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Mr. W1lliam Pitzzerald
Director of lMainten-nce

" Grand Canyon National Park Lodges

-Grand Canyon, Arizona 86023
Dear Mr. Fitzgerald.

.. I have conc uded fie ld studies and office investigations for
the Mogqul wells as outlined in my provosel to you dated January
26, 1977. The aralysis is contained in the accompvanying letter
- report and indicates that the wells should probably be abendoned.
If you decide to attempt to place wells (A-30-2)25b and (A-30-2)25¢
into production 2t small ylelds, the costs for pullirnz the exist-
ing pumping equipment, bailing the hole, and resetting the pumping
equipment will be a2 minimum Jf approximately $1,400 for one well.
These costs are based on the assumption that the pumps can be
pulled, and that the pumping equipment in the well need not be
! replaced.

o Beview of records for other wells and inepection cf geoclogic

features in the Mogui-Tusayan arca suggests that the Toroweap and
the Coconino aquifers do not contaln sufficient weter to provide
a sustained supply to wells. The Redwall-Temple Butte- Muav
aquifer 1s saturated in the Moqui area, and although drilling
depths and costs will be lerge, these formations may yield more
than 100 gallons per minute of water to properly located and

constructed wells.
mzl subm t\ted

Errol L. Hontgomery
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GROUNDWATER CONDITIONS AND POTENTIAL
_.YIELD OF WELLS, MOQUI-TUSAYAN AREA,
COCONINO COUNTY, ARIZCNA

CONCLUSICNS AND RECOMMENDATIONS e

- -~ The foilowing salient conclusions.and recommendations are
.. besed on a field investigation and enalysis of available data fronm

| - exploration and water wells in the Moqui-Tusayan area. N - 'v?-"¥»'w

CONCLUSIONS

‘A. Groundwater in the Toroweap Formation and in the Coconino
Sendstone occurs as small and thin perched groundwater bodieé.
‘In the Moqui-~-Tusayan area, these perched reservolrs commonly

“become depleted after several years or less of pumping.

- Geologlic structures and fracturing which may cause the accumu~-
-latign of groundwater at the base of the Coconine appear to be

-sufficlently abundant to have ruptured the underlying aquitards;

Ahence, little water 1s stored in the bése of the Coconino.

B, PFracturing and solutioning éctivity along these fractures
provides conditions favorable for development of large amounts
-vof groundwater, via properly iocated and constructed wells,
from the Rédwall Linestone, the Tempie Butte ILlimestone, and

the Muav Limestone. The depth to the top of this limestons
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'.pf aquifer sequence 1s approximately 2,450 feet, and tho thicl .-

of this limestone sequence is approximatelv 915 feet.

Two of the five Fooui wells are the McAfee~lMeelks No. 1 and
No. 2 wells. These wells are 1listed in Table 1, and their

.'~approximate locations are shown on Figure 2. The first of

lf”these wells was drilled-to the base of the Coconino which was

Afdry and the well was vlugged back and completed in the Toroweap-

‘?aquifer. The second well was drilled to the base of the Toro-

weap and was completed at that depth. After several years of

~vpumpage dec‘ining water 1evels and problems wlth caving

‘,f :esulted in non-use of the wells. The wells have subsequently

“; experlenced furthgr caving and thé_pumping'equipment is -

. 'RECOMMENDATIONS

B.

; probably locked into position by the caved material,

: A. The five Moqui wells should be abandoned due to problems

‘stemming from depletion of the limited perched aquifers in
- the Toroweap and from caving in the wells which has probably

,locked the pumping equipment in place.

A test hole could be constructed in the Moqui-Tuséyan area to

determine»thg productivity of the Redwall-Temple Butte-Muav

~ aquifer,



"«GENERAL HYDROGEOLOGICAL CONDITIOﬁS

t\

It.ia essential to have "an adequate knowledge of the geologicf
f"am=work to evaluate the groundwater resources of an area. In
 ‘Lhe ngui-Tusayan area, the occurrence of groundvwater is- related{"l
1'n6t only to the lithologic character of the formations but also to

| the geologlcal structural features.

+ All eziéting wells in the Hoqﬁi;fusayan'afeé yield water
'froﬁ Palcozoic strata which are the 1aterél equivélents to the |
Ageologic formetions exposed in the upper part of the Grand Canyon.'
Rocks of Precambrian age lle below the Peleozoiﬂs but are not

.. eonsidered important as they occur at depths beyopd economical .

drilling methods and are not known to yield substantial quantitles_ -

' of water to sprlngs or welle.

