
November 18,1996

,

William Ford i

Hydrologist
.

Overnight mailing address:
U.S. Nuclear Regulatory Commission |

i One White Flint North
'

11555 Rockville Pike
North Bethesda, MD 20852-2738,

RE: Comments on Groundwater Velocity Calculations (12/15/95) at Crownpoint.
|

Dear Bill:
|

Bill, you asked that I comment on your groundwater velocity calculations (12/15/95) for the
Crownpoint area (see Attachment 1) and I am happy to do so. I have attached portions (as4

Attachment 2) of the Geraghty & Miller report (10/7/93) which you referenced in your
groundwater velocity calculation and I have attempted to clarify the materials that have been

; submitted at various times which address the concerns about contamination of the drinking water
'

wells at the Town of Crownpoint.
1

(1) Your calculations showed the transmissivity as being MULTIPLIED by the aquifer
'

thickness, rather than DIVIDED: (5,772 gpd/ft * 0.1337 gal /ft3 * 335 ft). But checking your
results, it appears you divided, as required.

(2) I am interested in the basis for the hydraulic gradient of 70 feet of head in 700 feet of
horizontal distance. I have attached a copy of Figure 8 from the Geraghty & Miller report
(10/7/93), which I believe you used. According to that report, the hydraulic head should be 7
feet (or less) per 700 feet. This would result in groundwater velocities LOWERED BY AN
ORDER OF MAGNITUDE.

This lower velocity is also supported by the summer and winter gradients of 5.6 feet / year and
10.6 feet / year (respectively) as noted on page 5 and on Figures 3 and 4 of the Geraghty & Miller
report (that ponion is attached here under Attachment 2). In addition, HRI's response to Ql/54
(text only is attached here as Attachment 3) showed a groundwater velocity in the Crownpoint
area of 8 to 11 feet / year. I do not believe it is appropriate to use the ultimate drawdown at the
Town water wells themselves, since they do NOT represent the average drawdown or velocities
across the area which the water has to move. -|
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Letter: William H. Ford NRC from HRI, November 18,19%,

RE: Comments on velocity calculations (12/15/95)
3 Page 2
1
'

As you are well aware, pressure differential directly determines groundwater velocities, as
| shown by the 'dh/dL' in velocity equations. The higher the pressure gradient, the greater the

velocity, for the same permeabilities. Potentiometric maps, such as Figure 8 from Geraghty &
,

| Miller (see Attachment 2), provide a way to GRAPHICALLY ESTIMATE (as you did) the
pressure gradient and, thus, to GENERALLY estimate water velocity in areas of CONSTANT4

4

gradient. Yet, as you know, the key issue in contaminant hydrogeology is the pathway, speed

| and ultimate destination of contaminants. Pathlines directly represent that fluid movement.

i Pathline or particle tracking computer programs use the SAME velocity equations as used in
; graphical procedures noted above, but are not constrained by the need for constant gradient over
; a fairly large area. Thus, these programs can estimate travel time through the summation of
; THOUSANDS of velocities along the pathline, rather thanjust one of two points. I have

| attached the pathline plot from Q1/50 (Attachment 50-2) here as Attachment 4. The same
| transmissivity, storage coefficient, and flowrates for Town water wells, used in calculating the
4 potentiometric surface of Figure 3 discussed by Geraghty & Miller (in Attachment 2 here), were
; . also used in the pathline calculations of Attachment 4. This is as you suggested in Ql/54 "It is
{ suggested thatfor the Crownpoint site, in areas without wells, ground-waterflow modeling
| which includes the effect ofallJive community supply wells couldprovide a adequate ,

description ofground-waterflow directions." Thus, if you were to painstakingly estimate and I
'

j sum multiple velocities from the potentiometric surface maps by using the graphical procedure
i discussed above, the limit, as the increment or step size decreased, would be the time values

] shown in Attachment 4. Attachment 4 used ALL of the velocities found along the pathline,
; including the much faster velocities near the wellbore. The result was 90.4 years for the first
! contaminated fluid from the eastern boundary of the proposed Crownpoint ISL project to reach ).

; the nearest Town water well and 1,657 years from the eastern side of the Unit 1 project to reach |

1 that sLne well. These are worst case (fewest years) and extremely conservative values in that
; they do not include any ISL bleed or overproduction to recover this theoretical excursion.
!

The pathline or particle tracking can also be done for the flow system depicted in Figure 8 by
: Geraghty & Miller [and this was done: Ql/50 (Attachment 50-2), here as Attachment 4 described
.

above). However, it is NOT valid to calculate the travel times from the " Ground Water Divide"
^

of that Figure to the Town water wells for two reasons.
% .

! a) Since we are involved in a radial flow system, the monitor wells WILL detect |
any lixiviant excursion. It is not reasonable to consider that the ISL wellfields would be 1

: operated in the same fashion for YEARS after an excursion is detected, until the lixiviant is at, I

and then beyond, the " Ground Water Divide". The NRC license itself will require termination
oflixiviant injection within 60 days (Section 8.7.2, Consolidated Operating Plan, Crownpoint
Uranium Project) if an excursion is not corrected or recovered. This 60 days or 0.17 years is

'

compared to the 90.4 years (Crownpoint) and 1,657 years (Unit 1) for the fluid movement to the
i nearest Town water well, as described above.

<



.

,

.
.,

.

s , ,

Letter: William H. Ford NRC from HRI. November 18,1996
RE: Comments on velocity calculations (12/15/95)
Page 3

b) The " Ground Water Divide" in Figure 8 (Attachment 2) is 400-1000 feet
BEYOND the monitor wells. Since water canNOT travel parallel to the pressure gradient, water
on the monitor well side will not cross that divide. As we increase the wellfield bleed rate, the
ground water divide moves out even FARTHER beyond the monitor well ring and toward the
Town water wells. Much HIGHER ISL bleed rates can be used which will cause the ground
water divide to move even closer to the Town water wells, say within 5-10 feet of one of the
Town wells. In this case at these higher bleed rates, if we were to capriciously assume the
scenario wherein an excursion will somehow move beyond the ground water divide, then the
contaminated groundwater would move to the Town water wells almost instantaneously. This
would lead us to the erroneous conclusion that the HIGHER wellfield bleed rates provide the
LEAST protection for the Town water wells, while lower ISL bleed rates would provide the
greatest protection. The best protection would then be at a bleed rate of zero, or even with
overinjection, since that would move the ground water divide even further away from the Town
water wells. This is NOT reasonable, and shows that the arbitrary assumption of groundwater
contamination at the ground water divide is not justified.

