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Mr. Jerry Larson

Alaska Power Authority

334 West 5th Street

Enchorage, Alaska

Subject: Pelican Project. Final Phase I Report
Dear Jerry:

This letter transmits five copies of the final Phase I
Report on the Pelican Project. It differs from the copy which
Harvey gave you at P in the following re-
spects:

3
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1} Appendices E and F are included.

2} The economic analyses are based on a SQWyear study
period, which represents the economic life o©f the
hydro facility, rather than the 35-yvear amortization
period. The text is edited to reflect these changes.

Harvey reports that we are authorized to complete our

obligation under Phase Eg so the remaining 45 copies will be
printed and expressed to you next week. Have a good holiday,
and I hope to be seeing you soOn.

Cregégan
VACQ President

Northwest Region

Pat
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SECTION 1

SUMMARY AND CONCLUSIONS

SUMMARY

The Pelican hydropower plant, located on Pelican Creek,

y

nas been and still is a valuable source of renewable energy.

This study reviewed the various reports written on one phase

or another of the plant and/or creek. The published infor-

mation was used where applicable and augmented with new data
o supply needed information. The report points out that
the town of Pelican, with its fish processing plant and cold

storage, is a vital link in the econcmy of the Alaskan fis

g

industry. The report also points out that a reasonable cost
energy at Pelican will aid the fishing industry in being
competitive with the world market. The report concludes
that the Pelican hydropower plant facilities are in need of
modernization to overcome the low efficiency that the pres-
ent eguipment is operating at, and take better advan

Yo,

available head and water supply-.

CONCLUSIONS

1. The energy demand at Pelican i

kﬂ
ot
v
{3
g
ﬁ}

sing.

2. The present hydropower plant does not have the ca-

pacity of meeting present lcad demands without diesel aug-

N o

3. The diversion dam is in need of immediate repair.

This would consist of replacing the lost rock mass.

4. The dam is in need of grouting, to keep the abut-
o o e s e g 7 . . P 1A om0
ments from eroding, save water, improve power vyield and

[P o N [ | o - R e AT " i I T A B i .
salety, and extend the life of the facility to 50 vears.

120/5 §




. ne intake gate needs to be replaced and remotely
ocperated, for protection of the operator. This can be ac-
s i R, SN % % -4 . g o, ) 3 %
complished by using a simple hydraulic system.

©. Using the full head from the dam to the forebay
would increase the hydropower production by 4 perce
is recommended that a 60" pipe replace the present flume,
some of which is in ne

avoid the chronic tunne

ot
o
<
[
b}
w2
e
)
]
s’
e
b
=

7. The forebay should be improved into a surge chamber

and efficacious debris basin.
8. The penstock needs to be replaced.
9. The present control valve, turbine, governor, gen-

erator and switch gear should be replaced with a new machin-
ery package {(one 200 kW and one 250 kW turbine).

10. The powerhouse needs to be remodeled for the new
equipment and repaired where needed.

1l. Additional head should be utilized by extending the

draft tube and building a new afterbay with tailwater eleva-
tion at MHW.
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SECTION 2

INTRODUCTION

AUTHORIZATION

USKH-Engineering-Science {(USKH-EZS), located at 2515 A
A

Street, Anchorage, Alaska 99503, was selected by tl

@

Power Authority (APA} in response to its submittal of qual-
ifications. After being selected to perform the feasibility
assignment of Power Alternatives for Pelican, a letter was
received from APA, dated 4 HNovember 1881, notifying it to
proceed, The contract between the parties was signed Novem=
ber 3. 128B1.

PELICAN, ALDABEKA

Pelican is a small community governed by a town coun=
cil. It has a permanent population of approximately 180
people and 200 temporary residents during the fish process-
ing season. t is located on the banks of the Lisianski
Iinlet at the mouth of Pelican Creek on Chichagof Island, 70
miles

of Juneau. The site for the town was selescted
because of its central location to service the fishing

fleets 500 miles north and south, its harboring facilities,

its water supply, and its hydropower potential. The economy
ig based on fishing and fish processing facilities which are
located within the comnunity. It has its own higyh school

o
and grade school. The water is obtained from Pelican Creek

for the community and fish proces

P
bt




power is dependent of whether the ccld storage and secondary

processirg is expanded. The expansion of the fisq process-

ing plant, which is presently being investigated {Scenarioc
#2, Section 8) by the Pelican Cold Storage Company, 1
for only about .66 MW in total production.
THE PRORBRLEM

The APA has employed the services of USKH-ZS to perform

a reconnaissance-level study, as outlined in Sertion 2, on

the power facilities at Pelican, Alaska for the purpose of

e altarnative to

[

leading to a feasibility study of a suitab
meet the power needs presently and in the future. The re-
gquirements are outlined in the APA register 1981 3AAC

G4.05%, Sec. 4 as amended.






