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Gentlemen:

We are pleased to submit herewith our atudy and
report on "Increasing the Water Supply of the Panama Canal."
This report is submitted In accordance with the provisions
of a Contract for Engineering Servicea, No. PC-2-780 dated
10 July 1961, Modification No. 1 dated 31 October 1961 and
Modification No. 2 dated 6 April 1962,

Tais study and report particularly considers the
construction of a Dam acrose Trinidad Arm of Gatun lake,
Canal Deepening by five Teet, and Pumpling Jea Weter into
Gatun lake. To a lesser extent 1t 2lso conaiders construc-
tlon of a dam on the Chagres River above the existing Madden
Dam, ralsing Gatun Lake by cne foot and by five feet, and
constructing a Cano Quebrado Dam. A1l of the latter projects
are unatiractive elther because they do not produce sufficient
water storage or are too coatly for the results obtained.

A Dam across Trinidad Arm of Gutun Lake, the Canal
Deepening or Pumping Sea Waler lnto Gatun 'ake are feasible
projects and any one of them would provide the nacesaary
additional water for navigulion for a reasonable time into
the future even in low water yeara. Initi1ally In these
studies, only a preliminary investigation was made of the
Pumping Sea Water into Gatun lake as it waa presumed this
would not be atiractive. Howcver, this preliminary con-
slderation indicated that such - proposal dova have
congiderable merit and 4 more complete study was authorized
by Contract Modiflcatlon lo. .




H

{;IDOR ENGINEERING COMPANY

express our sincere appreciation for the unstinted cooperation
and assistance rendered by all departments and perscnnel of

Panama Canal Compuny
—2-

The more complets study of Pumping Ses Water
into Gatun lake shows this method of providing an increaged
water supply for the Panamn Canal involves the least initial
capital cost and the facilities can be built in incremsnts
gererally as reguired to meet any traffic growth up %o the
ultimate lociage capacity of the Canal. However, the oper-
ating and maintenance costas are high and thus make the overall
economy of the plan less attractive than 8 -Dam acroas Trinidad
Arm of Gatun Lakq.

The Canal Deepening will provide for more additional
lockages than 2 Dam scross Trinidad Arm of Gatun lake but the
capital cost of the deepening 1is considerably greater than the
dam.

Bocause a Dam across Trinidad Arm of Gotun ILake has
the gregtest overall econonic attractiveness, broviding it is
built in conjunction with the current Canal Widening pProject,
and for other ressons whickh are covered in the report, we
recommend that 1t be selected for conatruction.

_ As a corollary to thig study 1t 1s indicated that
there may be a substantial advantage in adding to the generating
capacity of the Madden Dam power plant and we recommend that
this pos3ibility be more completely explored.

We desire to avail ourzelves of this opportunity to

the Canal Company in the conduct of thie astudy.

Very truly'yours,

R&2ph A. Tudor

/
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I.  AUTHORIZATION

This report 18 submitted in accordance with the terms and provisions of

a Contract for Engineering Services, No.

BC-2-780 vetween the Panmama Canal

Company and Tuder Engineering Company dated 10 July 1961,

including Modifica-

tion No. 1 dated 21 October 1961 and Modification No.

2 dated & April 1962,

lackage

commection with a Dam mcross

IT.

FURPOSE AND EXTENT OF REPORT

The dbasic purpose Bf this report is to provide results of studies of
schemes for Increasing the water supply and nevigational depths of the Panama
Canal. As corollaries to this basic purpose the matters of flood control and
powver generation have been considered. '

The contract provides that the extent of the work shall include the
following:

1. A feasibility study of the construction of & Dam across the Trinidad
Arm of Gatun Lake using spoil material from the widening proJect at Las
Cascadapn-Bas Obispo Reaches. The study will include preliminery designs,
estimates and construction procedures for the construction of embaniments,
eplllways, control gates and other necegsary facilities.

2. Review of the presently approved program for Cut Deepening with
reference to the cost estimate and the foasibllity or difficulties inherent
in the project, based upon various methods of accomplishment in the face of
Increasing marine traffic.

3. Comparison of the advantages and disadvantages of the Cut Deepenting
and Dam across Trinidad Arm of Gatun lake rrojects from the point of view of

water supply, navigation depths, flood control, power generatlon and other
benefits.

h. Review of other methods of providing additional water storage for
purposes and brief description of their advantages or disadvantages.

5. A brisf review of the rower generation potentiasl st Gatun and the
feanibility of developing additional power by means of low head turbines in

Trinidad Arm of Gatun Ieske or by pump storage
elsewhsre.

6.  The necessary recomnaissance and on-site examination of field

conditicna for the purposes of the 8tudy recommend a minimum core boring

program for obtaining foundation data at the site of a Dam acrosa Trinidad
Arm of Gatun Iaks,
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III. DAM ACROSS TRINIDAD ARM OF GATUN LAKE

1. General

It is proposed to conatruct a Dam across Trinidad Arm of Gatun lake
pear Escobal on the Atlantic side of the Iethmus, It will extend from Punta Mala
on the west shore of Catun Lake to Gauchn Island thence to Tern and Booby Islands
in turn and finally to the eust shore. See Figure 1.

: By retaining and storing water behind s Dam across Trinidad Arm of
gatun lake during the wet season up to oleven feet higher than the normal maxi-
mum water surface of Gatun Lake, the water avallable for operatlocn of the Canal
will be increased by 430,000 acre feetl. The usuable storage now avallable in
Gatun and Madden lakes 1s/519,600 and 145,150 acre feet respectively, for a

total of 964,750 acre feet. The increase will thus Dbe Lha1/2%. :

The proposed Dam across Trinidad Arm of Gatun Lake will be approximately
14,400 feet long of which some 8500 feet will be constructed in water up %o
77 feet in depth. It will be a unigue construction project put one with many
pimilarities to a project constructed in 1955-1960 across Great Salt Take whers
31,000,000 cublc yards of material was placed for a railrcad causeway. The
foundationa of the two proJlects are similar in that both are poft lake bottom
mud, high in water content and having no shear strength. The two foundation
sonditions are dissimilar in that the mud thickness at the Greater Salt Lake
sits 18 about 25 feet and that at the dam site across Trinidad Arm of Gatun Lake
ig as much as 75 feet. The f£111 at the Greater Salt lake eite was aot placed
on the mud but the mud was removed so that the £111 could be placed an a salt
layer. The £111 material had to be quarried and it was found to be more
economical to remove the soft materlal over the salt layer rather than apread
the load over an extended base width with a resulting increase in the f£ill
guantity.

2. Geological Condltions

The geology of the site of the dam yas pxplored by geophysical methods
and for this the firm of Geo-Recon, Inc. of Seattlse, Washington was retained.
There report is in Appendix A.

Tn order to provide controls for the geophysical cbservations, the
Canal Company made three cored borings along the line of the dam between the
west shors and Geucha Island and a forth boring between this island and Tern
Teland. :

These investigations disclosed that overburden material found in the
vater areas include recent lake deposits, Atlantic Muck Formaticn, alluvial
deposits, and residual overburden. Between the west shore and Gaucha Island
(see Figure 10) these deposits consist of soft %o very soft clay, 8ilt, sand
and peat (Atlantic Muck Formetion) overlying soft to hard deposits of clay,
811t, sand and gravel derived both from alluvial deposition and the weathering
of bedrock. The Atlantic Muck Formation has an average thickness of about
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and a maximum thickness of 75 feet, In the lengths between Gaucla
Tgland and Booby Island (sec Figure 11), the Atlantic Muck Formatilon wae not
found and the overburden material is composed of soft silt and clay with thin

zones of organic material over weathered roclk.

60 feet

Virtuslly all overburden I1s characterlized by high water content and
low plasticity, and it is moderately %o highly compressible. It is unstable and
© will be compressed and displaced by the £i11 material and the dan.

. The three islands which are o the axis of the dam, all have an OVer-
lying stratum of soft overburdened weathered rock of variable thickness. In
general, bedrock 1s aveilable below elevation #75. The 1glands offer sultable
foundation condition for control structures.

The results of the geophysical surveys and test borings indlcate that
the site for a Dam across Ppinidad Arm of Gatun Lake 1g underlain by sedimentary
pedrock compesed primarily of sandstone and siltstone. Recorded seismic veloci-
ties are substantilally lower than those recorded over a known section of Gatun
Formation in the vicinity of Coco Solo Hospital, indicating a gofter formation
at the side for the Dam across Trinidad Arm of Gatun lake.

3. gxdrologx

The hydrology of the Panama Canal area 1a characterized by a dry
seagon that normally extends from about mid-December to the first of May.
The lowest recorded net inflow into the Canal regervoirs for the dry seascn

was 3 cfs in 1920.

Following the dyy Bseascn there 1a normally a period of approximately
five monthe of local thunder showers that will last from a few minutes to
geveral hours. Over the drainange area these storms are neither gensral nor

unlform.

During the remalning two mnd a half to three months of the fall
seagon, Tlecod preducing atorms of prolonged heavy rains often covering the
entire dralnage area are conmon. This is a particularly difficult aituation
as these storms come when it would be most desirable, from a water conserva-
tion viswpoint, to f1ll all reservoirs but it ls necessary to reserve space

for fleood contrel. .

The design storm for watersheds in the Canal Zone covers & alx-day
period and rainfall yeaches a maximum duwring the sixth day. The average
amount of rainfall for the period is eatimated to be 39.5 inches on the
1285 square mile area above Gatun Dam. The percentages of the total design
storm rainfall increase daily and amount to 7, 8, 12, 16, 24 and 33 percent
for each 2li-hour perilod. The pezk inflow of tne resulting design flood
occurs on the sixth day and exceads 1,000,000 ¢fs for the Gatun watershed.

The minimum annual runoff from the Gatun Lake drainage basin after
deducting evaporation 1osses occcurred in 1505 and was 2,710,000 acre feat.

The most critical pair of years was 1929 and 1930, with net runoffs of
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and 2,720,000 acre reet respectively. The records of annual runoff
ot several times there were two succesalve dry years but never three

1on that produced a water supply more critical than these.

3,240,000
ghow that
4n success

4. Dam Design and Construction

Tt is proposed tec build moat of the underwater portions of the Dam
across Trinidad Arm of Gatun Iake by barge dumping of material excavated in
connection with the Canal Cut Widening program. Thig widening program extends
ror approximately 8-1/2 miles along the canal from Pedro Miguel Locks to the
vicinity of Gamboa. Through this length the canal is being widened from 300
feat to DOO feet. Some of the widened portion is also being deepened by 5 feet.
A typical cross section 1s shown in Figure 2. The widened portions of Paralso
and Cucaracha Reaches have been depepened and the widened porticn of Empire
neach 15 being deepensd under an exiating contract. Tt is not contemplated to
deepen the las Cascadas-Bas Oblspo Reaches, or the previously widened Culebra

Reach.