The ISL bleed rates used in the groundwater model to develop Figure 8 were chosen to show that
reasonable and easily attainable bleed rates would protect the Town water wells by causing the
ground water divide to be beyond the monitor wells separating the proposed ISL wellfields and
the Town wells. Obviously, even smaller bleed rates would accomplish this same objective.

(3) I'm perplexed by your use of 0.05% porosity. HRI's porosity estimate of ~25% was
garnered from permeability / porosity reports on the core holes in the area, and there is nothing to
indicate that porosity might be as low as 5% in the Crownpoint area, ESPECIALLY with
permeabilities of 500-600 md. Surely, HRI and NRC should NOT use the generalized range of
5-30% from Cherry's Table 2.4 in lieu of actual porosity measurements on cores. With this, and
the discussion below, I don't believe that a SINGLE velocity value of 1,679 feet / year is
reasonable, and it would be especially inappropriate and misleading to use this to actually
characterize the whole of the velocity vector field in the area of the Town water wells. Using a
hydraulic gradient of 7 feet head per 700 feet distance and 25% porosity (both discussed above),
and the higher 5,772 gpd/ft transmissivity (as you did in your calculations), the groundwater
velocity is 33.6 feet / year. Certainly this low fluid velocity would be easily controllable by ISL
wellfield operations, and loss of contaminated water to the Town water wells would NOT result.

The continued question of groundwater velocities causes concern that additional portions of
Q1154 might still be open. "The NRC staffbelieves that this discussion concerningpre-mining
velocities and the rate ofexcursion isflawed, because should an excursion occur it would move
at a ratefaster than the pre-mining velocuies. The combination ofinjectionpressures in the
wellfield andpotentialpumping influencesfrom nearby supply wells will allow an excursion to
travel at afaster rate than pre-mining velocityfiehl." The issue of greatest concern is whether
excursions will be " lost" to the Town water wells, which subsequently leads us into a discussion
of groundwater velocities. As detailed in its numerous submittals and discussed here, HRI
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Letter: William H. Ford NRC from HRI, November 18,1996
RE: Comments on velocity calculations (12/15/95)
Page 4

believes that it has shown conclusively that the high-velocity field (as characterized by the NRC
above) near our monitor wells does NOT occur. We have tried to show the reasoning behind the
various assumptions used in our groundwater models and to discuss the applicability of the
results to our proposed ISL operations. We certainly understand NRC investigating such a
scenario out of abundant caution, but without some technical justification, HRI cannot see that
this can be treated as a credible concern. However, HRI would welcome the opportunity to
review and discuss any credible hydrologic study or data indicating otherwise, or to model a
particular hypothetical scenario which might particularly concern you, so that proper safeguards
can be determined and implemented. |

In addition, the extensive and successful operating history of URI/HRI in ISL (as well as the
experience in issues of groundwater and contaminant hydrogeology of our consultant, Geraghty
& Miller) should not be whimsically discounted. Our operating personnel also have extensive
experience in groundwater modeling and have run THOUSANDS of design and excursion
scenario simulations for both wellfield design and actual ISL operations.

One of the most useful and instructive aspects of hydrologic models in ISL is to develop j
scenarios which will FORCE or cause an excursion. We do this commonly at HRI to provide I

insight into possible operational problems, need for adjustment of wellfield design, need for
additional operational safeguards or monitor wells, etc. However, when this is done for the
proposed Crownpoint ISL project, we do NOT see the uncontrollable circumstance in protecting
the Town water wells which is alluded to above. Again, HRI would welcome the opportunity to
review and discuss any credible hydrologic study or data indicating othenvise.

With respect to this, a portion of HRI's response to Q4/74 is applicable and is reproduced here --

HRI takes strong exception to the implication that excursions are likely because of the
uncontrollable affects of the Town water wells: "[ moving the Town water wells] wouldgreatly
reduce the influence ofthe town wells on the Crownpoint site wellfielda.d, therefore, reduce
thepotentialfor excursions to occur. It would also have the effect ofincreasing the distance

between the town wells and the wellfield which would allow more timefor excursion definition
and correction." This characteriz' tion makes it appear that the Town water wells will affecta

groundwater velocities in the vicinity of the ISL wellfields and surrounding monitor wells on the
order of hundreds of feet per year, and therefore, if an excursion were to occur, the
contamination of the Town water wells would be imminent. This is not so. The impact on
groundwater velocities at the ISL wellfields and on the surrounding monitor wells by the Town
wells is VERY SMALL. HRI believes that it has shown this through its hydrologic modeling
and explanatory submittals, and that credible engineering studies or data have not been provided
indicating otherwise, which would allow alternate operational plans and safeguards to be
developed if necessary.
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Letter: William H. Ford NRC from HR!, November 18,1996
RE: Comments on velocity calculations (12/15/95)
Page5

The general effect of flowrates from the Town water wells on groundwater velocities in the
vicinity of the Crownpoint project monitor wells can be also demonstrated through the use of
professionally accepted and generally available groundwater models. Whether using particle
tracking, pathlines, or graphical procedures with potentiometric surface maps, pressures changes
and groundwater velocities at various distances from producing water wells can be determined.
This was done below, incorporating the various reservoir characteristics in the Crownpoint area:

2,550 gpd/ft transmissivity
8.6e-5 storage coefficient
0.251 porosity
201 feet thickness.