- ?ALEOZOIC ROCKS

- oo £

"he Paleozoic formatlons in the Grand Canyon in descénding
order are: the Kaibab Limestone, the Toroweap Formation the
Coconino Sandstone, the Hermit Shale, the Supai Formation, the
Bedwgll Limestone, the Temple Butte Limestone, the Muav Limestone,
the Bright Angél_Shale. and.the Tapeaté Sandstone. Thése.forma-
tions are believed to lie at economical drilling depths, although
the Redwall, Temple Butte, and Mﬁav Limestones have not been
developed'as a source of groundwater 1n'much of northerﬁ Arizona.
The thiclmess of the Paleczoic formations end the reneralized |

" patterns of groundwater circulation are sho¥n on Figure 1,
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The downward percolation of group water is shown dagnmmaww

COLUMNAR GEOLOGIC SECTION NEAR GRAND CANYON VILLAGE, ARI?ON
SHO\VL\(; THE STATIGRAPHIC POSITION OF SELECTED SPRINGS

GEOLOGICAL SURVEY PLATE 14
ey SECTION FORMATION e LITHOLOGIC CHARACTER
2000 _ EET
ESE=——ee = ——— . . Dense yellowish-gray to gray'shysllow calemitic hme
SSE==Er Kaidab fimestone 300 stone ¢ i dimng muzh chest neartcp, snd yeilcwsh-
S e £ 47 to pate-orange calcaresus SIndsione
. ‘ Torowesp furmation 260 Massive butf limestone between two red-dad sequences
o Very fine grained to medium-grained crossbedded pala
4000 Coconing sandstone 600 orange o white sandstone .
Spingl _
Hermi shale 270-320 Red sandy shale and fine-grained lriable sandstone
- . Aternating light-brown sandstone and moderately red
Supai formation 950 siltstone; near base alternating red shale and buue
@ay crystalline limestone
Redws?; kmestone %0 ° Light-gray and grayish-blue crystalfine Ixmes.une corr
- . taining chert .
Spring 4 . !
Bluish-gray limestone and dolomite having a motiied
Muav kmestone 415 | appearance,and num:erous Lhin beds of buf! of green-
ish shaly material
. ) Greenish micaceous, sandy shaie containing beds of
Bright Angel '.h.b 0-325 purplish-prown sandstone
Tapeats sandstone 0-300 Brown slaboy cressbedded sandstone
Conglomerate, limestone, shate, quartzite,
Unkar group and sandstone
Vishnu schist Gneiss and schist, intruded by siliceous and mafic rocks
. and pegmatitic dikes

Sn“b O = 61 (2a pocket)

'FIGURE 1 (PLATE 15%).

. - . - -
. .

(From Metzger, D. G., 1961, U.S. Geological Survey Water-—Supply
Paper 111»750)
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 kAIBAB LIMESTONE: The Kaibab Limestone is a thicu- te thine
. bedded; Jolntgd, and sandy dolomitic limestone. It crops cut cover

large areas in northern Arizona, forms the rim-rocks of thsz CGrand

- Cahyon,«ahd 1s the surface rock in much of the FKoqui-Tusayen area. -

.'.-The Kaibab is a brittle formation and is extensively fractured in

- areas vhere geloglcal structural movements have occurred. Vater

lpercolation through these fractures has enlarged the openings and

-f‘haa created extensive cavernous areas. Where the Kaibeb Limestone

- 1s exposed. surface water percolates readily downward via the ;
>+ fractures and solution caverns, and thus the Kalbab comprises an
. ;?1mportént reéhérge hedlum;" Because the Kaibab does not store water,

it 1s not an aguifer.

f:$TOROWEAP FORHATiON:‘WThe Toroweap Formation consisfs of - -

= éaﬁdstone; shale, and 1imestone. The Toroweap 1s considered to
‘_}be a‘minér aquifer in the study area and yields small amounts of
}uwater to eight welis (Tab1e 1). The 1lithology of the sandstone
ﬁ_‘beds proviées storage and permits transmission of groundwater.
r__Shale beds within the formation form aquitards and locally cause
small éccumulation of perched groundwater. Because the permeable
sandstone beds and the shale aquitards are of lizited thickness,
" the potential storaege and sustained yleld of groundwafer from the
.Toroweap is small, and many wells have failed after variable periods