In the widening operatlon, the procedure until recently, has been to
remove the materlal ahove elevation about +95 by contract and dispose of it on
the high ground back of the canal, The material below elevation }95 was broken

up by contract and then removed by Canal Company dipper dredges and bottom dump

parges to disposal areas in Tlooded sections outaide the navigation channel.
Consideration is being given to changing this procedure whereby the contractor
would excavate all materlal and be responsibple for disposing of 1t oither by

truck haul to the waste areaam away from the canal or to lake dumpa, &8
determined by economics.

To construct a Dam acress Trinidad Arm of Gatun lake, material
excavated from the Cut Widening would be loaded on bottom dump herges, Trans-
ported to the site and dumped along the axis of the structure up to elevation
$75. The cost of this material charged againat the Dam across Trinidad Arm of
Catun Lake, which comprises over 90% of the required fill for the dam project,
will only be the extra coet in handling and hauvling.

The Cut Widening program that will remain to be accomplished after
the current flscal year willl be the las Cagcadas-Bas 0bispo Reaches. This le
a canal length of about 3-1/4 miles, estimated to produce 5,860,000 cublc yards
of overburden, 5,660,000 cubic yards of soft rock and 5,000,000 cubic yards of
hard rock for use in the dam. This will probdably bulk not lesa than 15%, giving

a total placed volume of some 19,000,000 cublic yards.

etween Punta Mala and Gaucha Island ias

A ecross section of the dam D
underlying material, 1t will

shown on Tigure 9. Due to the poor gquality of the
be necessary to have a wide-based dum for most of thils length. Prellminary

desipgns fix this wildth at approximately 1000 feset. Based upon test data from
the Monte Liric Rallroad I'ill, 1t 1s assumed that the compression and displace-
ment of the soft underlying miterial will amount te 300 of the cross gection of

the deom.

Tor the dum between Gnuchn Island and Tern Island it 1is gotimuted

that the base width will be about 700 feet.
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A gecond pass would follow to Dring the level up to sbout eleva-

Barged material cannot be bottom-dumped above this level. The
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f cut widening spoil
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g that there will e some 71,500,000 cubic yards o©
+the neede of this work. o

I opera
this
apard

appear
that will be surplus %o

" The portion of the dam above olevation +75 will be bull® of guitable ;
oxcavated from the spillway and borrowed from nmearby scurces as ' i
Thia will Dbe accomplished by end dumping from trucks. If suitable i
is available from the cut widening, =bout 600,000 cubic yards could b
pe placed economically by the use of platform barges OF by dumping below K
elevation +75 and rehandling by dragline or clemshell. ‘The crest of the dam ! ﬁ
will be carried to elsvation 4105 and both faces above elevation +75 will be C g
protected from wave damage bY selected riprap and £ilter mterial 5 feet thick. :
Raising the water level behind the Dam across Trinidad Arm of Gatun !
lLake will necessitate making the 10w saddles along the ridge line between the
l lake and the Atlantic Ocean secure againet spillage and seepage. The existing
Cano Saddle Dam will have to be raised from 2 to 5 feet and 1t is believed that
additional compacted material and a filter drain will have to be added to the
! asaction on the face away from the lake, Thie will ingure against falluxe and
keep the meepage 1ine within the section of the dam. Dee Filgure 15.

material
required.
1 material

will have to be built in the Cano S8addle and

“ ancther in the lagarto Saddle. The Escobal and Arroyo paddles appear to be
adequately high without dems. All of these points will have to be more fully
studied but no seriloue problems are anticipated.

Two additicnal low dama

_| 5. Splllway and Control Getes

d to be bullt on Gaucha Island where
This will have a total léngth of 1200
feet. The individusl gates will Ye of the bascule or 1eaf type 200 feet long
by & feet high, each operated by four hydraulic cylinders. There will be six
‘ such gates and the control will be from a central station. OSee Figures 10,

12 and 13.

{ A gated splllway is propose
=‘ foundation conditlons are suitable.

The gated type of spillway vwas gelected since 1T provides an additional

\ 120,000 acre feet of storage over that which would be provided by an ungated
spillway. It should be noted that no calculations have been made to determine
+he slevations of the backwater curve during floods, In the Tinal analyeis this

‘ wust be done to avoid infringing on the 100 foot contour (outeide the Canal Zone )

upstream from the dam. It is beliseved that proper operating procedures baged
on data aupplied by the telemetering reporting gystem will avold this difficulty.

| The level of Tyinidad Lake above elevation +90 will be controlled
' by the spilllway gutes. Delow this elevation the 1ske level will boe controlled ;
by operatiocn of the lock or lock control gutes. i
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A test was made to determine what maximum traffic could be handled
during the most critical dry season under three combinations of water storage
facilities. These conditions are {1) with the existing storage in Gatun lake

Madden Reservoir, (2) with a Dam across Trinidad Arm of Gatun Lake added
to the existing Pacilities, and (3) with Canal Deepening sdded to the existing
facilities. The test assumed that Gatun lake water surface can be drawn down
to slevation +82.0 without Canal Deepening and to elevation +77.0 with Canal
Despening. These conditiona are shown in Figure 5.

Usavle storage avallable with existing facilities 18 965,000 acre
feet; with a Dam across Trinided Arm of Gatun Lake it would be 1,395,000'
; and with Canal Deepening 1t would be 1,452,000 acre feet. Each
plan includes the 445,000 acre feet of usable storage in Madden Lake.

211 subsequent discusslons and operation studies are based upon the
following storages: _
- Between Storage

Unit Elevatione (acre feet)
Gatun Iake with Trinidad Arm T77-19 191,000
" 79-82 266,000
” 82-87 520,000
b g2-8lt 210,000
" ' 84 -87 310,000
Gatun Iake without Trinldad Arm 82-87 345,000
" fo-84 140,000
" 84 -87 205,000
Tyinidad Reservolr 82-8k 70,000
" 8u-87 105,000
N 87-98 430,000
Madden Lake 200-250 445,000

The most critical dry season of record oceurred in the five months
from January through May of 1920. The teat for this pericd is summarized in
Table A. Tt has been apsumed that the additional evaporatlon loes which can
be anticipated from the formation of Trinided Lake would be 7% greater than
now experienced on Gatun Lake, including Trinidad Arm. Water requirements
for lockage are assumed to vary with the surface elevation of Gatun Lake and,
during the dry season, to average 161.5, 160.3, and 155.0 acre feat per
lockage respectively for conditions with sxieting facilities, with the Dam
across Trinidad Arm of Gatun Lake snd wlth Canal Doepening.
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TABIE A

ILOCKAGE CAPACITY WITH EXISTING FACILITIES
WITH A DAM ACROSS TRINIDAD ARM OF GATUN LAKE
AND WITH CANAL DEEPENING Critical Dry Season (1920)
(Gatun Lake drawdown to Elevation +82,0 with Trinided,
+ 77.0 with Canal Deepening)
(Quantities of water are tabulated in acre feet)

With Trinidad With Deepening

Existing  w/o Desepening w/o Trinidad

DRY SEASON (JAN-MAY Incl.)
Water in storage at beginning 965,000 1,395,000 1,452,000
Not inflow + 1,000 + 1,000 + 1,000
Municipal water used

@ 110 cfs - 33,000 - 33,000 - 33,000
Additional evaporation loss

@ T% of recorded

evaporation 0 - 20,000 0
Available for lockages

and power 933,000 1,343,000 1,420,000
Average number of ' _

lockages per day (383} &o.L fl (od 60.7
Water used for lockages: ' -

@ 161.5 af/lockage -933,000

@ 160.3 af/locknge -1,343,000

@ 155.0 af/lockage 1,420,000
Water in storage on June lst 0 o 0

Note: Theee are theoretical considerétiona but are reasonable for purposes
of comparison. In acturl operstions some ugeble storage must be left

on June lst.
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g, DPower Benefits

The generating plant
are as follows:

’

s now or shortly to be aveilable to the Canal

¢ompany

No.of Installed
Plant Type Units Capgcitz Notes
Modden Dam Hydro - 3 2,000 KW (1)
Gatun Dam Hydro 6 00,500 W - (2)
Thermal Plant Gas 2 21,600 KW (3)

Turblne :

Total except stand-DY 68,100 KW
Stand-by diesel plants 1k, 000 KW (&)

Total 82,100 KW

™o wnlte inatalled

(1)

in 1934 and a third unit in 19L2.

A1l units converted from 25 4o 60 cyclee in 1658-59.

(2) Three nev generator
1958-59 to replace older
generator of 4500 KW ins
older unit. Fifth and B
were originally inetalle

g of 3000 KW each installed 1n
smeller wnits. A fourth new
talled at same time %o replace
1xth generators of 4500 EW
4 4n 1946 and 1947. Ome of

thege was converted from 25 to 60 cycles in 1958-59

and the other 1s yet to

be converted. Turbines are

those originally installed in each casd.

(3) This plant now wnder construction.

(L)

These are old units that are costly to operate

and cannot he deponded upon for sustained operation
at their installed capacity. ' '

With the incressing demand for water becau
there is a decreasing supply for hydro generation. As

nuniber of lockages,

ss of the increane in

a result, the two hydro plants are becoming less and less dependsble. In

fact, the Gatun Danm plant is,
for energy and can no longer b
years, As traffic increases,

for all practical purposee, only avallable
e depended upen for much capacity in dry
the capabillty of the plant to help weet

peak requirements will further decrease.

nll-




hae estimated future annual electrical loads ag ‘Collowe:

The company

Tiscal Year Gross Energy in kwh' Peak Demand in KW
1961 (actual) 301,927,270 50,100

1962 332,600,000 52,900

1965 466,900,000 . 72,000

1970 558,000,000 84,900

aﬁts will be usged o théir
gistent with the 'primary claim for water for navigation

pesda and operation of the reservoirs for necessarly flood control. The more
o thermal plants will be used to provide capacity and energy required

1ties of the hydro plants.

Reservoir operatlon gtudies were made to determihe the power produc-
hydro plants. These studies

tion available on a predictable basis from the
ptilized streem flow records for the period 1905 through 1948, This period
includes the driest period of record which was the basis for determining the

maximum dependable power that could be produced.

ug levels of canal traffic as
of (1) the exlstling facilities,

the Dam acroas Trinidad Arm of Gatun Lake aB

(3) existing facilities plus deepening the canal
production were made on a
water coenditions. 1t hag been
1load unit with a
lectronilc

1t is presumed that the hydroelectric pi

paxdmum capabilitles con

gxpensiv
'beyond the capabil

were made for vario

The power studies
d for combinatlonsa

estimated for the future an
(2) existing facilities plus

demscribed in this report, and
by 5 feet. Operation gtudies to determine energy

ghortened period believed to represent "aversge'
apsumed that the Madden Power Plant will e operated as a base

minimum capacity of 16,000 EW. All operation studies were mede by an @

computer.
v Production and Requirements" for the years 1965

Corresponding data for other years may also be
esulting difference between the hydro

1y the same regardless of the year.