A single well was used to gauge the affect of widely varying flowrates. Figure 8 (attached as
part of Attachment 2) of Geraghty & Miller's " Analysis of Hydrodynamic Control, HRI, Inc.,
Crownpoint and Churchrock New Mexico Uranium Mines"(10/7/93) shows that NTUA #1 is
the nearest Town water well to the proposed ISL operations to the west at about 1,700 feet. I

Geraghty & Miller found that the well had a flowrate of 27.7 gpm during the summer period of
higher water usage. More distant wells would have even less affect, but could easily be
included. Distances of 1700,1600 and 1500 feet from the producing well were used in the
model. This is equivalent to an excursion at the monitor well (1700 feet) shown in Figure 8, and
100 feet beyond the monitor well toward the Town water well (1600 feet), and 200 feet beyond
the monitor well (1500 feet). Two flowrates were used,25 gpm and 100 gpm, at different times
but from the same producing well, to show the affects of a huge increase / decrease in flowrate.
Drawdowns were calculated using unsteady state flow, while velocities were determined at
steady state to maximize their values. Table 1 shows the results for a well at 25 gpm and Table {
2 for a well at 100 gpm.-
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Letter: William H. Ford NRC from HRI, November 18,1996 )
RE: Comments on velocity calculations (12/15/95) |
Page 6 I

Table 1

Groundwater Velocities and Drawdowns
Caused by Producing Well at 25 gpm

Distance Distance Velocity Velocity Drawdown Drawdown Drawdown

from from (ft/ day) (ft/ year) (feet) (feet) (feet)

ONE day FM gaysProducing MONITOR Toward Toward 'rE ays
Well Well Producing Producing

(feet) (feet) Well Well [ Unsteady [ Unsteady [ Unsteady

(Steadv Statel (Steadv Statel State] State] State]

1,700 At Mon. Well 8.93e-3 3.26 1.5 3.1 3.9
1,600 100' beyond 9.488e-3 3.46 1.6 3.2 4.0
1.500 200' beyond 1.012e-2 3.7 1.7 3.4 4.1

J
Table 2

Groundwater Velocities and Drawdowns
Caused by Producing Well at 100 gpm

Distance Distance Velocity Velocity Drawdown Drawdown Drawdown

from from (ft/ day) (ft/ year) (feet) (feet) (feet)

g[*',y p;j[,y,Producing MONITOR Toward Toward
.TE ays

Well Well Producing Producing

(feet) (feet) Well Well [ Unsteady [ Unsteady (Unsteady
(Steadv Statel (Steadv Statel Statel State] State]

1,700 At Mon. Well ,3.572e-2 13.0 5.8 12.4 15.5
1,600 100' beyond 3.795e-2 13.9 6.3 13.0 16.0
1,500 200' beyond 4.048e-2 14.8 6.8 13.5 16.6

Comparison of the Tables shows a 10-15 feet change in water levels, yet an insignificant change
in fluid velocity. Insignificant in that, if an excursion were to occur, it could be readily |
controlled with0UT imminent contamination of the Town water wells. This demonstrates that |
estimated groundwater travel times from the Crownpoint project to the Town water wells of 90.4 i

YEARS (~33,000 days) shown on the pathline plot from Ql/50 (Attachment 50-2, and here j
attached as Attachment 4) is reasonable, and well beyond the time (60 days) in which corrective
action will be required by the NRC for an excursion. The up and down changes in water level at i

a specific point does NOT equate to a change in velocity, which is caused by the pressure !
i
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Letter: William H. Ford NRC from HRI, November 18,1996
RE: Comments on velocity calculations (12/15/95)
Page 7

differential BETWEEN points. Thus, flowrate changes in Town water wells will NOT cause
;

severe groundwater flow problems at the proposed ISL site. |
|

The impact of the Town water wells on groundwater velocities in the area of the proposed |
Crownpoint ISL operations was also addressed in HRI's response to Q2/76, which is included
here as Attachment 5. The monitor wells in Figure 2 of Attachment A of Q2/76 show as
extending to the vicinity of the Town water well, NTUA #1, and indicate that NTUA #1 would j

be plugged and abandoned (P & A). Since September,1992 (the date of the letter referenced in
Q2/76) the proposed license boundary of the Crownpoint ISL project has been moved
approximately 1,700 feet to the west of NTUA #1. However, the results of the modeling shown
in Ql/76 are still instructive, in that the velocity of the groundwater in the area of the monitor
wells, caused by a different water production scenario from the Town water wells than shown
in Attachment 4 here, ranges from 12.3 to 20.3 feet / year. Again, these are very low water
velocities which are easily controllable by ISL wellfield operations if an excursion were to
occur, and would NOT cause imminent contamination of the Town water wells. I

|

This does NOT mean that HRI does not take excursions very seriously. We design and operate
wellfields with this constantly in mind, as our operating history shows. Therefore, we disagree
with the apparent discounting of the hydrodynamic models and results, which were run by HRI
and its consultants, to verify the initial wellfield designs and operations at the Churchrock and

|
Crownpoint sites: "Due to the lack ofdata and model design, the model was not able to take '

into account variations in aquiferproperties, variations in water levels over time, and actual
wellfielddesign andoperation." This is not at all the case. Over five thousand geophysical and
lithologic logs at Churchrock, Unit I and Crownpoint and surrounding areas were interpreted
and correlated, and the breadth and extent of multiple ore fronts identified. Preliminary
wellfields were then designed for these ore fronts, well by well: about 860 wells for
Churchrock,640 wells for Unit I and 770 wells for Crownpoint. These wellfields were balanced
for flowrates well by well (including flowrate bleed)just as done in normal HRI/URI operations,
modeled, analyzed for areas of possible excursions, the design and bleed rates were revised, and
models re-run. Multiple schedules of production and restoration were developed and revised for
each project (an example, originally part of Q2/78, is attached as part of Q4/74, Attachment
Q4/74-3). The wellfield schedule, along with start and stop times for production and restoration
for each of the wells, and the floir'ates, which varied well to well and again from production to
restoration, were then used in the hydrodynamic models by Geraghty & Miller. In addition, pre-
existing pressure gradients were included in the models, and the Town water wells were
included in the Crownpoint model at the h.igher summer flowrates as determined by Geraghty &
Miller. The wellfields were NOT generalized by a few injection / extraction wells and flowrates
for of the wells. Each of the flowrates for each well for production and restoration were
included. The effort was intense and provides a realistic view of the wellfield production and
restoration operations at Churchrock and Crownpoint. Thus, the wellfield design and variable
flowrates and operation WERE included in the model. Since the change in flowrates causes the
variations in water levels, water level fluctuations were incorporated into the model.

.
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Letter: William H. Ford NRC from HRI, November 18,1996
RE: Comments on velocity calculations (12/15/95)
Page 8

Of course, for each scenario developed and modeled, many more can be envisioned and the
smallest of variations made. However, this should not mean that a single groundwater
velocity generalized over the whole of the area, from HRI's proposed Crownpoint ISL |

project site to the Town water wells, provides a valid or reasonable representation of fluid
velocities, as compared to detailed and in depth hydrodynamic studies. HRI believes that the
iterative models used in characterizing the potential for contamination in the public water supply
wells proves conclusively that the potential for contamination is not only unlikely, but of
minuscule probability. However, HRI would welcome the opportunity to review and discuss any
credible hydrologic study or data indicating otherwise, so that proper safeguards can be
determined and implemented prior to any ISL operation. j

I would be happy to discuss these issues further if you would like.