12377

«792@

scope of work for the Phase I Reconnaissance

of relican Power Alternatives is gquoted 4&ir

contract as:

Obtai

in existing documents and guidelines from
Alaska Power Authority in Anchorage. Contact
State and Federal agencies in Juneau and
Anchorage for reports and projections
concerning the project area. Contact the

Pelican Utility Company and the cold storage
rlant at Pelican by phone to obtain data on
iloads and load proijections. Research in-
house files of consultants on similar proi-
cts. Review regicnal faulting and seismic
ata. Interview DNR and CCE officials famil-
ar with dam @afe,g programs and the U&lzﬁan
reject, in particular. Consolida the
research information.

.

Field Investigution

Observe existing crib dam, dam abutments and

channel conditions, flume foundation cupport,

wood-stave penstock foundation and anchor

supp@rt; assess overall slope stabilitv, and
tunnel condition. Cbserve general geclogic

(9

conditions, and note particular zones of
weakness such as faulits and shear zones as
they may affect the prﬁﬁeﬁtn Make an initial
assessment of cause of “setclement” reported
under spillwav. Observe power house and
foundation conditions. ’&kw initial geotech-

fat i . c
nical reconnaissaice of overall project area
1 t

to assess possibility of transmitting water
directly from sources %ﬁ Mzmnws %i@v&ti&n@ in
e T c 7 - o . “ ] =
the watershed. Document 3




(3]

using pnotographs, sketch maps an CIGES
sections

Obtain and confirm one-line diagram of sys-—
tem, distributicon plan, nameplate data of
generating eguipment. Obtain revenue records
and daily load records fcr the past five
years, or obtain the best possible estimate
for this data. Determine the amount of pota-
ble water provided and the impact on the
hyﬁzae?ewhfic installation. Obtain informa-
tion on contemplated load growth and changes
in EO d Determine to the extent possible
the wishes of the community for future power.
Cbtain data required for environmental as-
sessments. Identify potential thermal loads

for cogeneration.
re a brief report of findings illustrat-
ed ulﬁ% maps, photos and sketches.

After examination of population growth, eco-
nomic activity, future uses, appliance satur-
ation levels, anticipated cost of power and
existing power generation facilities, a fore-
cast using APAR's regulations will be made of
elcetrical energy and peak locad reguirements
to the year 2002,

Alternatives

Review and determine the marketability of the
available power géﬁ@;ﬁﬁl@ﬁ options. Include,
as a minimum, onsideration of: repair and
improvement Gf the existing hydro plant,
increasing the hvdro La§abiliiy’ by drawing
water from other watershe adding generat-
ing capacity to the existing hvdro plant, or
diesel generation.

Based on initial screening, formulate three
or more energy supply plans to satisfy Peli-
can's forecasted power needs ocover a 20-y.-
planning period. One plan, termed the base
case plan, should be based on a continuation
cf present pzautiCQm and a minimum level of
repalr work to maintain an acceptable level
of safety. The other plans should be formu-
lated using one or more of the optiong earli-
er identified. A11 plans should incorporate
ilization of waste heat (if any) to the

that such use is economically Justi-

,ﬁ.}
[




LR - 3 T s o g oy e o vy
5. Cost Estimates

Daevelop detailed, site gpecific, cost esti-
mates for each =alternative tha passes the
initial screening. Calculate the present
worth of 1ife c¢ycle costs for each energy
supply plan in K?EQlﬂg with the Alaska Power

Authority standard procedures.

Collect the necessary data and evaluate the
impacts of each energy supply pilan in keeping
with the economic, environmental and techni-
cal indicators specified in Power Authority
reconnaissance study regulations.