A summary of "Powe
and 1970 is given in Table B.
tabuleted but it has been found. that the r
power produced by the two prolects ig near

The termal units presently under construction have a dependable
capacity of 21,600 KW and can produce 189,200,000 wwh per year. If the gtand -
by diesel plants are added, the capacity ls increaged to 35,600 KW. However,
age and condition of the diesel units 1s guch that they cannot pe depended
upon except Iin emergency - Thus, by operating Madden ag a bage load plant and
operating the gas turbine plant 100% of the time, the plarmed facilities will
ve deficient in meeting the estimated ensrgy requirementa in 196" by nearly
20,000,000 kwh and will be deficient in peaking capacity by 31,900 KW. Tven
the old diesel plants cannot meet this capaclity requirement. . 1f the Daom acrCES
rinidad Arm of Gatun lake or the Canal Deepening could be nompleted by 1965
there would still be a

deficiency In capaclty. Lowever, it must be recognized
that neither of these improvements can be completed by 1967. By 1970 the de-
f1iciency in both energy and capacity becomes more pronounced.




TABIE B

POWER FRODUCTION AND REQUTREMENTS
“Average Water Conditiona2"

For 1965 - Frosperity Cycle Canal Praffic at 33 Lockages Per Day

Hydro rower Produced o Total Power Reguired alak Thermal Power Regulred
Installation Energy * Capacity ** Ener Capacl Ener Capaci
zm§ Ekwi vimﬁ Ekwj zm§ Ekwj
.} Existing Facilitles 258,230,000 18,500 466,900,000 72,000 _ 208,670,000 53,500
2} Dam across Trinidad 269,904,000 25,500 466,900,000 72,000 _196,696,000 416,500
Arm of Gatun Lake
plus (1) |
(3) Cenal Leepenir 260,537,000 24,500 166,900,000 72,000 206,363,000 47,500
. plua (1) :
& .
' For 1970 - Prosperity Cycle Canal Traffic at 36 Lockages Per Day
Hydro. Power Produced o Total Power Required #*¥ Thermz1l Power Required
Ineatsllation Fnergy * Capaclty ** Ener Capaci Ener Gapacl
- tmE _ Ek:wj hmhﬁ Ekwj tmg Emj
| (1) Existing Facilities 212,579,000 16,000 558,000,000  B%,900 345,421,000 68,900
| (2) Dam scross Trinidad 262,208,000 23,000 558,000,000 8,900 .. 295,792,000 61,900
i Arm of Getun lake
plue (1)
(3) Canal(Dt;epenins 252,788,000 21,700 558,000,000 84,900 ' 305,212,000 63,200
plus (1 : .

Average annual kwh for period of study

Dapendable in low walter year

Estimates furnished by Panema Canal Company

No direct relation existe between capacity and energy because operation studies provided for
incresses in capacity during months of large inflow. '

oo Difference in power produced between a Dam acroes Trinidad Arm of Gatun lake and Cana) Deespening
1a the difference in minimum water surface of Getun lake for the two conditions. ’
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provision

1n fiscel yeer 1965 an approximate 2
gtalled adjacent o the two new gat
turbine gnd will make uBeé of the waste

gtoalt
for oil firing when the gsae

1f canal trafflc does nob
4f there 1
not be &8 great
occurs oOTf canal

ag indicated. .
traffic is-In a high ¢

More detailed stud

the true

ve o good measure

Howaver,
yhich the various improvemen

power requirements, and this

of energy represente the average
diemel power and hydro power in the

These costg were:

Hydro cost at generator/kwh 0.001

Diesel cost at generator/iwh 0.020

A part of the dlesel cost is the

avallable o moet the powsr deman
for this item. The difference favor

over the Canal Deepening from the
approximately $80,000 annually.
depreciation and supervision.

The advantage of a Dam

- %o the Canal Deepening project
With interest at 2-5/8% over 20 years,
approximately $3,127,000, or o the year

mately $4,319,000.
Flood Control Benefits

9.

g Dam acroBf
peak flow into Getun lake on

This is the aifference between
the design discharge of the spillway in a

Other than this,

d by Gatun

K ovor that provide

aome up to the prosperity

g tetter than an gverage weter year,
On the other hand 1f & va

ycle the deficienc

jes with varilous combinatio
wander adverse water conditlons
hazard of power deficiencles.
ghould e accepted only as ind.

s abudied will make
15 the true purpose of the study.

roduction," shovs the

Table C,
and 1ts value sreditable to a Dam acrosd Tyinidad Arm of
Deepening. The flgure of 21,7 mils pex xilowatt hour use
aifference betwee

Canal Zone during the

59 1o 161

puel oil at $0.0085
d will effect =a saving in

ing a Dam acTOBS
gaving in this ite
Total coste are operatlion,

acroes Trinidad Arm of Gatun

ijg valued at ap
thip represents & Cap

2000 a capitalized

heretofore conc erning
Take will have

Trinidad Reservolr will not
Lake with or witho

2,000 KW thermal generating wit
turbinea. This wnit will bte &8
heat from the gag turbines, with

turbines are not in operation.

aycle;eetimate or

t+he deficiencies, 1f any, will
tor deficient year
1e8 would be greater.

ns of operating procedures
ghould be made In order
Until this 1is done the
jeative of the problem.

of the comparative contributlions
toward meeting the future

additional power
Gatun Lake and the Canal
4 to compute the value

n the total costs of génerating
past three years.

Avera

977 0.002073 0.001716 .00192%

€vs  0.028793 0.021357 .023598

Difference L0216Th

per kwh. Hydro power
annual expenditures
Tyrinided Arm of Gatun Lake
m above would amount to

ma intenance,

lake as compared
proximately $203,000 per year.

1talized value of
value of approxi-

the splllway and control gates,
the effect of reducing the

the design flood by 166,000 cfsa.

the Trinidad drainage basin and
Dam acroSs Tpinidad Arm of Gatun Lake.
fmprove the flood control conditions

ut Canal Deepening.




TDam acrosg Trinidad
arm of Gatun Lake

Canal Deepening

Difference I.voring
Dam across Toinldad
sym of Gatun lale

COMFARISON OF POWER
DAM ACROSS TR
AND WITH C

1965

INIDAD

TABLE C

Ener Capacl Value ZE
_(K}Iﬁj EEH )

11,67%,000% 7,000 *
2,307,000% 6,000 ¥
9,367,000 1,000

* Excess over that
*% fnsumed at 21.7 mile per KEwH. Hoc¢
firm pover at Vadden B

equal beneflt,

$253,300 **

$ 50,100 *¥

e ——————

$203,200

provided by exlst

PRODUCTION WITH
ARM OF GATUN LAKE
ANAT, TEEPENING

19789

En::;}%

%9,619,000%

10,209,000%

——————

9,420,000

ince both plans would prov

ca%gciq[ Yalue /yr
EJ -
7,000 *  $1,076,700 **

5,700 ¥ $ 872,500 **

———

1,300 $ 204,200

ing facilities--See Table B.
redit shown for ad.dii;ional
jde nearly



10. Timing of Construction

1f a Dam acroas Trinidad Arm of Gatun Lake 18 to be built, there 1s

. ' a compelling reason why 1t should be done concurrently with the present Cut

: _ Widening program. By such concurrent construction, the coet of the fill

: ' material for the estimated 11,500,000 cubic yards placed below elevation +75
wili be about 18 cents per cubic yard. If the work 1e not done concurrently
end this fiil material must be obtained from quarries in ithe vicinity of the °
dam, the cost ls estimated at not less than 67 cents per yard. Tais would

- Jpcrease the cost of the Trinidad project by an estlmated $5,635,000,
oxclusive of a contingent allowance on this amount. :

The Canal Deepening,program.would produce material that could be uged
in a Dam across Trinidad Arm of Gatun Leke but the total sultable for the purpose
would probably be lens than the a t required.

11. Incorporation with Other Cansl Improvements

If, at some future date a third get of locks is added, a Dam across
Trinidad Arm of Gatun Iake will produce the same results as shown in the study
g for thia report. If, at some Tuture date the existing canal is converted to
1 a gea level camal, Trinidad Iake will provide flood control in accordance with
g5 plans presently developed., However, for this purpose, the dam need not be as
high as required in the gtudy for this report.

] If & mew canal should be built in & location outside the present

; Canal Zone and the exlsting canal facilitles converted to power gemeration,
A Trinidad Iake would be more affective in producing power than a Canal Deepening
o project. This is due to the greater effective head resulting from the higher
o water surfsce maintained because of the added storage at the higher elevation.

12. Time and Cost Fatimates

a. Time

The Canal Company egtimatés that the Canal Widening through tke
Lag Cascadas-Bas Obispo Reaches will continue through approximately three years
beginning sbout October 1962, This corresponds to the time for placing tte
dumped f£ill of the dam below elevation 475. Very 1ittle other work on a Dam
across Trinidad Arm of Gatun Lake can go cn concurrently, primarily becauae
the materials to be excavated for the lock and the spillway will be used to
top out the dam. This topping out operation and the completion of the lozk
and spillway will require an estimated additional thirty months. Thus the
estimated completion date will be about mid-1968. See Figure 6 for the
construction schedule.

gince the last section of the Cut Widening program is to be let
" for contract during 1962, it is essontial that an early decision be reached
i concerning the Dam acY'0S8 Trinidad Arm of Gatun Lake project.

- 16 -




'b Costa
of a Dam acrosB Trinidad

1ma ted cos® of conatruction
able D.

Tn the estimated coat of construction, particular attentlon
£111 below alevation +75.0- This is the

to the item for the dam
the Cut Widening program and 18 cents per cubic
xe 1s the difference

that will come from
3 against the Dam acraofé Ppinidad Arm of Gatun Ia
of wasting this material in the vicinity of the excavation and
The FPanams Canal Compaly engineers have eati-
of this material

this Qiffarence at the flgure yeed.. It 18 the low cost
" {hat makes & Dam across T inidad Arm of Gatun Lske 80 attractlve economically -
: : The item for contingencles ig taken a8 20% of constrﬁction ‘coBtE.
fhie 18 comparatively high but wntil more detalled information 18 available oo
ditione and the designs have been carried to greater e

: - gub-surface® con
tyis iB considered to be reasonable.