Sincerely yours,

& ^

|

Craig S. Bartels
VP - Technology
HRI, Inc.

Attachments

cc: J. Holonich - NRC
D. Gillen - NRC
R. Carlson - NRC
R. Clement - HRI

,

Mark Pelizza, HRI
'
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FAX TO: Mark S. Pelizza
Environmental Manager
Uranium Resources, Inc.
12750 Merit Drive
Suite 1210, LB 12
Dallas, Texas 75251
(214) 387-7779

& * 'h 'FROM: W. Ford
Hydrogeolgist
U.S. Nuclear Regulatory Commission

SUBJECT: CALCULATIONS OF CROUND WATER MOVEME.VI', RELEVANT TO
CROWNPOINT COMMENT 54

Please find attached the calculation sheets that documented the
calculations done by the NRC staff in comment 54.

Page 1 of 8 [
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; 10 CROUND-WATER HYDRAULICS
i

j Tants a-tour na.d ,, c.gr,nsa eit and useryield, O seenstano.-

a- -

w.n s.w ou Thriase rue

~

oil Bald (see 00!ul.

and t.t949)..........y J29 1960 / , ,, ,S
| t...i.,,,,.... ,

baraVaney!
#"

13 1967 l'lan
5en Joaquin Vaney:(san Jose) 1 J ti<

1 ( Nyunenc.y tm Ranan.w.,,tenun

D''**[8'as |,,Elis ares.... ......... 26 1966 3 . ,ng7 ,
Tulare-Wasco ares t2 1963 1, ,
Arvio.Mancopa are....... s 1965 is..... , , ,

I
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! F cuna 9-Hypothetical enspic of steady dow (well discharg-
i

ing at eonatant rsta Q from a eyhndrient isla.d la a lake of esn-
more porous than annociated sands or gravels; hence, they stan tem)..

contain snore fluid per unit volume at a given fuld pressure.{
; When the pressum is gradually reduced, as by discharge of
j fuida from weds, such beds slowly release f!uids and under- expremed, by rewriting equation 13.

.

go nonelastic (plastie), generally irreveruihte, compaction. O Kdh
'

; (See Athy,1930; Hedberg,1936; and Poland and Evenson, f"-""7 [LN]. (26)

{ 1966.) Compaction of 6 type is much greater ths.npurely
! alastic w on, and it has esused appreciable rab. It will be noted that K, the constant of proportionalityin
| =^= of the land surface in both oil and water fleIda in Darcy's !aw, is tbc hydraulie conductivity.
; California, Texas, and elseabere. Latest available data for To IIlustrate the use of equation 26 (Darcy's law),
j several Cal!fornia oil and water Helds (J. F. Poland, U.S. assume that we wish to compute the total rate of ground.
; Geol. Survey, written commun., Oct. 27, 1967) are given water movement in a valley where A, the cross-sectional

|
in table 3. area, is 100 ft deep times 1 mile wide, where K-500 (s

day-', and dA/dl-5 ft per mile. Then .

j MOVEMENT OF GROUND WATER-
Q = -(100 ft)(5,280 ft)(500 ft day-') f 5 ft }

j STEADY. STATE FLOW (5,280 ft/

! In steady.atate 80w, hereindter referred to sitnply as = 250,000 ft day-5 (27)8

j steady flow, as of ground trater through permeable
material, there la no change irt head with time. Mathe-i

. VELOCITY-

'a'da*Hy, % statement is syn.%Iised by dA/dt-0, which
says that the change in head, dh, witn respect to the change Because the hydra , scuenvity, K, has the dimeo-

la time, di, equals sero. Steady flow generally does not slons of velocity, LP, some might mistake this for the
occur in natme, but it is a very useful concept in that Paruele velocity of the water, whereas, sa may be seen
steady flow can be closely approached in nature and in from equtions 13 and 14, X is actually a measure of the
aquifer tests, and this cond! tion may be symbolised by volume rate of How through unit crom.eectiod ans. For i

e /df 0. the average particle velocity, i, we must also know the !

Figure 9 shows a hypothetieml example of true steady porosity of the material. Thus
radial flow. Here steady radial flow will be reached and dh
==1a''M when all the recoverable ground water in the Q=fA8" - KA y .
oone of depression hea been drained by gravity into the
well discharging at eenstant rata Q. where

=amage Wty, in fut pa day, and
}O DARCPS LAW

I # = porosity, as a decimal fraction.
, Although Hagen (1839) and Poiseuille (IM6) found

.

that the rate of flow through capillary tubes is proportional Other terms are desned for equation 13. Rewriting the
to the hydraulic gradient, Darcy (1856) seemingly was the above equation,
first to experiment with the now of water through rand.

. eda /dl
[LN3- (28)and be found that the rate of laminar (viscous) flow of 8=-

,
water through sand also is proportional to the hydraulic
gradient. This is known as Darcy's law and it is generally For example, using the values of K and dh/dl given in

r,. . . . . - .. , 1; _ s
-

.

. ., [. J ' ,, . . . ..'s.~ 's - [,* . . , , . .

. yr [] 4,,1 ' [- [,7 ff %./ | ..| Q ' t ' (f ., i. ~ ,.



p % ., m - ~ ,. i c.t . su r4.t 3-xw Hug u/ 96 15t24 No.006 P.06/08 ]
|*

.

!

,

I
|

|
, |'

|

'

[ !!
.

|

AQUITER TESTS BY WEIL METHODS-POINT SCG 0.T1 PODIT B0tTECE |
,

11 '

| '

i equadon 27, and assuming e=0.2, 0 |<

f ~s ~s ;
. (500 ft day-') (-5 ft/5,280 ft) 1

|
g -

a e cr--- '

i s aae .<'ece 2_. __ _ _ _. '
,

Wyter fthfe

{ = 2.4 f4 day-8 (rounded). (29) { b
| It abould be streened that the solution of equadon 29 is the I' "
i acerose estocity and does not neccessruy equal the actual

-

I

3'

velocity between any two points in the aquifer, which may ['
.