“1 of production.

e - -

- COCONINO SANDSTONE: The Coconino Sandstone is a light=-
colored, very fine- to fine-grained, friable, corcci-oeda: ! ranisiong,

‘The degree of cementation varies but the formation 1s brittle and

‘e
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conﬁains e7tensive fractures near fault zones. TAe Ceconine Lo &
principal aquifer in much of northern Arizona. but in the liogui.-
:Tusayan area- only two wells xere desligned  to produce water fron
tnis formation, end records suggest that both wells are dry. The -
| ~1ithologic character of the Coconino indicates a low to moderate
permeability and pqrosityg-and in many areaé the formations may
contain substantial quantities of water. . Hcwever, the Coconino is ...
an aquifer oniy where the underlying Hermit Shale and Siyipal Forma-

tion form en aquitard and where favorable structures are present.

Q“A.HERHIT”SEALE AND SUPAI FORMATION: The Hermit Shale and Supal
:.Fdrmation consist mostly of red siltstone and fine-grained sand -
stone. Both fb;matibns are important aquitards. Because these
- formations are nearly impermeablé. groun&water is often‘perched in
77'the base of the Coconino Sandstone on top of the shaly strata of
tne Hermit and Supal in areas where the groundwater does not drain
7-.1atera11y and doés not percolate dovnward via extensively fractured
";fstrata. One well in the Moqui-Tnsayan area is reported to produce

e smnll amount of water from sandsfone strata in the Hermit Shale.
'uInterviews of local residents indicate that this well is presently |

dry.

BEDWALL LIFESTONE, TEMPLE BUTTE LIMESTONE, AND MUAV LIMESTONE:
The Redwall, ?emple Butte, and Muav Limestones lie below or partly
below the regional water table and comprise an extensive potential
aquifer in the south Grand Canyon area. The presence of solution
channe]s which have developed zlong fracture zensu previden Ter

- the trensmission end storage of large amounts of groundwater. Iarge
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t.sbriﬁgs (see Table 2) whose aggregate discharge rats ewcecdr 140

cubic feet of water per second diécharge‘from these forratcicns

[44]

whezeithey<crop out in the southern wall of the Grand Canycn. Th
' dépth to the top and to the basé of this limestone sequence in
the Moqui-Tuseyen area is approximately 2,450 and 3,365 feet

-yrespectively.

‘BRIGHT ANGEL SHALE AND TAPEATS SANDSTONE: The Bright Angel
K Shale is bomposed chiefly of mudstone and shaly.strata but also

jconte.ins minor sandstone and limesﬁone strata. The Bright Angei
fz_'fﬁnctions as an éffectivé.aQuitard; no-lérge’springs issue fron
formations belew this shale. The Tapeats Sandstone consists of
.ﬁross-bedded. poorly.sorted, coarse sandstone and conglorerate.
i; Because the Tapeets is overiain by‘the Bright Angel Shale équitard;--
.only small emounts of water issue from springs in the Tapeats.

\ . . .

STRUCTURAL FEATURES .
_.l The majdr geologle stfuotﬁfesiin the ﬁoqui-Tusé&an areé are‘
thé hortheast trending Vishnu and McKee Faults and.the Tusayan
” structurally depressed area. The regional dip of the Paleozolc

~ strata ranges from #° to 13° and 1s to the southwest.

The Vishnu Fault and the McKee Fault cut rocks in the Grand

- Canyon where caverns occur in the limestone rocks along these fault
tfaces. The Vishnu Fault crosses State Highway 64 approximately

% mile south of Moqui. The HcKec.Fault crosses Highway 64 ot
Tusayan where this fault and oiner minor faults btound & Lliiese

structurally downthrown or .depressed block.
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Thé effeé%s of faulting on movement and occurrence o
water in the Moqui-Tusayen area cannot be over emphasized. how
charge-ffom stream;flow percolates readily dowvnward tirough the
fractufed rocks to the underlying agquifer systems. Solution
cavities,.which also ¢nh§nce water movement, are concentrated along

" ‘these fractures.

i
+

" GROUNDWATER FEATURES

© EXISTING WELLS

;f N"At present !June, 1977) records are available for eleven

" wells in the Moqui-Tusayan area, sufficiently nearby to provide
"datd pertinent for thi3 study. These récords are summarized in
~fTabie l. These wells yield groundwater from perched aquifer

" bodies in fhe Toroweap Formation or near the base of the Coconiho
-iSandstone. Several wells, which produced small amounts of water

:yhen drilled, are preéently dry.