The eat
tun Lake i1g shown on T

finement,

The estimated cost of a Dam acroes IT
including allowances for contingencles, a.dminiata:‘a‘tive and
$10,078,000.

at 2-5/8% the aemnua

average annual cost of ma intenance and operation

$106,000. Thus for the the compietion of 2 Dem acY0Ss
Arm of Getun Take to 2000 the total cost of meintenance and operation and
amortization of debt is estimated st $15,275,000.
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TABIE D

FOR A DAM ACROSS TR

Unit
© pem Section Quantity Unit Price Amount
Mzla - Gaucha Tgland
Accesd Road to.Punta ' : .
| Mala from 10 ' 2,800 1. ft. 35 98,000
L Clearing the abutments S
! under water 1L,3 acres '3 , 700 53,000
’ Clearing above water
[. surface - 4,1 acres 2,400 10,000
¥ pam £111 belo¥ £1.475.0 8,150,000 oy 18 1,467,000
~, Dam £411 above £1.4+75.0. 547,500 cy 67 366,000
'N“ Riprap. including bedding '
~ 5 feet thick 139,100 cy 2.950 348,000
Total '
!“-aucha Tgland = Tern. Tsland
e Clearing the abutment
i wmder water 35.8 acres 3,700 132,500
8. Clearing above water
surface 0.6 gores 2,400 1,500
| 5. Dem £ill telow El.+75.0 3,029,000 ey 18 546,000
30, Dam f£ill above El.472.0 339,000 ey BT 227,500
1. Riprap including
f vedding 5 feet thick 86,000 cy  2.90 214,500
' Total - ,
I.' ‘eyn Island - Booby Island
12. Access Road on Tern -
l' © Island 1,110 1, ft.. 3o 39,000
PoA3. Clearing the gbutment
' upder water 3.8 acres 3,700 14,000
14. Clearing sbove water
I surface o4 acres 2 , 00 1,000
| 15, Dam £4111 below E1l.475.0 142,000 ey . 25,500
' 16. Dam £111 above EL.+75.0 53,000 oy 67 35,500
F 17. Riprap including
. bedding 5 feet thick 1h,000 cy 2,50 '32,000
: Total
t
!
- 18 -
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$2,342,000

1,122,000

150,000
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Dam Section

W_/L—ZL_MG. = Main Land
18, Access Road on
Booby Taland
19. Clearing the abutments
under water ,
20+ Clearing above water
gsurface - '
21, Dam £111 below E1.+475.0
oo, Dam £411 above El.+75.0
23, Riprap including
vedding 5 feet thick
Total

§pillway on Gaucha Island

ok, Clearing above water
gurface

29. Excavation

26. Excavation for cut off
wall

pavement
28, Reinforcing steel
29. Care of water
30, Bascule gates 6 8'x200"
31. Control House
32. Steel Sheet Piling

MP 110
Total

27. Concrete for cut off well
ogee, retaining walls and

Unit

Quantity Unit Price
| $

460 1.£t. 35
1.7 acres 3,700
..85 . acres 2,400
185,000 ey . .18
109,000 ey .67
30,000 cY 2.50
9.6 acres 2,400
570,000 ey .25
3,310 cYy 5.00
970,000 1ba. .15

L.S.

L.S. - - -
500,000 1bs. .20

Navigation Lock on Gaucha Island

33, Clearing above water
surface

34, Excavetion above water
surfece

35, Excavation below water
gurface

36, Relocation of navigation
channel

2.2
71,200
15,000

6,200

- 19 =

acres 2,400
ey 25

1.ft. 1k.00

Amount

16,000
28,500

2,000
33,500
73,000

23,000
142,000

16,500

1,210,000
145,000
30,000
1,300,000
8,000

00,000

100,007

5,200
17,800
15,000

87,000

$228,00C

2,915,000




Unit
guantitz Unit Price Amount

Dam Section

Navigation Lock on Geucha Island

!Con‘binued)

.

37. Care of water L.S. - - 12,000
38, Concrew® - 2,700 sy . 100. 270,000
39. Reinforcing steel 270,000 s .15 . k0,500
0. Lock gates: 4 lock gates 80,000 1bs M40 32,000
41, 4B motors @ 20.bp : |
and gear reducer L.S. -— -— 16,000 -
42, Operator House ' '
11'x17' h=12’ H each 1,000 16,000
. 43. Control gatea 60" x60" each 1,790 3,500
4L, Service bridge 1.S. -— _— 9,500
45, Diesel generalor 50 KW 1..S. .- - 14,000
| 46, Generator house L.S. - --- 2,000
! 47. Trash rack and
. : mipscellaneous gteel : 5,300 1bs .35 2,000
48, CStop logs 53,000 lbe .35 18,500
' L9, Elsctrical & ‘itelephone N
- ingtallation L.S. -—- - 3,000 -
3 © Totel | $ 58,00
‘__ 50. Enlarge existing Cano C N
E Saddle Dam 155,000
51, Cano Saddle Dam No..1l 26,000
- 52, Cano Saddle Dam No. 3 43,000 -
Sub total . 2ph,00C
. $ 7,625',00(:
Administration & Contingencies € 20% 1,525,000
* Engineering jncluding foundation gxploratlons, BUrVOYE,
designs and supervision of construction 628,000
Total estimated cost $10,078,000

1on coat without
wrrent Cut Widening Project

% Computed @ TP of eatimated construct
applying potential savings from conc
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) r YEAR 91 962
- CALENDAR  MONTH ] Ix [ ¢
" MONTH  SEQUENCE - 34
T 11| access ROAD To PUNTA MALA FROM Sio 8
| 2 | CLEARING THE BASE UNDER WATER
3 | CLEARING THE BASE ABOVE WATER ]
l <14 | DAM FILL BELOW EL.75 ;
. z! |5 paM FILL ABOVE EL.75. | w
|21 [6]aIPRAP INCLUDING BEDDING ) @
5[ 7] cLearinG THE BASE UNDER wATER 14
w! [g|CLEARING THE BASE ABOVE WATER S
“ @l [DAM FILL BELOW EL. 75 € .
{0 DAM FILL ABOVE EL.7S o
1l | RIPRAP i ©
E| [12| ACCESS ROAD TERN ISLAND AND BOOBY ISLAND 5| S
g o |13| CLEARING THE BASE UNDER WATER |
+ 14| CLEARING THE BASE ABOVE WATER | =
I5 [ pAM FILL BELOW EL 75 >
“li6] 0aM FILL ABOVE EL. 75 -
17| riPRAP e
5 [I8! CLEARING ISLA GAUCHA ABOVE WATER SURFACE |
< |19| ExcavaTioN 3
I '« | 5 |20] CONCRETE FOR CUTOFF WALL,OGEE, PAVEMENT, PIPING 3 &
| j & 121| CARE OF WATER
| 5 | [22] BASCULE GATES INGLUDING CONTROLL STATION |e
+ | {23] ExcavaTion o
| § 24| CARE OF WATER 2] &
25| CONCRETE &
| < 5 26 STOP LOGS, LOCK GATES, CONTROLL GATES, TRASH RACKS i
o | b [27| OPERATOR HOUSES, MACHINERY, DIESEL GENERATOR
~ | ©|28| SERVICE BRIDGE ' !
 [29] ELECTRICAL AND TELEPHONE INSTALLATION
= |30/ RELOCATION OF NAVIGATION CHANNEL
__|SP|31| sSTEEL sHEET PILING )
— |22| cano saDDLES 0
LEGEND
OAM A = PUNTA MALA-ISLA GAUCHA M = PUNTA MALA
DAM 8 = ISLA GAUCHA - TERN ISLAND G = ISLA GAUCHA
DAM ¢ = TERN ISLAND - BOOBY ISLAND T = TERN ISLAND AND pooay ISLAND
DAM D = BOO8Y ISLAND - MAIN LAND L = MAIN LAND
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Iv. CANAL IEEPENING

1. Plan

The canal charmel bottom is now being maintalned at elevation +40
reet, The elevation of the upper 81lls of the Gatun and Pedro Miguel Locks
are at elevatlon +37.3 feet. Under existing operating conditions, the minimm
water level In Gatun lake 1s +82.0 which assures not less than a 4o-foot depth
of navigable water in the cut. Ships drawing up to 37 feet in fresh watsr are
regularly accepted for passage but any greater draft can. only be permitted as
an emergency and such ehips would probably have to be handled by tugs. A 37-foo-
graft gives 5 feet of clearance under the bottom which is congidersd a minimum
for ships moving. under their own power, This minimum can be decreased over the
jock aills where large shipe are normally %towed.

Tf the channel bottom is lowered 5 feet to elevation +35, Gaetun lLake
could be drawn down 1o elevation +77 and still preserve a 5.0-foot ¢learance
for 37-foot draft ships in the canal and a 2.7-foot clearance over the lock
gilla. Howsver, there 1s aome feeling that the 5-foob margin is inadequate
and should be increased to not less than T feet. In this event, with the
channel bottom at elevatilon +35, Gatun Lake could only be drawn down to

elevation 479 feot. See Figure 2.

If the channel is deepened 5 feet and s drawdown %o elevation +77

feet 1s permitted, the sdditional storsge that may be drawn on for lockages
amovnts to 487,000 ecre feet. If a drawdown only to elevation 479 feet 18
permitted, the additicnal avallable storege for lockages will be 296,000 acre

faot. See Figure D.

Tn this section of this report the comparative effectiveness of the

alternative methods for improving the water supply 1s based on the assunption
that whetner a Dam acrose Trinidad Arm of Gatun Lake is built or the canal

deepened, the minimum depth of water will be 42 feet.

2, Nevigation Benefits . ,

The deopening of the canal by 5 feet will permit drawing Gatun Lake
down to elevation +77.0 end 9till meintaln the present l2-foot minimum depth
of water except over the lock sills where 1% will be 39.7 feet, This drawdown
will produce an additional useble storage of 487,000 acre feet, which can be
used for lockage purposes. Ihe availability of this storage reduces the
probsdility of Imposing navigation reastrictions during pericds of low runoff.

A distinct advantage of Canal Deepening will be to decrease the
average 1ift of ships through the locks. This in turn requires less water
per lockage and thus increases the number of lockages poseible with the

water 1in storage.