I
range from less than to more than this value, depending ,'

upon the flow path fotowed. Thus, equation 28 should not
be used for predicting the velocity and distance of move-

' *

*
~

a,
'

{ ment of, say, a contaminant introduced into the ground.
_

AQUIFER TF.STS BY WELL METHODS-- - r,--*
POINT SINK OR POINT SOURCE " i ' "

;
///// H/////////////////: STIADY RADIAL FLOW WITHOUT

|
| VERTICAL MOVEMENT From m--m eram e W the eene of d pm=co armd

The fizit =ha**1 analysis of steady flow, using a a discharging ve3 (A) in so Mr*f aquifer.;
'

dhchargsng we:1, was made by Dupuit (1848), who made'

the hnportant assurnption that within the cone of depres- water an dmeharged from wdl A (Q) and flow radially
I :

sion of a discharging wet the head is constant throughout ***"# **" A ""I *** * ***"I#I'I *IIh!

any vertical lim through the water body and therefore is the cone of depression, as at obeerration we!! B (Q ) at,

represented by the eieration of the water table. Actually, ri r at aa, n weu C @) at radius r , %us.
,

e

this is true only in confined aquffers having uniform MW . N aamund e dk, ions We law !
,

I

bydraulic conductivity and having a fully penetrating dis- may be expremed as a first order ordinary diferential -

eharging we!!, or in conM aquifers remote from the equationin eyW coordnates
discharging well. Nevertheless, methods based upon this4

dhassumption can be applied satisfactorily when certain Q= -K2rrh p, [L'T-5]. (80)
,

precautions are taken.,

; Much of the raathematical analysis of Dupuit was Separating variables,
!

.

repeated by Adolph Thiem (1887), but it remained for his
*

eon GQather Thiem (1906) to develop a readily unable dr 2rR- = - - AdA. .|I 8 solution, by decerndning that the Dupuit Thiem methods # 9
could be applied to any two intermediate points on the (1

cone of depression of a ducharging well to determine the Integrating between ri and r , ha and A ,e r
f hydraulie conductivity of the aquifer. As will be shown /" dr

2rE [''AdA'later, it is now known that many more poinu may be used. /,, r Q1 1

*

In order to derive the Thiem equation and show its %

relation to Darcy's law, let figure 10 reprecent half the hence [
cross section of the cooe of depression in an unconficed [
aquifer around weII A that has been pumped at constant log. r 2rK 'h/- A 8' ii

rate Q long enough that steady flow h being closely #8 Q 2 i.

approached, and the quantity of water stiII draining from
.

,

stornge la negligible compared with the quantity of water Converting to common logarithms and solving for K,
moving toward well A. Although figure 10 depicts an
unconfined aquifer, the method is applicable also to con. E"

2.300 togari/ri
[LP-L]. (31)

e ~

Enad equifers. If the material h reasonably homogenoux, 4:q

and if the base of the aquifer and the undisturbed water
In confined aquifers (where there is no unwatering) or ira

) table are assumed to be pars!!el and horizontal; then, by thick unconfined squifers (where a is negligible compared
the law of continuity, and provided that changes in storac-

to 6), he+A may be assumed equal to 26. Then,Rb
i as

are negligible coc:pued to Q, virtually equal quantities of he-h/a(As ha)(As-h ), As- A = ei-se, and T=8
i i ,
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(c) (c ) (e)I f'|
!

/\
| (D)

f (d) (f),;
'

: : r
! ,

j Figure 2.11 Raistion between texture and poroehy. (s) Welf-sorted sedimen.
.;. |

-

tary depoelt havine high coros ty; (b) poorty sorted sedirnentary*

| sj deposit heving low porosity ; (c)we(1. sorted sedimentary depoelt |
| , consisting of pebbles that are themselves porous, so that the 0' +j deposit as a whole has a very high porosity; (d) well.46tted

[
3 '

: y medirnentary deposit whose coroshy has been efminished by the
j .> deposit!on of minerst matterin tha tntersticos: (e) roca rendered [; porous by solution ; (f) rock rendered porous by fracturing (efter
j Metnzar,1923).
I

! soil or rock matrix [ Figure 2.11(a), (b), (c), and (d)], and secondaryporosity, which -
i; may be due to such phenomena as secondary solution (Figure 2.11(e)] or struct urally - '|}

i '

! controlled regional fracturing [ Figure 2.!!(f)].
j Table 2.4, based io part on data sumrnarir.ed by Davis (1969), lists representa- t
j tive porosity ranges for various geologic materials. In general, rocks have lower b

porosities than soils; gravels, sands, and slits, which are made up of angular and .g

.hi Table 2.4 Range of Values of Potosity ,y
' '";

n(%) .,,''
! Unconso!! dated deposits
| Gravel 25-40i

Sand 25-50! Silt 55-50 -

i Clay 40-70 *

i Rocks
i '

Fractured basah 5-50
;

JI|it_lirnestone ____ 59
j C San _dstone _ 5"
i Lirnestone, dolornite 0. 4
i Sha'e CLIO3

Fructured crystanine rock 0-10
.! Dense crystalhee rock 0-5 y4 -

3
.

.

2
|4 !

,
,

. - . ,

>
__ _ __ _ _ _ _ . __ --
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? The first part of the modeling operation involves inputting or calculating a pre-mining

hydraulic gradient. The second portion of the model involves inputting extraction and
.

; injection wells for both mining and restoration phases to determine the predicted aquifer

response.

E /
%. 1

HRI has measured water levels at the Crownpoint Mine for the last several years, |
e

f. allowing Geraghty & Miller to create a hydraulic gradient map. The hydraulic gradient is j

directly affected by pumpage of nearby municipal wells. These wells, which are east of the

.f mine area, create a steeper hydraulic gradient in the summer during peak production, and
I

a less-steep, winter-time gradient. These gradients, simulated in AQUISIM and calibrated

h to actual data (including pumping rates of all the nearby municipal wells) are presented in |

Figures 3 and 4. Groundwater velocities calculated for the winter and summer gradients are

h - >5.6 feet / year and 10.6 feet / year, respectively.

Once the hydraulic gradients were established, the mining schedule supplied by HRI

was input to the model. Geraghty & Miller utilized the summer hydraulic gradient in the

model because it represents the steeper of the two gradients.

Initial well field configurations supplied by HRI provided virtual hydraulic

containment as predicted by the model, but small areas within the mine were predicted to
'

have potential excursions sometime during the mining or restoration phases; Minor

adjustments to the original proposed well schedule were made by HRI, and the final model
.

simulations were prepared. These simulations are shown in Figures 5 through 10.

h
Computer simulated output maps were generated to show the piezometric surface

} at the end of each mining phase, as well as the end of the restoration of the final mining

area. These points in time were used because they represent the points of maximum

} hydraulic stress on the aquifer during the mining and restoration phases.