"6. Report

Prepare a draft Phase 1 report in 20 copies,
respond in writing to comments received on
the draft report and prepare a final report
in 50 copies. The Phase 1 report should

dentify the additiocnal data collection and

analysis needed to complete a detailed feasi-
nilty report and prepare the necessary permit
and license applications for project con-
struction. The draft Phase 1 report will be
submitted not later than January 31, 1882,
and final report March 15, 1882.°7

pj&

Task 1, Data Research, is reported in Appeudix A.

Task 2, Field Investigation, is reported in Appendix B.
and Sections 5 and 6.

Task 3, Load Forecast, is based on response to a gues-
tionnaire sent to the Pelican Cold Storage Company. This
method of forecasting was used because Pelican 1is a "one
company town”; the company has the only record of power
consumption: and the company alone knows its plans for power
corsumptiont. The completed guestionnaire 1is included in
Appendizx C and the actual load forecast is the subject of

Saction 10.

5,9‘3

Task 4, Alternatives, is the subiject of Section 11.

Task 5, Cost Bstimates, is included in Appendix E.
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SECTION

o>

DESCRIPTION OF THE AREA
LOCATION
Pelican is a small fishing village (population 175-200)

located on the westerly side of Chichagof Island in south-

Its water supply. used for domestic and industrial

consumption and for hydroelectric power ceneration, comes

+hy
b

om nearby Pelican Cove Creek on which th~ Pelican Cove

reek Dam {(long. 136°12.4'W; lat. 57°57.4'N) is situated.

O

REGIONAL GEOLOGY

Chichagof Island lies in a broad belt that strikes
northwest and southeast in conformance with the prevailing
trend in southeastern Alaska. Within this belt, intrusives,
made up largely of guartz diorities and other granitoid
rocks, have been intruded parallel to the stratified country
rock. These intrusions were accompanied by metamorphism of

some rocks and extensive deformation of @raw@xigtiﬁg rocks

including folding, breaking, and moving of rocks by uplift
ing alonyg vertical faults, strike-slip faults and possible

thrust faulting.

REGIOHAL SEISMICITY

Chichagof Island lies within the bread region of earth-
t

hat includes much of southeastern Alaska

Ax
hia. Records are Tew and of short duration due to the




gquake of magnitude 7.1 on the Richter scale took place in
2

The damsite 1is on Pelican Cove Creek, a deep, steep,
narrow gorge vunning down the mountainside from a narrow
plateau to tidewater. Bedrock has been identified as =z

enite. At the damsite, the weathered zones have eroded
away due to water action and the exposed foundation rock is

a moderately Jjointed, sound, durable material.

e
5
v
n
feend
O
%

"

PHY AND CLIMATE AT PELICAN COVE CREEK

The drainage basin {see Figure 4.1) above Pelican Dam
s

e
are miles and is located about 1/4 mile above
r

s 12.95% sgu
the mouth of Pelican Creek which empties intc the Lisianski
Strait near Pelican about 70 miles west of Juneau. The
drainage basi iz one of a multitude of watersheds which

drain excess precipitaticﬂ and snowmelt from Chichagof Ig=-

and. Basin topography ranges from a steep narrow canvon at

]

the damsite to gentle sloping streambeds in the intermediat
elevation zone with headwater areas beginning on steep pre-
cipitous mountain slopes whose peaks reach about 3,000 feet.
Loweyr elevations of the watershed are covered with dense

stands of conifer trees underlaved by a thick blanket of low
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removed to near bedrock by past glaclation. Prevailing
oty e ot e W oy o o e g e s ) 1 o g e Ty am o g E o vy e .
maritime storms dyrench the area with heavy precipitation
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by the end of July. L.ate October and early November rain
normally produces the most severe runoff condition when 24-
hour accumulation reaches 8 inches or more. Long-term cli-

conditions at 3itka for a 99-year period show a mean annual
temperature of 43°F with extremes of 90°F and -15°F and
{ st

verage annual precipitation is 97 inches. During the la
rs, the Pelican precipitation has averaged 150" per
e

v a
year, while at Sitka the average was 120" per ¥
e

G. 0. RBalding reports average annual precipitation at
Pelican for the period of 1967-1272 to be 126 inches, dis-
Tty

buted as follows:

January 10"
February 120
March g

April 7"
May g
June 3
July 3
August 11
September 19"
October is®
November 1

December

HYDROLOGY

any surface water supply or power study reguires Xnow-
ledge of the hydrology of tributary watershed. When no raw
44
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The U.S5. Weather Buresau reporits that no published pre-
& = E
cipitaticon records exist for Pelican. G. ©. Balding reports

ec

in one of the wettest spots in the north American continent.
Topographically, it produces very high rates of runoff. The
land above elevaticon +750 has been polished thro

action and will produce almost 100 percent runofs. The land
below elevation +750 supports conifers, 1is s

T P -,

guite a thin soil mantle. Therefore, it will also have

f

high runoff factor. These cbservations related to precipi-
tation were not used directly in the hydrologic investiga-—
tions related to the project studies, but were used indi-

rectly as checks on the reasonableness of conclusions.