The quantitative effect on navigation of additional storage from
Canal Deepening has already been reviewed In Peragraph ITI-7 of this report,
Tt shows that the average number of lockages per day during the eritical dry
seagon of 1920 could theoretically be incressed from the present 38.3 to 60.7.
This increase in lockage capacity will teke care of estimated traffic growth

beyond the year 2000.
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| 5, DPower Benefite
The additional pover xhat can bo produced 4 the canal g deepened
en aiecussed in Paragraph 11I-8, It wes ahown that the value in 1970
I Deepening project wi1l be approximte
: the value of

{onal power from :
i $20l+,000 jemss than
' Jake will produce.

a8 bo
of this addlt

| ~g72,500 por year. ig 18 app ximately

L ‘ddit.ion&l pover from & Dam across Trinidad AT of Gatun

P b, 1o0d Control-Benefita ;

l, _ e deepening of the canal will not yyprove the sontrol of floods over

“ghat which can nov¥ pe provided V¥ Getwn leke. '

l - 5. Tncorporation with Other Cagnal Imgz_‘ovemente

R o If the existing canal 18 altered at some future date to provide &

third set of locks, the aeepening of the canal would be fully affective. if a

. gea lovel canal is built in the Canal Zone approximately 38% of the deepening

B would be creditable T fne gea level project. Excavation 1 the remaining 62%

I 35 outside the proposed alignment of = ses 1evel canal. :

- If a new canal ahou'ld pe built in & locatlon outside the present -

| Canal Zon® and the pxiating canal facilitles converted to pover generation, the

I’ Ccanal Deepening would contrivute to the ex ent of more water storage: However, f
1t would Dbe au‘bstantiam lesd effective than a Dem acTDEs prinidad Arm of Gatun -
1ake in the production of power due tg a lesser effectlive neignt for the water : !."-i

ﬂ to fall. SR

T

6. Tavigation {nterference
the Cut Wwidening progran which has hee
then the

for moet of the portlon of

ted, the widened portion of the chammel will be 5 faet

original pennel. For the 3-1/% mile 1engt tne las Cascadas”
Paa Ob1EPO Reaches %0 be contracted pext, this extra depth 1g not Pe

The original 300-foot width of canal will have to be dee a.pprmci-
. pately 5-3/b miles of initial widening. ¥or

las Cascad.as-‘.Bas Qbispo Reaches Gatun Lake the deepening
change foT the full width of channel.

that never less than
g and

to pass the dredgee, barge
e restricted jn width at geveral
Tach o~

The deepening operation
11ahle for ahip#s

q 200 feet of chammel wi
The chann

: other equipment.
i points and this will continue for an ©B
striction will conatitute & hszalr
+to be taken ‘O avold accidents. During periods of advers® weather,
gtrictions may have to be placed on operatlons either of transiting ghips oY
\ of the deepening work.
_ 1t is not PO
! put it must be accepted &b & 42

'i of six years.

{nterference with navigstions
wor that will exteond over 2 period

ggible to aB
trimental fac




'1

_’gime and Cost Estimates

Te
a, Time
The Cansl Company has estimatod that it will require slx years
' congtruction time to complete the Canal Deepening project. Aseuning that no
loyed 1n the widening of the las Cascadaa~

gredging o varge equipment will be emp

Bas Obiapo Beaches , there will be no operational reason for delaying the Canal
peepening- On this basis the Canal Deepening could be carried out simultanecusly
4ith the cut Widening, and completed by the end of 1668. However, since improve~-
pents are beling financed from cwrrent revenues and the program of Cut Widening
and lock gate overhaul procedures 18 expected to consume most of the available
qnds through flscal year 1964-63, it 1s pro

gate for the deepening would be 1971.

b. Coat

The Canzl Company bas estima
Geillard Cub and Gatun Lake to alevation *357as followa:

Gaillard Cut Dipper Dredge - 3,800,000 cubic
t‘ yards of excavaetion
@ $1.52 45,776,000
3 Drilling & Blasting - 1,000,000
cubic yarde
@ $2.3h4 2,340,000
Gaillard Cut Construction Cost $8,116,000
l Gatun Lake Dipper Dredge - 2,000,000 cublc
' yards @ $1.52 $3,040,000
_ Drilling & Blasting - 300,000
cubic yards
@ $1.98 . 59k ,000
Suction Dredge - 10,400,000 cuble |
! yards @ $0.50 5,200,000
i Getun Iake Construction Cost $8,834,000
m Canal Deepening Project
Construction Cost $16,950,000
Engineering @ 5% 850,000
Total Cost Canal Deepening Project $17,800,000
Aliowances for contingencies are 1ncluded In the
it prices.

- 23 -

bable thet a more realistic completion

ted the cost of Canal Deepening threough



V. PUMPING SEA WATER INTO GATUN LAEKE

1. General

A study was made of the costs involved and the resulting benefits of
providing an additional water supply by pumping sea water inte Gatun lake.
This study is based upon providing sufficlent water at all times for an average
of 50 lockages per day and the maintenance of not less than 2 h-foot depth of
water In the cut for navigation. The minimum water level in Getun Iake for
this purpose would be elsvation +84.0. S : :

Tt wes ageumed that the pumping plant would be located Immediately
west of Gatun Dam. The deep pool below the splll raceway could serve as the
gupply since 1t has a sea level connection to the Atlantic' side. However,
dredging might be required to assure adequate £low from the ocean. Discharge
into Gatun Iske would be made through penstocks approximately 1,000 feet long.
See Figures 1 and 16 for the facility locatlion and detalls.

2. Capacity

A most critical year of record was 1920, and this year was used as
a basle for determining pump capacity. Reatricting drawdown on Gatun Lake to
elevetion +84.0 changes the lockage capacity from that presented in previous
gections of this report. The effect of this change may be seen in Table E,
"Iockage Capaclty With Existing Facilities, With a Dam acrosa Trinidad Arm of
Catun Iake and With Pumping Plant." Comparing data in Table E with Table A
1t will be noted that lockeges with a Dam across Trinidad Arm of Gatun Lake
decrease from 55.1 to 45.7 per day. However, based upon the water recoxds for
the 57-year period from 1905 through 1961, and assuming a Lk -foot pavigable
depth, there were only three years (1920, 1926 and 1957) when lockage capacity
with a Dam across Trinidsd Arm of Gatun Lake would have been less than 50 per
day. Even under these conditions, 50 lockages per day could be accommodated
with the lake level reduced below elevation +84.0 between the last week of
April and first week in August as shown on the “Chart of Water Surface
Elevations,"” Figure 7. The minimum water surface elevation in 1920 would

be close to +82.0.

Under 1920 water conditlons and assuming 167 acre feet per lockage,
1,262,000 acre feet of water must be available from storage or atorage and
pumping during the five-month period January through May to provide 50 lockages
per day. After allowing for natural Inflow, evaporation and storage existing
on January 1, the pumping plan would theoretically require 539,000 acre feet
of supplementary water to be pumped during the minimum water year. Under
practical operating conditions the amount of pumped water would be more.

- 2L -
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APACTTY
ACROSS
AND W

'/
TABIE E

WITH EXISTING FACTLITIES,
TRINIDAD ARM OF GATUN LAKE
PIMPING PLANT

pRY SEASON JaN-MaY_Incl )
Wabter in gtorage at veginning 755,000
Net natural inflow + 1,000
Net pumped inflovw 0
mmicipal water used _

@110 cfe - 33,000
Ad.a.itional evaporation lo88 '

@ of recorded

evaporation 0
Avallable for lockegeb snd

power ' 723,000
Averag® puiper of lockages

per 29.1
Water used for 1ockages '

@ 164.9 af/lockns® - 723,000

@ 16k.1 af [lockage

@ 167.0 af[1loc
Water in gtorage on June 18t 0

Thege are theoretical considerations
oM usable storag? must be jeft on

Hote:

.25 -

critical Dry seggon (1920)
to Elevabtion
tabu];a.ted i acre

+8%,0)
feet)

With Trinidad With Pumping
1,185,000 755,000
4+ 1,000 1,000
) 0 + 5393000

33,000 - 33,000
- 20,000 0
1,133,000 1,262,000

w57 50.0
1,133,000

.1,262,000
0 0

In actual operations

June 1a%.
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| Table F, "Gatud Lake Operation With Pumping,” 18 & tabulation bY
ary

aonthe of water supPlyY and demand in 8 eay with ai gverage of 50 1ockages
and Gatun 1ake level maintained ot not love¥ Yhan elevation +84.0.

peT )
The assumptions upen which this tabulation 1g vpesed are g follows:

Gaetun end Madden Lekes are full oo January 1gt with usnable

a.
s of 310,000 and 445,000 acre feet regpectively-

capact itie
1th the gurface

b. Water uéed. for nofma.l

lockages yariesa ¥
£ Gatun lake a8 followss :

eleva.ti_on 0

rlev. B87.0 173.6 acre roet/lockege
~ Elev. 86.0 169.0 acre reat/lockage
£lev. 85.0 - 166.2 acre reet/lockage

Eiev. B4.0 162.4 acre reat/lockege

c. TReleased fyom Maden Dam are thoee _necasaary to maintain

16,000 KW of firm capaclty.

t the accumulated. deficiency through the monthe
gh June 18 638,000 acre foet. This would have 10 be wade

Although there jg a pesk monthly deficiency of 210,000 acre feel in

April, 1t is not considersd necessary 4o provide & pumping plant with 3,590
cubic feoet peTr gecond C demand within oné month. An

operating procedurs ghould be €8

wments 1n advance, with the plze

up in the operating procedure . presumably
records of Bome previous period guch that, with decreasing
"3ry" geason. 1he eriteria would

wonld increas® +to meet the 1

vary with lockage activity. For purposes of this atudy, 1t has been aasumed
that the rate of pumping in any one month would be determined bY the inflov of
the previous month, toria for PumP Opera'bion.“ It

o helPp overcom? possib
. found to satisfy the 1920
needs. The topt of thee® criteris for 1920 is showd sn Table B, "Gatun lake
operatlon, 1920, with Pumping plant.”

to meet conditions in other years.
r ‘the purpose of thise gtudy , which

compared to a laem

Refmements may be found depirable

The criteria are considered gatisfactory fo
ig to determine the relatlve meyita of a Pumping Plant as

across Tyinidad Aym of Gatun Lake.

A plant with & capacity of 2,400 cfs can adequately pandle the
water needs for 50 1ockages per day with the water gupply as lov ae that
recorded for 1920. Agpuming DwIP officiency &t 80%b and total aynamic head
at 105 feet, pump capacity o supply 2 ,400 of. sould require approxima.tely
36,000 porsepower OF 27,000 xilovatbs.

le deflic jsencies




Month
(1)
Jan.

Feb.

Apr.

June
July
Aug.
Sept.
Oct.
Rov.

Dec.