3
-
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j ADDITIONALINFORMATION REQUEST
F BYDRO RESOURCES,INC. IN-SITU LEACH URANIUM MINE
,' CROWNPOINT, NEW MEXICO
:
I ESUE: Water Resourm Protection
.

Comments Applicable to

i Crownpoint UNIT 1,and Churchrock
i
i

54. Potentiometric Surface Map and Ground-Water Flow Velocities For The Westwater Aquifer
.

j Discussion - In the application it is stated that ground-water flow velocity calculated for the Churchrock

| site is g.7 ft/yr. (Reference 3, page 7). However, the text does not provide enough information to confirm

{ bow these ground water gradients were calculated and how they vary over the site area. With the j
| information provided, smund-water flow velocities cannot be confirmed.

) The NRC staffis unable to find a potennometric surfaa map for the entire UNIT 1 Site. The only map
1 we have found covers a small part of the northeast corner of the site (Figure 2.7-3, Reference 11,
| page 244). With out this information it is not possible to mnfirm the direction of ground water flow. ;

4 j

| In the application, it is stated that *HR1, INC. has calculated the maximum rate ofnatural ground water

1 movement at a proposed monitor well location east of UNIT 1 and closer to the town of Crownpoint
j extraction, as 20.Jfeet in one year" (Reference 10, Section O. Plans for Well Failures). However, the text

| does not provide enough information to confirm how these ground water gradients were calculated and
! how they vary over the site area. j
I
.

i The NRC staffis unable to 6ad a Westwater potentiometric surface map for the entire Crownpoint Site.
i

j In Reference 1 (page 3-12) it is stated that pumping from the town of Crownpoint water supply wells in
the Westwater causes ground-water under the Crownpoint mine units to flow towards the water supply*

wells in Crownpoint (Re.ference 1, page 3-12). This conclusion indicates that ground water under the |

| entire area to be licensed is moving towards the town of Crownpoint wells. In other words, water is
moving towards the town wells from the north, east, south, and west. A potentiometric surface map was-

generated using water levels generated by a ground water flow model. Accordmg to Reference 3 (page 5)
'

{ the model included the pumpage of nearby municipal wells and was calibrated to water levels collected at

! the proposed Crownpoint mine. From this anodel, both a summer and a winter potentiometric surface

| map were prepared, with the summer gradient being the steeper of the two. However, the potentiometric

! map only covers the east one half of the property,
e

I
j With the information provided, ground-water flow velocities cannot be confirmed for the Crownpoint site.
j in the application it is stated that ground water flow velocities calculated for the winter and summer
j gradients are 5.6 ft/yr, and 10.6 fUyr., respectively (Reference 3, page 5). Howver, the text does not
| provide enough information to confirm how these ground water gradients were calculated and how they

| vary over the site area.
i

| Changes in the rate of pumping by the Crownpoint public water supply wells change the ground-water

j velocities under the Crownpoint property. These changes could effect the ability to control well field
solutions or the rate that solutions could move from the well field should an excursion occur or after;

i restoration of a well field. While the application does provide some insight into the ste of change by
? providing a summer and a winter estimate, it does not provide a range of velocities over the entire
! Crownpoint property.

:

!
1

i

I

i
i

_ _ , , . -~
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The Crownpoint potentiometric surface maps are developed using the ground water flow model tog simulate the potentiometric surface for the mmmer and winter conditions. The model was calibrated using the
average tranwniuivity (2,550 gpd/fi.) and storativity (0.000086) determined from pumping tests and assuming a
uniform hydraulic gradient to the north northeast. For the summer map, average mmmn pumping rates (372 gpm
total) for the six Crownpoint uter wils in the summer of 1992 were assumed to have 'ocen acave for five years.
The starting head for the uniform gradient was then varied until the simulated ground water elevations at the
Crownpoint monitor alls matched actual values measured in August 1992 by HRI. His map was considered to
be the helme condition. The model simulations of the various stages of the mining were then run by maintaining
the hwime conditions and adding the projected operating mine wells. These model grid data ure then output to
Surfer for contounng the potentiometric surface Except for the sensitivity runs, the summer gradient was utthzed
in the mine simulations. In order to show the mmmg detail, the output maps were projected for the Crownpoint
area and cast to the nearest Crownpoint water well (hTUA-1). Attachment 541 is a version of the baseline
potentiometric surface map showing the area from Unit I to the town of Crownpoint. This map was developed as
described above, but enN to show a larger area and the pumping effects at the Crownpoint water wells.

Avenge ground water velocities for the Crownpoint and Churchrock mine areas were calculated using the
following formula:

V = K * I/n

where: K = average hydraulic conductivity
I = bydraulic gradient
n = cffective porosity

At both areas, the average transmissivity (T) value for the Westwater Canyon sand was used to determine
the average hydraulic conductivity (K). Based on aquifer testing, the average transmissivity value for the
Westwater sand in the Churchrock area was 1,154 gallons per day per foot (gpd/ft), and in the Crownpoint area
was 2,550 gpd/fi. The average K was determined by dividing the T by an effective sand thickness of 200 feet for
each area. The effective porodty of the sand was estimated to be 0.25. The hydraulic gradient across each mine
area was determined from measurements on the potentiometric surface maps discussed above. The average
velocities were then calculated using the abmt formula.

The ground water velocity across the Churchrock mine area were calculated to be approximately 0.0237
feet per c'.ay (fi/d) or 8.7 feet per year (fi/y). The hydraulic gradient is generally uniform across the site as shown
on the static potentiometric surface map. The static potentiometric surface at the Crownpoint mine area was
mapped for the conditions in the summer when levels are low and the Croupoint water wells were pumping at
higher rates, and the winter when water levels are high and ground water pumping rates are low. Average ground
water velocities at the Crownpoint im range from about 0.031 ft/d (11 ft/y) at the east side near Crownpoint well
NIVA-1, to about 0.0227 ft/d (8 filn at the west side of the mine area. De average velocity at the Unit I area as
measured on Attachment 54-1 is approximately 0.0146 ft/d (5 ft/yr.).