The depths of'the wells range from 514 to 1,275 féet.‘

- Several wélls which encountered perched groundwater bodies in the
Toroweap were originally drilled to the base of the Coconino. |

' Eowevér. when the Coconino was found to be dry, these ﬁells were

plugged back to thé base of the Toroweap where they were completed.

-~ Static water levels in wells which penetrated a groundwater

reservoir range from 430 to 1,020 feet below land surface. Precise.

P

data are not avallable; however, rz2cords indicate Thos £hr e

rated thickness in the Toroweap aquifer originally ranged from 1%
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 TABIE 1., WATER WELL mu.vudqu-www AREA, COCONINO COUNTY, ARIZONA . - S e T K

Remerks: € = quality of water data available
L = drillers' log gvallable

: . Btatio Wate ve : o o J_“'f N R
Rerorted Diameter Land . . v

‘ ' L *  Feet Below - Pump
: . Date Depth of Casing S8urface ¥ater Bearing - Land Date RBetoe
" location Complated of Well {inohes)  Altitude® Strata Surface Hensured ™ Bemarks
(A=29-1)29b - 1,275 - 5,760 Cooonino Sandstone - - N Anita Ko, 1 well. . L. ;
’ (‘_29_‘1)2940 b-sa 1,130 - 5,775 ' Hermit S8hale . - 1,020 4'58 005 Anita No. 2 wall, Lo.
(8-29-2)16 1904 ) 14 ' e ‘ 6,50 Toroweep Formations 500 1904 - Anita Copper Qm 'Bhatf..
. (A=30-2)8a1 10-68 600 o 6,500 = Toroweap Formatlon hzo 10-68 €0.1 Gray Dick Drill Hole No. 1.
i ’ . . Plugged back from 733 feat.
A=30-"172 1472 50 s 6.500 ~ Toroweap Pormation - 512 1-72 <0.1 Grey Dick Driil Hole Ko, 2, °
(4-3 * ? 5 o5 ) . . Pluzged back from 640 reet: '
(A-30-217 1930 . 1,000 © ee .t 6,425 Coconino Sandstone ary - - _Santa Fe - Anita ¥Yell, L.
(A=30-2)20a 1966 ) 628 - o 6,600 Toroweap Formation 550 . 10«1?—66 1.5 Thurston No. 1 well,
- o - . , : . Plugged beck from 735 feet,
(£-30-2)25a2 1966 . 650 ’ -— 6,600 - " Toroweup Formation e~ - E 0.75 Thurston No. 2 well,
(A-30-2}2ubbh 966 ' 730 o 10 6,550 Toroweap Pormation - 542 10=17~66 -+ 0.5 Thurston No. 3 well. IL.
(A-30-2)25b 1962 v 630 - o 6,680 Toro.?teap Formation == T e <0.1 McAfee-Meeks No. 2 woll. L.
A-30-2)2¢ 1- L o " Toroweap Formation 540 - 11461 4,5  Mcifee-Neeks No. 1 well.
{A-30-2)250 11-61 L 623 o 8 , 6,670 : 584 © 1263 - gluggod tack from 1,400 feet,.
. ’ « L.
Al

® foci ~1.0ve mean sea lovel, determined from topographic map

-
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1:’to 188‘feet. Records also indiLate that these sabdrated Shich

- decreased With»pumpage. ;

':,;r~~:fﬁe;discherge rate of the FeIIS‘listed in Tab’e L raun;u freﬁ‘
leSS'than‘O.l to 4.5 gpm.; Becords and notes' in-the files of the
N Water Resources Division, U.S. Geological Survey, Flagstaff,

,Arlzona.-suggest that the-larger dlscharge rates were excessive. -

- SPRINGS

*;Becords are available for four large springs whieh ooour in
};eanyonshﬁribﬁtary to the south side of .the Grand Canyon. These
'records are summarized in Table 2. These spriqgs yield water |

" from the regional Redwall-Temple Butte-Muav aquifer.