Note: All figures except
* Evaporation losees have been subtracted from figures
were the sams at the site of Madden Dam, which was cons

(Getun Iake dravdown to ElevatioR +

TABIE F

GATUN LAKE OPERATION

With Pumping

50 Lockmges per day

(Low Water Year)

84.0)

 MADDEN LAKE GATUN LAKE : " Theoreti
Storage at Change Storage at Net Inflow = Total ) Municipal Change Pumping
e e e GOTEM) biv femteitm Il Wt ©10ofe Siors or (oo
(2) @ G ® (1) (8) (9) o () @) (1) ()
445 250 55 102 - 47 310 87.0 -1k 88 -264 -7 183 _—
398 247 25 %6 -7 127 85.3 - 46 50 -231 -6 -127 . 50.
327 240 19 99 - 8 0 8.0 - %9 50 -252 -1 - 209
24T 232 L 100 - 86 0 84.0 - 60 Lo -2hk -6 - 210
161 222 28 11 -8 0 84.0 6 117 -252 i - 12
78 212 127 110 +17 0 g:.0 113 223 -2ldy -6 - 27
95 214 187 110 + 11 0 8:.0 289 399 -255 -7 +137 ---
172 204 219 102 417 bk B8s5.k 292 30% -264 -7 +123 -
289 236 142 ok +48 27h 86.65 211 305 -259 -6 + 49 ===
337 2kl 295 185 +108 310 87.0 670 85 _-26§ - -7 -- (579)
145 250 206 226 --- 310 87.0 400 626 ~261. -7 -- (358)
L5 250 132 132 -—- 310 87.0 o1 223 -268 -7 - - 02 —

elevatione (Colume (3) and {8) ) are in thousands of acre Pe
published in tables, since

tructed subsequently.

et
in 1920 nst inflow and total runoff

#* From 3-unit Power Operation Study by electronic computer, Madden firm power 16, 000 KW

-27 -




Januaxry

iocua
S;::h?s Month's
mflow to Averags Inflow to Average . :
Gotun Lk. Numder. Pumping Getun lk. Number Pumping
Watershed ILoctkages Rate “Watershed Lockages Rate
cfs o (cfs) (cfs) per day {cfs)
greater L - 600 greater none
than S 600 than
10,000 4,000
tween l 600 otween 45 £00
10,000 ¥ 1200 1,000 50 €00
and : and
5,000 2,200
less 3 600 vetween 35 600
than b 1200 2,500 Lo 600
5,000 i 1800 and L5 1200
3 1800 1,500 50 1200
betwaen 35 1200
1,500 Lo 1200
and: L5 1800
1,000 50 1800
less 3> 1800
than Lo 1800
1,000 45 2400
50 2400
Eple:

February

Pravioud

March

Previous

Month's

Inflow to Average

Gatun Lk. Number Pumping

Watershed Lockages Rate -

(cfs)  per day {cfe)

greater 50 600

than

k,000

betwasen 45 600

L ,000 50 1200

and

1,500

between 35 600

1,500 Lo 600

and L5 1200

750 50 1800

less 35 1200

than Lo 1200

759 L5 1800
50 2hoo

If the average inflow in January is 2,000 cfa and there are
45 lockages per day, pumping rate In February should be
1,200 cfa.

0
and
=200

less
than
-200

o _lefs)

betﬁeep f'

1800

1200
1800
1800
2h00

greatéf
“than .
2,000:.

beotween -
2,000

35
o k0

-200 L5

600
. 1200
1800
2400

A#érage

- 28 -

Numbe1® ngiins
Lockages ;
per day (cfs)
naone
40 600
L5 600
50 600




Ty February
Previous
Month'a
8 Inflow to Average :
r.- Pumping Getun Ik. Number Pumping
€ 8 Rate “Watershed Locksges Rate
g (cfs) (cfs)  per day (cfs)
- 600 greater none
600 than
4,000
600 between 5 600
1200 4,000 50 600
and
2,500
600 between 35 600
1200 2,500 Lo 600
1800 and 45 1200
1800 1,500 50 1200
dotwesn 35 1200
1,500 Lo 1200
and: L5 1800
1,000 5C 1800
lese 35 1800
than 40 1800
1,000 L5 2400

50 2400

March

If the average inflow in January 1s 2,000 cfs and there are
45 lockages per day, pumping rate in February should be
1,200 cfe.

Previous
Month's -
Inflow to Average
Gatun Lk. Number Pumping
Watershed lLociages Rate -
(cfe)  per day  {cfa)

greater 50 600
than
4,000
botween L5 600
1!',000 50 1200
and
1,500
between 35 600
1,500 L0 600
and 45 1200
0 50 1800
less 35 1200

- than 4o 1200
720 45 1800

50 2400

M a_x-" Juna

eviouﬁ _ vious

Infl : " Avarage

Ge.ﬁm{:w Li?-‘ féﬁiﬁiﬁ” Number  Pumping

" Watershed  Lockages Lockages l(hfﬂ
. _fefs}  per day per day (¢

~than . °

potveen - 45 . 1o &0
2,000 50 15;3 600
and .

0

betwosn k0. 1600 -

emd 50 3
e "-_-éod “
oo B =

- 28 -

July & August

Provious

Month's

Inflow to Average -

Gatun Lk, Number Pumping

Watershed Lockages Rate
(cfa) _ per day _ (cfs)

groater nene

than

4,000

lessa 45 600

than 50 600

k,000




TABLE H

_ GATUN LAKE OPERATION, 1920
: With Pumping Plant
E ¥ ' (Gatun Lake drawdown to Elevation +8k4.0)

50 Lockages Per Day

GATUN LAKE

¥Total Storage at Munieipal Change Pumped ¢
Net Beginning Lockage Water in Water or
j_ Month Tnflow (Elev. 84-87) Elev. Water € 110 cfs Storage (Spill)
2| (1) (2) (3) () (5) (6) (7) (8)
; Jan. + 88 310 87.0  -268 -7 - 77 110
Feb. + 50 233 86.4 -239 -6 - 62 133
Mar. + 50 171 85.7 =259 -7 - 69 1T
Apr. + ho 102 85.0 -247 -6 -T1 12
A May +117 31 84,3  -253 -1 + b 147
& June +223 35 8.3 -255 -0 + T 35
N - July - $+399 Lo 8L.4 -261 -7 +131 -—--
Aug. +394 173 g5.7  -267 -1 +120 -—-
: Sept. +305 293 gr.0  -261 -6 + 17 ( e1)
'_ Oct. +855 310 87.0 © -269 -7 --- (579)
Nov. +626 310 ‘87.0  -261 -7 --- (558)
Dec +223 205 B6.6 -268 -'f - 52 -
Note: All figures except elevations (Columm (4) ) are in thousunds el ucre e
o Cee "Criteria for Pump Operation."” Table G
¥ Ope Colum (10), Table F
.oy - -
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Before concluding the gubject of puwping for incressing the water
supply of the Panams Cenal, it should be noted that 1f a Dam across Trinidad
Arm of Getun Lake 15 conatructed, a smaller pumping plant may be installed
1ater to increase the capabilities of the Canal to a full 50 lockages per dzy
ynder all conditions of record. In this case, accommodate 50 lockages PoT
dny with Gatun Iake water gurface at or above olovation +8k.0, 216,000 acre feet
juring a 1920-type wvater year will be required by pumping, O about one-third
the pumping requirements. witnout a Dam acrods Tyrinidad Arm of Gatun lake.
Accordingly, if a pumping plant wers located spmediately west of Gatun Dam,
pumping capacity to aupply 800 cfs would be gufficlent and would require approxi-
mately 12,000 horsepower or 9,000 kilowatts. ’

' Further savings in both capital and operating costs conld be attained
by installling a pumping plant in con junction with a Dam acroés Trinjdad Arm of
Gatun lake because the total dynamic head would be congiderably lesse by pumping
into Gatun lake from Trinidad Lake than from the ocean at sea level. Pumping
216,000 acre feet from Trinidad Lake would lower the water surface alevation
behind a Dam across Trinidad Arm of Gatun Iake from +84.0 toapproximatsly*'??.o-
Assuming total dynamic head at 30 feet and pump efficiency at 80%, pump capacity
to supply 800 cfs would require approximately 3,400 horsepower or 2,500 kilowatis.
This plan would add to the initlal conts of a Dam across Trinidad Arm of Gatwum
Lake, primarily for providing lock sills below elevation 72.0 and for a guitable
pump plant foundation and piping. Further studles would be required on the
effects to small boat navigation and adequacy of the water supply. There may
also be advantages In providing for reveraible pumping in any pumping plant at

a Dam acrossg Tpinidad Arm of Gatun Iake. A plant pumping fresh water from
Trinidad Lake would of course preclude any possiblllity of palt water contamina-
tion in Gatun lake which is a condition that must be faced when pumping 8ea water.

3. Pumping Plant Designs and Cost Estimates’

Any plant for pumping sea water into Gatun Lake must include 1ts own
povwer productlon equipment because the present electrical generating plants in
the Canal Zone will be utilized. to capaclty for other needs when the water supply
ig short. Comparative investigations were made of radial dlesel engine direct-
drive pumps and electric motor-driven pumpe with power gupplied by gas turbine-
driven generators.

Ttems which are common to both the dlesel and electric plants include
access road, dredging, fuel handling and storage facility, penstocks and outlet
structure. Fuel storage requirements &re based upon one month's supply, oF
nearly 40,000 barrels et full load. It 18 apsumed that a sultable barge docking
facility would be conatructed on Gatun Lake, with a pipeline 1eading to four
10,000 barrel above-ground tanks in the vicinity of the outlet structure. Cost
estimates for the penstocks are baged upon constructing twin g-foot dlams texr
pipes, lined with coal tar and installed underground.