Based on a comparison of the above velocities between the Crownpoint mining simulations and well
NTUA 1, ground water movement from the mine area toward NTUA 1 will be much slower during mining than
pre-mining. Although injection wells will create high pressure points within the active wellfields, the net effect on
the bleed from the overall field will actually reduce the velocity of ground water from the mine zone toward the city

wells.
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During the November 27 to 29,1995, site visit, HR1, Inc. stated that the pre-mining ground-water
~ velocities of 5.6 ft and 10.6 IVyr. are the velocities that contaminants would move if they escaped from the

well fleid. Using a distance of 700 feet from the ground-water divide between the modeled well Seld and i
3

j well NTUA-1 shown in Reference 3, Figure 8, this pisics awrage travel times of 125 years and 66 j

years. However, as shown in the model, the ground water gradient between the ground-water divide and!

; well NI'UA-1 will be steeper than pre-mining gradients. Using the model F M head gradients in
j Reference 3. Figure 8 and information contamed in the application, the NRC staff has waadatly

calculated average travel times that range from 9.5 years to 0.45 years.j

! The NRC staff believes that this discussion concermng pre-mining velocities and the rate of excursion is
,

i flawed, because should an excursion occur it would move at a rate faster than the pre-mining velocities. |
'

1 The combination of injection pressures in the well Beld and potential pumping influences from nearby
i supply wells will allow an excursion to travel at a faster rate than the pre-mining velocity field.

i

j Action Needed: Provide a potectiometric surface map for the UNIT 1 and chm 4 properties that
shows the data points including well locations, water level elevations, and when the water level data were

|. collected. Describe how the ground water gradsents were calculated and how they vary over the sites.
; Provide a potentiometric surface map of the Westwater aquifer for the entire Crownpoint Site in sufficient
j detail to deternune the general direction of water movement. It is suggested that for the Crownpoint site;

j in areas without wells, ground-water flow modeling which includes the effect of all five community supply
j wells could provide a adequate description of ground-water flow directions. Quantitatively describe how
j the ground water velocity changes over the Crownpoint property as a fhaction of distance and with

{
variations in the cumulative pumping effects of the Crownpoint public water supply wells.

Response

! Ground water flow velocities in the Crownpoint mine area were calculated based on the available existing
.

| water level data. Because there was not sufficient ground water level data from the Unit I area for the same time
periods and the emphasis was on the Crownpoint area because of the municipal water wells, the Unit I area was
not included in the modeling. Additionally, as noted in the discussion for Comment No. 50, ground water Dow
from the Unit I area, if it does have an casterly component, will be through the Crownpoint area. Any numng
activity that occurs in the Unit I area will have the net effect of decreasing the velocity relatrve to natural ground
water velocities. Because the Unit I area is much further away from the Crownpoint water wells, and ground
water from this area would have to move into and through the Crev, geird mine area before reaching the
Crownpoint water wells, it was not n===ry to include this area on the static potentiometric surface map or in the
model maps. The ground water flow model was developed primarily as a verification of the ground water
conditions anticipated in the mining area adjacent to the Crownpoint water wells.1he model merely verified that
mine Duids could be successfully controlla! and be protective of the Crownpoint water supply wells.

The potentiometric surface maps of the Crownpoint and Churchrock mine areas were provided in the
hydrodynamic model report (Reference 3) as simulated hydraulic gradient maps. The Crownpoint mine area is
represented by a map showing winter conditions and a map showing summer conditions. Because of the lack of
significant ground water use in the vicinity of the Chu:chrock facility, one map was developed.

While the titles indicate the maps are simulations, they, in fact, are representations of the actual
conditions. The map for the Churchreck area was made by mapping the potentiometric surface with existing
monitor well data from March 1993. An X-Y-Z data file with the well coordinates and ground water elevations
were input to a contouring program (Surfer) resulting in a gridded representation of the potentiometric surface over
the designated area. This resulted in a very close representation of the actual potentiometric surface with a regular
spaced grid file of the same area to be modeled. This potentiometric surface map was not output from the ground
water flow model, but was developed as a baseline condition depiction so the model drawdown values on the same
grid could be subtracted from the static surface values to yield the model potentiometric surface maps.
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Pathline Simulation Run forFigure 50-2
1,150,000 days ( 3,121 Years ) iWithdrawals by Crounpoint

Crownpoint New Mexico
,

waier weiis: i

i1.NTUA.I 27.7 gpm Assuinptions-
Flow Pathways for Crownpoint Water Wells 2. NTUA Conoco 58.7 gpm

3. BIA #3 79.4 gym 1. All Withdrawals from Westwater.
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: CLARIFICATION AND ADDITIONALINFORMATION REQUEST
; HYDRO RESOURCES,INC. IN SITU LEACH URANIUM MINE

CROWNPOINT, NEW MEXICO

Q2n6. Discusslori: This comment requested that for the Crownpoint property, the applicant should desenh
why continuous pumping in the well fields does or does not need to be maintained until they have been
declared fully restored. The applicant states in the April 1,1996 response to NRC comments that a bleed
will be continued at the Crownpoint property until the well fields have been declared fully restored p 16
required permit / regulatory limits. The NRC staff considers that if the NRC issues a license for this
property, the bleed be continued until the applicant has received approval from the NRC that the well fic!d
has been restored and until the period of stabilization monitoring has ended. The NRC staff would also
like to know if emergency generators will be required to assure that a continuous bleed is maintained.

4

Action Needed: The applicant should revise the application documents to clarify its intent to continue the
bleed in restored wellfields at the Crownpoint property until HRI receives written approval from the NRC
to discontinue the bleed, aAer restoration is verified through a stability monitoring period. The applicant i

Ishould also provide a discussion of how it will assure the bleed is continuously maintained in the event of
a electrical power outage.

Ecsoonse.

HRI commits to continue the bleed in restored wellfields at the Crownpoint property until HRI receives wTitten
approval from the NRC to discontinue the bleed, aner restoration is verified through a stability monitoring period.

HRI also commits to maintain emergency generator capacity, capable of maintaining a 50 gpm bleed from the
mine zone throughout the mining and restoration life of the mine. A copy of a correspondence to the State of New
Mexico Environment Department is within Attachment Q2n61.
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'~ W D nr HRI, INC.
I ubsidiary of Uranium Resources, Inc.)'

|
* *

12377 Ment Dreve'

i $656 South Staples Sune 750. LB 14
. Suite 250. LB 8 Deltas. Texas 75251 Post Office Box 777

| Corpus Chnsti. TX 78411 Telephone (214) 934 7777 Crown Point.New Mexico 87313 1
I

Tcephone (512) 993 7731 Telecopy (214) 934 7779 Telephone (505) 786-5845-

: Te6ecopy (512) 993-5744 Twx 910-867-4701 )

September 21,1992.