There are no runoff records on Pelican Creek, but the
U.5.G6.3. does have some gaging stations nearby. Cne is at
Black River on the far western slopes 0f Chichagof Island

only about 20 miles southerly from Pelican. Two are on Hook

§"

Creek, located about 43 miles southeasterly from Pelican on
the leeward side of Chichagof Island. Ancther is on Tono=-

lite Creek, sometimes known as Kadashan River, into which

Hook Creek [lows. Black River has only one vyear of pub-
iished record, while Hook Creek has eleven years. Gadly,
the mean runoff of Black River during the year of record

o
(8.91 cfs/sg mi) was exactly as recorded at one of the Hook

Pl

e
Creek gages during that same pericd. Since Black River is

judged to be representative of conditions on Pelican Cove

T
Creek, it was decided that Hook Creek would be ideal to use
for correlation studies. This was done {refer to Appendix
d in ereoject formulation

e
are contained in Table 4.1.

120/¢ REVI



MEAN MOWTHLY RBUNCOFF FOR STUDY AREA
o f

Total

Upper Pelican Pelican Pelican

Month Prionograph >EL+750 <EL+T750 @ Damsit
Normal Year Average

Oct 19.0 150.0 19.3 169.
Nowv 10.2 BC.O 16.3 89,
Dec 5.7 45.0 11.5 56.
Jan 2.5 20.0 13.0 33.
Feb 4.0 31.7 16.7 48,
Mar 3.5 27.5 11.5 3%.
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Jun 16.3 128 3.9 132.
Jul 6.4 50. 5.1 59.
Aug 3.1 24, 14.1 38.
Sep .8 61.7 24.5 86.
Dry Year {75% of Mean}
Oct 14.2 112.4 14.6 127.
Nowv 7.6 59.8 14.6 74,
Dec 4.3 33.6 B.6 42,
Jan 1.9 i5.0 8.7 24.
Feb 3.0 23.8 12.5 35,
Mar 2.6 20.8 2.5 29
Apy 5.5 42.8 .8 4%,
May 14.9 117.5 7.0 125.
Jun 12.2 96.1 9 29,
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SECTION 5

DESCRIPTION OF EXISTING FACILITY

PELICAN HYDROELECTRIC STATION

The Pelican hydrc system, mapped on Figure 5.1, 1is
omprised of a diversion dam, gate structure, flume compieXx,
tock, and powerhouse. In 1940, the Pelican Cold Storage

ok

2]
Company constructed a wood frame powerhouse, 18' x 33', with
concrete foundations. Within the foundation wall is a draft

tube sump {afterbav) with a 10' wide weir set above the

water level leading to a 6°' wide x 5°' deep concrete
a

The concrete in these facilities is heavily deteriorat-
ed. The deterioration appeared to be caused by freeze-thaw
action on outside walls, lack of converting water energy %o
electrical energy in the afterbays, and saltwater freeze-
thaw on the lower founcation outer wall and the raceway

walls.

The equipment in the structure is a James Leffe] & Co.
horizontal hydraulic turbine, 23-inch double d
constructed in 1906, 26-inch twin draft tubes, 4.
ameter intake and gate wvalve (Ludlow Valve),
diameter shaft, ld-inch pressure relief valve, Woodward

R 3000 £+ 1b, 5-1/2 x 9, Patents 5/13/1890,
/15/1890, 8/30/1901, and B/11/1914, hydraulic oi:

The turbine was originally manufactured in 1906 fovr a
Denver, OColorado manufacturing plant to operate
foot head delivering 560 horsepower at 600 rpm with
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o ¥
iirectly on shaft--one on egach end. In 1940, the Pelican
Cold Storage Company purchased 1it. Sir e that time, the
turbine has been partially rebuilt in 195 when a new runner
was installed and the Woodward governor added to the instal-
lation. Other items have been replaced or =dd

i
added on the turbine as the need for improved efficiency and

greater reliability h
u

sticking under certa locads. However, the system of lubri-
cating would prevent the Pelican Storage Company from using

s
the water from the power plant afterbay for a plaune& £
hatchery due to the water guality during the time of lubri-
cation. From tests that have been run recently, the turb
has lost from about 20 to 30 percent of itsg efficiency. Tom
Whitmarsh, the plant superintendent, inspected the interior

5

of the turbine and found some of the sharp edges of the

impeller bent in the same manner as the o¢ld one that is

stored in the powerhouse.

The 42-inch shut-off cate valve {(Ludlow Type) Just
ahead of the turbine had developed a crack in an old repair.
The cause was determined to be water hammer generated when a
tree fell on the penstock and broke it. In 1980, this valve
caused a two-month shut-down. The condition of the valve
was recorded in Tom Whitmarsh's report, January 1981, where
he reported the valve to he in poor shape. Its condition is

due to age.

The penstock, constructed in 1940, is a continuous wood

o

tave pipe 36 inches in diameter expanded to 42 inches Just

m

ahead of the Ludlow Valve in the powerhouse. It is about
310 feet long on a grade of about 19°, on a timber (yellow
cedar) trestle. It terminates at a wooden box forebay. in
November 1981, a tree fell on the penstock and broke it.

The repair necessitated bringing in new material and a spec-

ialist to make the repair. Before the repairs were
b3
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several places that were thin and the H connectors corroded
and failed. He felt that the facility was nearing the end

wint
tempreratures, the penstock 1s leaking so badly that it 1is
alk

Qd‘ﬂ%él”@l for a person to wa

The generator 1is Genevral Electric Schnectady A.C. Ro.
607224 PFI Type ATB 10/500(750/735) Form C, 500 kW, 2300
volt, 125 amp speed 750/735 Patented 12/15/%6, 8/239/99,
11/20/1900, 4/2/1%01, and 12/2/1902. This generator was
designed for and driven by an induction motor. It was rated

for 500 KVA at unity P.F. and suitable for a 50 percent

r
overload for 2 hours. The field winding was designed for a

amps . The field resi:

e8]

5
tance at 25°C was measured to be .75
ohms. This type motor-driven generator was not designed for
the overspeeds that occur on water-driven turbines. Over-
speeds have been recorded on the volt and cycle meters.
Those meters pegged out at 3000 V and ©4 cycles. The over-
speed didn't seem to do any damage to the generator. The
nsulation is flaking off, but is being painted over with
glyptol. This past summer when water was available, the

generator was brought up to its 500 kW capacity.

The generator excitor is a Westinghouse 10 kW, 80 A

{(amps), 125 Vv, 1150 rpm, Type SK, Fram 63, Style 1167920,
serial 244, D.C. driven by a CV belt pulley. This piece of
equipment runs hot and must have a cooling system to oper-

ate. fhe new excitor is a Fidelity Electrical of Lancaster
PA, 10 kw, 120 Vv, 83.3 amps, serial 046380, 1450 rpm. it

o)

has never operated as intended. Both of these excitors are

o
O
{"i‘

reliable enough to continue operation for any extended

The switch gear is as follows:

ammeter, reads to 150 amps, 1 G.E.

rector type GDA=32) 1 AC voltmeter
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The tunnel is 5° x B

tached at each end and show some leakage at the connecting
points. The tunnel has had cave-ins thaet have closed off

about 1/3 of the capacity. The flume from the tunnel to the

dam is 5' x 5' x 104' long and 1is the original structure.
This section is in need of replacement due to the condition
of the timbers and loss of water. The maintenance of this

area is very costly. The intake gate at the dam is worn out
and very dangerous to operate. It will not shut the water
out of the flume which causes a slowing of the maintenance

workers who have to get into the facilities.