Experience to date on padial diesel engines 1g limited to units of
2,100 horsepower. Seventeen units would be required to provide the capacity for
50 lockages in a criticel year, and at least two spare units should be provided
tn a plant of this size. Theae diesel-drive units could be installed incremental
with growth in canal traffic and thersby reduce the initial capitel requirements.
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TABLE I
CONSTRUCTION COST ESTIMATE FOR PUMPING PLANT
(Witn Direct Drive Diesel Pumps)
Unit
Qutlet Quantity Unit Price Amount
Excavation 1,000 cY $ 2,00 2,000
Concrete 550 cY - " 70.00 38,500
Cement 825 Bvl. | 5.00 k,150
Re-Steel . 55,000 # 0.15 8,250
Miscelleneous Steel, '
trash racks 30,000 # - 0,50 15,000
Dewatering - L.S. ——— 0,000
Sub total § 117,900
Penatocks
Excavation Struct. 13,900 CcY 5.00 70,000
Common L, 700 - cY 0,50 2,350
Backf1ll Compact. 9,200 cY 0.30 4,600
Loose 4,700 CY 0.25 1,175
Concrete 300 CY 70.00 21,000
Cement 450 Bbl. 5.00 2,250
Re-Steel 15,000 # 0.15 6,750
Structural Steel 1,154,000 # 0.50 77,000
_ Sub total 5 385,125
18 Pump_Plant
% Excavation 19,000 2,00 38,000
Concrete 10,000 70.00 700,000
Cement 15,000 5.00 15,000
Re-Steel 1,500,000 0.15 225,000
Structural Steel - L.S8, - 100,000
Dewatering - L.8. - 75,000
Pumps 19 each 100,000 1,910,000
Direct Drive
Vertical Dicsels 19 sach 190,000 3,600,000
Valves and Controls 19 each 55,000 1,045,000
Intake Channel 300,000 cY 1.00 300,000
Tank Farm -—- L.S. - 500,000
Access Road - L.5. - 20,000
Sub total 588,000
sub totul Conatruction Cost 9,391,000
~ontingencies @ 2 1,878,000
vngineering @ % 657,000
Total $11, 92%, 000
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TABLE J

CONSTRUCTION cosT ESTTMATE FOR PUMPING PLANT :
(With Gas Turbine Cenerators and Tlectric Motor Driven Pumps)

Unit
outlet Quantity Unit Price Amount
Excavation 1,000 cY $ 2.00 $ 2,000
Concrete _ ' 500 CY 70,00 38,500
Cement 825 “Bbl. 5.00 4,250
Re-Steel " 55,000 # - 0.15 ‘ 8,250
Misc. Steel: Trash . ‘
racks, etc. 30,000 # 0.50 15,000
Dewatering - L.S. ——- 0,000
Sub total § 117,900
Penietocks
Excavation:Struct. 13,900 cY 5.00 70,000
Excavation: Common 4,500 ()4 0.50 2,250
Backfill: Compacted 9,200 cY 0.50 k. ,600
Packfill: loose 4,600 cY 0.25 1,150
Concrete 300 cY 70.00 21,000
Cement . 450 Bbl. 5,00 2,250
Re-steel ' 45,000 # 0.15 6,750
Struct., steel
A-085B 1/2" plate 1,154,000 # 0.50 77,000
Sub total 3 285,000 .
Pump Plant
S Excavation 8,330 cY © 2,00 7,000
3 Concrete 5,000 cY 70.00 ' 350,000
4 Cement 7,500 Bbl. 5.00 37,500
Re-ateel 750,000 # 0.15 112,500
__ Struct. steel L,S. - L.S, 50,000
| Dewa tering L.5. L.s. 50,000
Pump 5 ‘ea. 393,000 1,965,000
: Motor 5 ed. 230,000 1,150,000
Valves & Controls S ea. 150,000 750,000
Electrical eguipment --- L.S, --= 740,000
Turbine Generators 2 ea. 1,835,000 3,670,000
Intake Channel 300,000 cY 1.00 300,000
Tank Farm L.S. 500,000
Access Road L.S, 0,000
Sub total ﬁ §;712:000
Sub total $10,515,000
Ccontingencies @ 20% 2,103,000
Engineering @ T% 736,000
Total $13, 355,000
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An enalysis of the operating and meintenance costs to the year 2000
was made for the dirsct-drive diesel plant and for the gas turbine generated
alectric motor plant. The analysis was based upon water records for, the peric
from 1905 through 1961. The median month in this period for each of the twel-
months was selected and arranged to produce a hypothetical median year as
shown in Table K. The inflcowe of this hypothetical medlan year are conslderec
to represent the most probable ocourrence of conditions which can be anticipa-
over an extended period. Using these inflows, operation studles (similar to
mables ¥ and H) for 35, L0, 45 and 50 lockages per day were mede and used as ¢
pasis for developing the curves of water pumped and gpilled shown in Figure
No. 8. The previously presented criteria for pump operation were used.

These curves for water pumped and spilled were used as a basis for
estimating operating costs and possible power venefite. The number of lockage
for each perlod ls an average figure based upen the prosperity cycle. In
Table L there 1s tabulated the total net cost to the year 2000 of a pumping
plant with direct-drive diesel pumps and in Table M there 15 a gimilar tabu-
lation for a plant with gas turbine driven generators and electric motor drive
pumps. It has been assumed that either plant would -be consiructed in an Initi
increment during the 1963-1965 period and second increment during the 1981-16€
period. It has also besn aseumed that the necessary capltal could be borrowed
at an interest rate of 2-5/8% and would be amortized to the year 2000.

Total operating and maintenance costs to the year 2000 for the
divect-drive diesel plant are estimated at $14,005,000, whereas these same
cogts for the gas turbine generated slectric motor plant are estimated at
$10,795,000. Although some additional maintenance and personnsl expenses
are anticipated for the diesel plant due to the greater number of units and
inherent characteristics of internal combustlon enginea, the largest part of
the $3,210,000 difference is caused by higher fuel costs per unit of water
pumped. Operating costs for the direct-drive diesel pump plant more than
offset the savings in initial capltal investment.

Manufacturer's information indicates that individual radial diesel
engines for direct-drive .pumping may be, increased in size up to 3,000 horsae-
pover by supercharging. o actual'opprating experience has been obtained
for units of this size. If they could he proven suitable for the Panama
operation, initial capital costs would be less then shown on Table I because
fewer units would be required. Fuel consumpticon, however, would be more.

An analysis to the year 2000 jndicates that, including operation,maintenance
and amortization, total costs for a plant with 3,000 horsepower direct-drive
dlecel pumps is nearly the same as the total costs for a plant with gas
turbine driven generators and electric motor driven pulps. The latter

plant has been chosen for subsequent discussions in this report.

Tables L and M indicate that possible benefits might be obtained
“rom power generated by excess spill. Excess spill is water punped into
Gstun Lake but not required for lockages and, therefore, could generate
hyiro power at the Gatun Plant. The amount of this water is a functlon of
established operating procedure and actual rmoff. It would be available
with any type of pumping plant., This eXcess gpill, however, is available
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and may be of doubtful valus

+o the overall power system of the Canal Zon®. Its value in Tabiles L and M
has been computed at 21L.7 nils per itlowatt hour, & figure which represents
the average d4fference between the cost of generating diesel power and hydro
ower in the Canal Zone during the past three years. If this energy can be
utilized during the early months of the wet season, 18 value to the year 2000

would exceed $8,000,000.

only during the early monthe of the wet season

. Effecta of Salt Water in Gatun lake

The introduction 6f galt water into Getun lake would present a
1th any of the alternate plans for

possible hazard wkich would not exist v
increasing the water supply of the Panama Canel.
th the ges wafar would be exposed 10
pre-

corrosive action. . Since the pumping plant would be new construction,
ventive measures cal e provided in the deslign. These include use of
corroﬂion-resistant motals and coating with inert substances. The pumping

plant cost egtimate includes provialon for such protection agalnst the
action of the palt water.

Units in direct contact wi

: With the outle® atructure located near Gatun Dam, most of the salt
y  water can be expected o remain in that {rmediate vicinity and De discharged
© through the Gatun Locks. ¥or the impurities to {ravel in any other direction

wvould require a preversal of the agsumed currents in Gatun lake. Under bthe
ia agsumed in this report, the water gurface of Gatum lake is
being lowered during the pumping operatliong, indicating a
general flow fyom Gamboa to Gatun lLocks., In the wnlikely gituation of all
the pumped sea water replacing & 1ike amount of fresh water 1in Gatun lake
during a critical dry 86ason, the average concentratlon of impurities,
assuming an even distribution, would be less than one-fifth that found in

szlt water. This approaches & pracklsh water quality.

It is very doubtful that any salt water contamination would reach
the municipal water gource near Gamboa. 1t 18 unlikely that the other
jntake near the Atlantic side would be sffected since considerable pro-
+ection ig provided by the Monte Lirio vailroad £111. The possibility,

nowever, spould not be dismissed.

e exposure of metal parts and

ould te made on th
Prect must be anticipated in

Tnvestigationse ah
Some deloterious ©

1 pachinery in Getun Locks.
these WOT'KS.

r

5. Time Estimate

o of the plan for increasing the water supply

1 by Pumping Sea Water into Gatun Lake 1s that constructicn sould commence s
soon as the deslgn 1g completed. The conatructlon 1tgelf could be done in
trree years OT 1esg. Also, the plant could be conatructed tnorementally and
cepac ity added a8 needed. A8 menticned previously, however, {mprovements are
baing finmanced ¢from current revenuss and the program of Cut Widening and Jock
e overhaul procedures 18 expected to consume most of the avallable funds
hwrough fiscal years 1963-65. A realistic completion date for the initial

npement of any pumping plant. would probably be 1967 or 1968.

A signiflicant advantag
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TABLE K

THE HYPOTHETICAL MEDIAN YEAR

*Net Inilow Fet Inflow
Madden Watershed Area
Month Watershed Below Madden Dam
January 10k - | 25
February : | 65 -29
March . 29 | -35
april | 37 15
May 12k 118
June 191 148
July 15h 2h0
August 205 239
Septém‘ber 150 290
Oc tober 155 421
November 215 518
December 219 o7

* Figures for monthe in years prior +o 1934 are corrected
for avaporation and do nct agree with those published

in hables.

Note: Inflow figures are in thousands of acre feet.
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E TABIE L
! roTAL NET COST TO YEAR 2000 OF PUMPING PLANT
- (Direct Drive Diesel Pumps )
. | 1063-1965 1666-1970 1971-1972 1976-1980 19_8_14-1082 » 1986-1990 1991-29%35 1696-2000
g pverage mumber of lockages per day - - 3435 37.30 wo.15 - 4280 550 48.10 50.80
‘é : Water pumped (baged on nypothetical | ' o ,
% modien year) (af) 865 965 1,180 1,385 1,675 1,939 2,215
v : Operating cost for fuel, oil and supplies
E @ $1.05/af ($) — 910 1,015 1,200 1,455 1,7€0 2,030 2,375
é? i Operating cost for perscrnel ($) --- 230 210 310 355 +00 | ko 480
5 Total Cost of Operation ) --- 1,140 1,285 1,510 1,810 2,160 2,470 2,805
% | Maintenance Costs ($) -- 30 60 90 120 150 175 200
%, \ Total 0&M Cost ($) --- - 1,170 1,343 1,600 1,930 2,310 2,645 3,000
i‘ \ Capital Expenditures 6,662 5,264
'. pmortization to year 2000 with interest -
‘ @ 2-5/8% (¥) --- 1,402 1,492 1,492 1,k92 3,637 3,637 3,637 16,87.
_ TOTAL O&M AND AMORTIZATION COSTS —- 2,662 2,837 3,092 3,22 5,947 6,282 6,642 30,88
] : . 4
a _ !* Egbimated Power Benefits .
i i i : . )
* Excess Spill {(af) - oo 590 625 5 905 1,035 .1,090 1,100 6,09
i a ,
_' i Pover generated by excess gpill (kvh) B 36,400 38,500 5,900 55,800 63,800 67,200 67,800 375,400
{ . Value of power @ 21.7 mils/iwhn (3) --- 790 835 955 1,210 1,385 1,460 1,470 8,143
|
!
1

Note: ALl figures except numper of lockages
are in thousands.
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Average number of Jockages per ¥

Water pumped (vased on
median yoar) (af}

Qperating cost for fpel, olil and suppllee

@ $0.81/af ($)

operating cost for persormel ($)
motal Coat of operation ($)

Ma intenance conts ($)

Total O&M Cost %)
Gapital.Expanditures ($)

Amortization to year 2000 with snterest

@ 2-5/8% (§)
TOTAL 0&M AND AMORTIZATION cosTe

Eetimated Power Bonefits

Excess Spill (af)

Power generated by excesd gpill (xwh)

Value of power @ 21.7 mils/kvh ($)

A1l figures except numbe
are in thougands.