1
4

: I

I Mr. Richard Ohrbom g .

Water Resources Specialist CF-
| Ground Water Section

New Mexico Environmental Department 12'

P.O. Box 26t10
Santa Fe, New Mexico 87502

I RE: DP 670

! Dear Mr. Ohrbom:
|

| The following is in response to your letter dated July 17, 1992, where you requested further
information pertaining to the subject discharge plan. I have formatted this response by first restating your

,

! question and then responding accordingly.
.

1. A contingency plan which will prevent migration of dissolved mineralions and metals out of
| the injection / extraction zone in the event the in-situ circulation system falls or is shut down.

Please list in detail the preventative measures to be taken. This is especially critical for aquifer
3

j protection down gradient from the in-situ zone and along the east parameter of your proposed
In situ zone which is juxtaposed to the Crownpoint water supply wells.

i
Resoonse:

| The primary contingency for the protection of water wells, including the Crownpoint wells, outside of

| the monitor well ring is the routine monitoring of water quality within the monitor wells. We plan to do so two
times per week. As shown in Attachment A, the maximum rate of natural groundwater movement at a

| proposed monitor well location is 20.3 feet in one year. Therefore,1f circulation failed and the bleed were to

| temporarHy terminate, andif a indicator parameter were to show the presence of leach solution, andif no
corrective action was taken, then in a one year period, the affected water would only move 20.3 feet. A
system failure for one full year is farfetched under any c.!rcum:tances. A one-week failure, although given thei

safeguards that wRI be discussed below, is virtually impossible, is more realistic to consider. Given the
maximum rate of groundwater reovement at MW-24 shown in Attachment A, groundwater would travel 4.7
.bchas in a one week period.

t

|- To assure a cone of depressicn at the Crownpoint leach facility, HRi proposes to maintain a bleed of
approximately 50 gpm, by over extracting approximately 1% of the mining solution. During restoration, the4

bleed volume wHl increase. Two corv;elvable events could interfere with the bleed volume; power faDure and-

| mechanical plant falure.
}

In the event of power faHure at the facDity, HRI w!!! ma(ntain in service diesel electrical generating
capacity, to power the pumps necessary to extract 50 gpm from the mine zone.

:

if the plant is shut down for maintenance or any unforeseen reason, adequate submersible pumps;

wil be available to pump the wellfield 50 gpm, independent of the plant.

.
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|'' Latter to Richard Ohrbom .-

September 21,1992'

, Page 2; .

i

i

s. How will _ the monitor wells be sampled; bellers, submergible pumps, dedicated
j pumps / bladders, etc.? Also, what protocol will be followed during sampling and

transportation of samples to the laboratory doing the analyses?
*

:
'

'

Resoonse:
,

. ,

Samples wtl be obtained with submersible pumps mounted on either a col tubing unit which can be
| moved from well to well or with permanent in place pumps in each well. An indMdual well wSI be pumped for
: at least 15 minutes unts three consecutive samples taken at five minute intervals have consister,t conductMty

i measurements. Thereafter, a sample ws! be obtained and preserved.
i

j Routine monitor well samples which are analyzed at the HRt site laboratory wgI be plaem on ice in

; the field and delivered to the lab, as qulckly as possible for analysis, at least two times per shift.

; Samples which are shipped to an outside lab wC! be fBtered in the field, acidifed with HCL, H SO or2 4
HNO to pH <2, as appropriate for the required analysis, Iced down, and shipped.i 3

>

3. What type of flow meter (s) will be employed to measure the volume of the injectate, extraction>

4 sad bleed off?

1 HRI wDI measure injection extraction at the indMdual well heads, and at master manifolds going to
and from the wellfield. Bleed amounts will be measured at the master rnanifolds going to and from the,

| wellfields and also by the volume of liquid going to waste disposal.

i
; Meters on IndMdual wo!! heads consist of corrosion-resistant mechanical meters such as these
! manufactured by Hershey. Larger Inline meters, on main injection or extraction laterals, employed by HR1
i are mechanical with digital readouts.
|

: Please feel free to contact me if ynu have questions portalning to this matter.
1

i Yours v truly,

i /
,

.Y'

s ~

Mark S. Pellzza.

| Environmental Mana er.

! MSP/ dig

.

:
d
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GROUNDWATER VELOCITY CALCUL.ATIONS

FOR MONITOR WELLS
i

AT; .

i
HRI'S CROWNPOINT PROJECT'

i

:

:
'

} Crownpoint
j Town Flowrate

Water Wells (aem)'

;

| NTUA #1 0 (Assumed P+A)
BIA #6 134.2j

| BIA #3 85.5
BIA #5 105.6*

: NTUA Conoco 145.3 i

NTUA Littlevater 155.1 !

! Total Flowrate 625.7
1

i

i Proposed
i HRI
4 Monitor Well Velocity (Ft//Yr)
,

M1 24 19.0

| M2 24 20.3
~

-

i M3 24 19.7
-

i M4 24 18.8
-

MS 24 17.8
~

M6 24 16.8
~

M7 24 15.8
-

M8 24 15.0
~

M9 24 14.3
M10 24 13.9

~

M11 24 13.7
-

M12 24 13.4
-

M13 24 13.1
~

M14 24 12.9
~

M15 24 13.4
~

M16 24 13.7
-

M17 24 14.0
~

M18 24 14.1
-

M19 24 14.2
~

M20 24 14.4
~

M21 24 14.8
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j Groundwater Velocity Calculations for Monitor Wells at HRI's
! Crownpoint Project
; Page 2
1

i
t

* Proposed .

MRI
j Monitor Well Velocity (Ft//Yr)

.

} M22_19 15;2
4 M23 19 15.6
i M24[19 15.7'
j M25_19 16.O
; M26 19 16.0

~

,
M27 19 16.'1

j M28 19 16.1
~

: M29 19 15.8
~

M30 19 15.3
~

: M31 19 14.1
! M32 19 12.3

~

~

: M33 19 13.4
! M34[19 16.0
' M35 19 18.0

~

i M36 19 19.2
~

i M37_19 19.9
: M38 19 19.9
i

~

M39_19 19.4

;

I

)
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