The rock-filled timber crib dam is 135' long and is 22°

high. The spiliway is 50' wide and has had as much as 5°

flowing over it at one time. Due to the lack of soil and
vegetation to cover the drainage areas, the flow over the
i ' in a 12-hour period. This variance is

E an unusual occurrence. During the cold months, Decem-

per, January, and February, there is rarely enough water €O
generate much power. Most of the available water is used

for the town. During most winters, the hydropower plant is
completely shut down for a periocd of up to 4 weeks. The
planking on the lake side of the crib dam ig vertical T & G
3" thick and 8" wide. The dam top surface is 2" x 12°
double~planked with the lower Dboard Jjoints lapped by the
upper boards. The wing walls are vertical planks. The rock

‘,

}.....t

1 under the spillway has slumped about 3 to > feet. The
abutments that did not have a tight seal are showing signs
g

of heavy erosion.

STANDBY DIESEL PLANT

There are four diesel generators which provide about 25
percent of the electrical power and are used when the hydro-

power plant canrot supply the needs. Those peviods of time
are usually in the summer when the fishing season is at its

peak and the winter when Pelican Creek 1is at

120/10 4757
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the town system needs the majinrity of the creex flow to Keep
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the water system from freezing. The generatore are:
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1. Caterpilliar D-333A, 18I rpm, 100 kW, 480 volts, 3

2. Caterpillar D-333A, 1800 rpm, 100 kW, 480 volts, 3-
rhase, serial 1058H501, purchased 1964.
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4. Caterpillar D-3408, 1800 rpm, 200 kW, 480 volts, 3~
phase, serial 2058H1099, purchased 1974.

"or all users, hydropower, town, and processing

plants. In the winter, water from the creek 1 passed

»

through the system to keep it from freezing This winter
use is a wise use of the heat that is in the water. If this
heat could not be taken advantage of, then che town would

have to heat the water system with electrical power.

The watershed that provides the water has little cover

to provide some natural purifying processes. The water,

s

when it rains, will often find its way into the town system

within a few hours, tco short a time to catch some form of
contaminents. Since the water 1is used for processing food

tem in the future may need a means of protecting its water

gquality from some forms of biolngical contamination.
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ne cam serves a valuable function but is in urgent
nee of repair. Should it wash out, it would be difficult

expensive structure to replace. Accordingly, 1if 1t
survives the spring runoff of 1982, restoraticn is recom-
mended during the next low flow months sc as to give it

renewed economic 1ife.,

Pelican Lake, behind the dam, is a sghallow reservo

naving a volume of perhaps 50 acre-feet or less. Total
failure of the dam is envisioned to occur during an excep-
tionally high flow, and would probably be progressive. No
downstream loss of life or property would be expected from
the dam failure itself, although such could be expected from

the one-half probable maximum flood. Restoration and up-
grading 1is required to protect the investment and permi

continued hydroelectric power generation for the community

of Pelican.

Thie

n
o
8

m leaks badly and the rockfill in the cribs is
reported to ha siumped 3-5 feet. This slumping is judged
to be the result of a combination of bottom rock being car-
ried away by leakage through the dam and higher rock being
sucked out of the downstream face o©f the dam by negative
pressure under the lower nappe o©f the spill during high
discharge.

Abutment abrasion has been reported. This 1is inter-
preted as the effect of jetting action at leaks.

The crib logs, connected with iron pins, are reported
to be in basically sound condition, with rot around some of

the pin holes.

The right wing wall also leaks badly an

a ¢
impression of being rather flimsy in the face of high flows

&
i 3 ¥ -~ £ % =] DT S BN
which ofcten reach 1000 cfs. he dam should be made capable
; .o N P
of passing 8,000 cfs.
T g P R ool . FE. -~ e o,
I'ne 54" siide gate at the flume intake needs to be re-
oy - W = "y - R T
placed. At the present time, a jack 1is used to




spillway planks, refilling the cribs with rock, replacing
the spillway planks and replacing the valve. That progam is

3

The recommended program 1s to convert the dam proper
from a rock=filled timber crib with a guesticnable 1ife to a
permanent gravity concrete dam by intrusion grouting of the

existing structure. The procedure would be to:

1. Stop seepage by covering the upstream face of the

dam with tough temporary construction fabric.

Z. Ballast the sheet with 2 feet of gravel.

" @ steel pipes

a 8
rtically to bedrock at 15' + c¢/c along the axis

5. PRackfill these pipes and the dam itself to spillway
rade

with 3" to 5" open graded gravel oir shot

&. Cover the downstream face of the dam with a tough
{;—

conastruction fabric. She

euy §8 y 1 . -~ .
7. b2 PMPs, and connsco
oy P . L
ading to the

a grout mixing tank.
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