. THE AQUIFER SYSTEN

Water enters the Paleozoic rock aquifer system via infilltra-

.
]
3

tion from ephemeral stream-flow resulting from storms and snowmelt.
i The greatest amount of precipitation occurs in the month of Auvgust,
..and may occasionally be sufficlent to cause surface runoff. Streanm-
flow is reported to be most common during the early spring and 1is
derived from snowmeli. Metzger (1961).1ndicates that recharge on

'  the Coconino Plateau in the vicinity of‘the south rim of the Grand
Canyon may be in the range of 0.01 to 0.04 cubic feet per second _
per square mile. Inspection of records for water level in wells
indicates that the general direction of grovndwater movement in the
Voqui-Tusayan area is toward th: south and west ‘. vioon SR

pondence with the regional dip of the Paleozoic strata.



Table 2. DATA FOR LARGE SPRINGS, MOQUI~-TUSAYAN

Land
- Surface . ,
Location Altitude® Source Rock
(A=31-2)7 3,750 Muav Limestone
(A=31-2)13abd 3,740 Muav Limestone
fA=32=3)31b . 3,165 ' Muav Limestone
(B-33-8)un 3,250 | Redwall Limestone

* feet above mean sea lovel, determined r:oﬁ topoéraphio map"

AREA, COCONINO COUNTY, ARTZONA

Discharge _
(gpm) Remarks
210 | Hermit Springs
300 | Indian Garden
- Springs
42,000  Blue Spring RS
29,000  Havasu Sprinmgs ©T. 7

Total Discharge (rounded) 71,500 gallons per minute

d 1
B et L.
. .
. 3

160 cublc feet per second ‘_..fff} 7
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7 NHOQUI VELLS ' BT * 'fV 'f
: T o
T The~five Moqui wells were inspected and m2asured on Moy 27,
»19??. Two of these wells are facorded in the files of the Vater
Resources Division, U}S. Geological Survey, Flagstaff, Arizone,

: 4n McGavock (1968), and on Table 1 of this report as Mchfee-leeks

 .‘§0¢ 1 and No. 2 wells. The locations of the wells are showa on

5-;Figure 2. Drillers logs are'dvailable'for“the McAlee-leeks No. 1

"_'well. . The five wells are dliscussed individually as follovs:

‘- McAFEE-MEEKS NO. 2 WELL: This well is located 55 feet west.
. from the power pole ad jacent to & large yellow water storage tank.

-~ The well appears to be equipped at present with a submersible pump

~]1 and discharge line; however, vendalism to the electrical controls

HA5atTthe surface has occurred end the pumping hquiphent is inoperable.
f__?ield neasurements indicate an eight inch casing which projects
}:féii,inches above land surface for this well. Measurements with an
eiedtric water-ievel sounder-ind;cate the well is presently open

1f‘to a depth of 522 feet. No water was encountered to this depth.

f[ﬁ'f{;inecords do not indicate the depth to water level in this well;
’*haﬁqver, an original water level of 550 feet is estimated and it

is probable that the pump is set at a greater depth. Caving of

 'the wall rocks in the well is believed to have prevented the

spﬁnder from réaching water level. If the hole has caved, the

pump may be locked in placé and the well probably cannpt be rehabil-

ttated. . | -

FIRST NON-RECORDED WELL: This well is located 41 feet west

from the power pole adiacent to tha vallew water tank. The wall
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Third Non-recorded gg;;;;
»

Well \\g\s

McAfee-Meeks No., 1 —
Vell :

[ d

. Scale
-1 inch = 2,000 feet

DI

Second Non-recorded Well
Pirst Non-recorded Well
McAfee~Meeks No. 2 Well

FIGURE 2
LOCATION OF MOQUI WELLS

134
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18.not p&esently equipped. An eight inch casing which projected
~one foot above land surface was ﬁeasured in the field. The well
is q?ved and rilled with rock and soil.'and could be probed only
to & depth of U1 feet. | | |

Interviews with local individuals 1ndicate that thls well may
have been the original McAfee-Meeks No. 2- well and was dynamited

- in en attempt to 1ncrease the yleld; however, after the explosion

the well collapsed and was abandoned.

’ “SECOND,NON-RECORDED WELL: This well is located apovroximately
,  150 feet north of the yellow water tank. The well is not presently -
equipped. Field measurements show a nine 1nchicorrugated Pipe

oasing which projects three feet above land surface. The well is

- _partly ;111ed witn rock and soil and could be probed only to a

depth of 18 feet. . _ ~;-'»*A,f_ T,

 McAFEE-NMEEKS NO. 1 WELL: This well is located several mundred
”féétAsouth of the yellow water tank and 28 feet west of the tree

on which the electrical control box for:this well is mounted. The
| vell appears to be equipped at present with a submersible pump and
disqhﬁrge lihe; however, vandalism to the electrical controls at
the surface has occurred, and the pumping equipment is inoperable.
Records and flel& measurements indicate an eight inch casing which
‘ ﬁrojeots six inches above land surface. Measurements w;th the
clectric sounder indicate the well is presently open to a depth of

k79 feet. There was no indicaticn of water at this depth.



o Because records 1nd1cate that the depth to water level .in this
well was 5@0 feet in 1961 and 58& feet 1n 1963, it is probable that
thq pump.is,set at a greater depth and that caving of the wall -
rocks in the well prevented‘thg sounder from reaching water level,.
If the hole has caved the pump is probably locked 1n place eand

the well cannot be rehabilitated. Lo ‘f“f:i{f:“”“

THIRD NO&-BECOBDED WELL: ‘This kéil"ié”lbcatéa-éeveral
hundred feet south of the yellow water tank and 83 feet north of
. the tree on which the electrical control‘boxu;S'mfunted. The well: -
.aﬁpcars to.iavé 5een.e§u1pped wifh‘a-subﬁersibie punp and discharge -
. 1ine, but the well appears to have caved and been partially fi;led
with rock and soil which has locked the punp in place. Fileld
~-<measur§ments show a six inch éasing Whoséf£op is fluch with the -

gronnd level. The well was plumbed to a depth of 481 feet at
which obstructions prevented further penetration. The discharge~
- 1ine was plumbed to a depth of 600 feet at which depth the top of
_‘the pump may have been encountered. No indication of water was
fround. althouzh examination of records for McAfee=Meeks No. 1 well
; sdggests'that a water level of approximately 540 feet beiow land

éﬁrface may have been encountered at the time of drilling.

}

' .It éppéars that the pump in this.well is locked in plece, énd
the well probablé cannot be rehabilitated. ttempts at previous
rehabilltatioﬁ are suggested by damage to the upper part of the
discharge line. This well may have been the original McAree-Meeké
Ho. 1 well. ’ “
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" ANALYSIS: - Although the pumping équipment is probably locked -

into position by caving in the wells and although records and a

: ,600 foot measurement iIn the discharge line of the thi:d non-record--

. ed well suggest progressive decline of water levels, attempts

‘could be made to produce'small amounts of water from the two equip-

" ped wells. If the pumps can be pulled from wells (A-30-2)25b and

(A—30-2)250, the pumping equipment could be inspected and the welis

cleaned by balling and water level measurements made. If small

amounts of water are found below the 600 Toot level the pumps
:.‘cqnld,then be reset‘and the wells placed into intermittent low--

' §$161& operatioﬁ-at an aggregate pump rate of less than one gallon

"per‘mlnute.

o Hoqui wells are as follows: o . -
o Movestn s E 8500400

-\

.Approximate costs for well rehabilitation attempts at the~-;ﬁ"~”

Pump removal T - 300.00
(Minimum of 3 hours @ $100. OO/hour)

Bailing time koo,00
' (Hinimum of &4 hours @ 3100 OO/hour) )

:i Resetting pump - " 300.00
:" = (3 hours @ $100.00/hour) A

. Total $1.§00.00

 .jThese costs_are'd minimum estimate of total costs. because:

r,l.l’Pump removal is probably not possible.

. 2+ If pump removel can be accomplished, the time required
' for removal may te much lenger than indicated.

.3. Ir cavlng occurs during bailing, much longer baliling
- times may be required. . o
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Because the ccsts for pdss;ble_rehabilitation are high and
because bpe potential fér-watefeproduction is low, 1%t is recommend-

ed that the Hoqui'wells be abandoned. .-
o . : B

-
: -~

; o
. E
- R .

[ . ‘-

. . -
. - -
- - . .
- ;  — -
. . : ; ’
.- ce
N -
N .
e
- s .
. —
i -
-
-

-