Note:

lQé%-lQGj

r of lockages

TOTAL NET

(Gas Turbin®

10661970 22

3,35
865
700
185

885
20

902

1,805

2,710

590
36,400
790

TABIE M

COST TO 2000 OF PUMPING PLANT
Gﬂnﬂmtﬂrﬂ & ElOGATiG Motor Driven lepﬂ)

1976-1980 1981-1985

31.39 40.15 42,80
' 965 1,140 1,385
80 925 1,120
215 250 285
9% 1,175 1,405
1,035 1,235 1,485
5,107

1,807 1,805 1,805
2,840 3,040 3,290
5 905

625 145,900 55,800
38,500 9% 1,210

835

1986-1930
45,50

1,675

1,360
320
1,680
100

1,780

3,905
5,685

1,035
63,800
1,385

1991-19%
48.10

1,935

1,565
320 |

1,915
120

2,035

3,905
5,940

1,090
67,200

1,460
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1996-2000
50.80

2,215

1,795
365
2,180
140

2,320

3,905
6,225

1,100
67,800
1,470

10
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tne water required per lockage would be gppreciably greater, Furthermore, tke
4 be very extensive and would include in-

work involved to permit this woul

creasing the height of the mlter gates at the upper 1evels of both Pedro
Miguel and Gatun Locks, raising 15 miles of the Tanama Railroad, ralsing the
Dredging D4vision shore facilities, relocating cables, raising lock wallse and
other miscellaneous 1tems estimated to cost some $35,000,000.

The cost of ralsing the lake level to elevetion +92.0 is not Justifi:
ond 1g not comparable with either the Dam across Trinidad Arm of Gatun lake

project or the Canal Deepening project.

Raising the lake 1evel to elevation +88.0 48 economical and can be
However, it does not by itself

accomplished at any time in the future.
produce gufficient additional lockages to spuffice over many years and would
refore, 1t should be coneldered as

mean loss of f£lood control gtorage. Ine
an improvement to be made 1n addition to either a Dam across Tpinidad Arm of

Gatun Lake O the Canal Despening.

3, Csno Quebrado Dam

ig adjacent to and along the east
gide of the Trinidad Basin. A relatively inexpensive dam could be built in
the vicinity of the point where this drainage now discharges into Gatun Lake
and 50,400 acre feet of usable storage thus provided. This stored water
could be discharged into Trinidad Lake through & connscting channel approxi-
mately one mile long. This atorage would provide an additional o lockages

per aay-

The Cano Quebrado drainage area

on of the connecting channel would be
an arrangement to discharge directly
worked out with the

It appeers thet any locatl
outside the Canal 7one. In that event,
into Gatun Lake would be necegpaXy or treaty authority
Republic of Panama.

In any evend, this project in 1tgelf 1is not adequate to meet
d must therefore ve considered ad an

increased watsr needs for the Canal an
addition to sither +the Dam acros8 Trinidad Arm of Gatun Lake or Canzal

Deepening projecta.
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VII. POWER GENERATION INCREASES

1. Addition of a Dam acroEs Trinidad Arm of Gatun Iake or Canal Deepeniz

The growing power requirements and impending deficlencies of supPly
both in energy and capaclty have peen covered in Paragraph IIT-8 of this repor
This particularly points out that ag early as 1965 there will be a deficiency
in both capacity and ensrgy in an average water year even 1f aither the Dam
acrogs Trinidsd Arm of Gatun Take or Canal Deepening projects could be com-
pieted. By operating the Madden plant for peaking purposes rather than base
1pad some of the capacity deficit can probably be overcoue. Nonetheless some
new power generation will have to .be provided.

‘2. Pumped Storage

~ Consideration has been given to developing power Dby pumped. storage
in Gatun Iake. The feasibility of this ig predicated on the availability of
a large block of inexpensive off-peak power to be used to pump water to an
upper pool for later release through & hydroelectric plant during peak load

wours. Off-peak power for this pumping 1s not now available to the Company-
It is pomsible that at some future time when substantially more thermal

generating capacity 1s available than is now the case, a pumped storage in-
gtallation might be Justified.

3. Fourth Unit at Madden Plant

A second posaibility for increasing the power production facilities
of the Company is the adding of a fourth gensrator to the Madden power plant.
Thigs would make the Madden plant much more gultable for peaking purposes
which, in the light of predictable future trends, appears Lo be the best way
to integrate this plant into the overall operation. During the critical low
water periods of the future the Gatun power plant will be of decreasing value
voth to produce energy and %o provide dependable capacity. At the same time
more thermal capacity will have to be made available to care for increased
demands and replace decreased hydro., -To provide peaking capacity by thermal
plants will involve high plent and operating costa. The Madden plant, 1f
expanded, would be particularly well suited to operate at a low load factor
to produce peaking power since the water flow can be ro-regulated downstrean
by Gatun Lake. On the other hand, during the ralny season when runcff 1=
heavy, it is likely that an economic study would disclose that the Madden
plant could best be operated for baee 1cad and the thermal facilities used
for peaking. This would conaerve fuel copts.

1+ 18 felt that the posslble advantages of another unit in the
Madden plent are gufficiently attractive to Justify further gtudy. This
could best be accomplished after a declsion is resched as to which method
1s to be used to Increasc Canal water supply. Electronic computer analyslis
of the operation of the existing pover plants together with vardious sizes
of an additional Madden unit end additional thermal capacity and various
conditions of future water supply including the wet and dry Seasons for

minimum and average water years would readlly determine the benefits of this
involved in the in-

sroposal. In addition, the coat and construction problem
stallation of the gdditional unit and attendant plant facillties should be

anscertained.
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viIl. SUMMARY,

The sotimated future continued increas® in Canal rraffic makes it
that the supply of stored water be snereaged to carry through
{ne dry season of each year and particularly years of 1ow rainfall. Unless
thig 18 accompliahea in the yeasonably noar future, there 18 serious hazard
that even She minimum channel depth of 42 feet carmot be mintained at all

vimes.

imperative

: The construction of a dam on the Chagres above Madden is not attractive
vecause of the high costs, ihe relabively rew additional 1ockages per da¥y it
will add %o {he present capacity, and +he necessity of negotiating a newv
treaty arrangement with the Republic of Panama %o permit 1ts aonstruction.
14 is not recommended for further consideration at this time.

Rzining Gatun lake Dy one foot 18 8 possibility pecauge of the low
estimated cost of $600,000 to provide approximately L pdditional lockages

per Gay.: However, part of this storage ig already used occasionally,

the additional lockage capacity 18 not gufficient to moet estimated increases
of traffic for vexry far into the future. Furthermore, 1t would decrease the
gafety factor in flood control. Since rhis development call vo deferrsd
without harm, whereas the Dsm across Trinidad Arm of Gatun 1ake project must
progeed soon or be apandoned, it is recommended that ralsing the 1ake not be

undertaken.
Raising Gatun Take by five feet would involve sdome Very extenglve alter-

stions to the Canal and bring the estimated costes o such & level - 435,000,000 -
that it 1s not justifiable when compared to other methods of achieving comparable

ends.
The Cano Quebrado Dam project would not produce enough gdditional water

tp meet long term needs and i+ ig therefore not suitable by jtgelf. It can
and should be deferrved at present but should be kept in mind if 2 lockages

per day should appear important.

Tre Dam across Tyrinidad Arm of Gatur Lake, the Canal Despening, and

' n can provide substantial benefits-
ct 18 compared with Canal
Take in Table O

The Dam across Trinidad Arm of Gatun Lake proje
Deepening in: Table N and with Pumping Sea Water inteo Getun

1ol loving.




TABIE N

COMPARISON OF
DAM ACROSS TRINIDAD ARM OF GATUN LAKE

CANAL DEEPENING AND
-Foot Channel Depth Provided)

(Minimum L2
——

Dam acroes Trinidad
Arm of Getun Take pPreferred

canal Deepening

Capital Cost ~ $17,800,000 410,078,000 Trinidad

Locknge capacity during
eritical year (1920) with
Lo-foot channel depth
(average number per day) 61.5 55, 1% Deepening

Provides additionsl flood
control No Minor Comparable
- Advantages of Trinidad in
nﬁ;' power preduction: :
KWH per year - average water 9,400,000 Trinidad
Value of power per year 203,000 Trinidac
E.; . Time of completion of
' construction 1971 Mid-1968 Trinidad
: ., Interfersnce with navigation Yeos Minor Trinidad
. Incorporation.with gea-
level canal Partial Partial Comparable
. Conversion of Canal to
pOWET preoduction Yeos Yes Trinidad™*
Yes o Trinidai

g, Can be deferred

% Tf o Wi-foot navigation depth 1s maintained, this would pe reduced

%o 45.7 lockages peT day for a low water year but would be 50 or
more lockages for all but 3 years during last 57 years of record.

dvantage of gtoring water at a
the production of more power.

.

higher elevation

x% Tpinidad has the a
and thus enabling

4 Arm of Gatun Lake has
which axe important. It hnas
ing has a gubstantial

s Dam acros8s Trinida

ms 1, 4 and 5, all of
The Canal Deepen

In the above tabulation,
substantial advantages in Ite
. legser advantage in T1tews 6 and 8.

advantage in Item 2.
Ttem 9 iB particularly gignificant. In Paragraph I1I-10 it was brought out

that if a Dam across Tripidad Arm of Gatun Lake 18 to veallze the economwy of

using the raterial avallable from the cut widening work which 18 now proceedIng.

the dam must D puilt simultaneously with To build & Dam across

“yinidad Arm of Gatun lake at any other time the ceost an eatimated

575,635,000, without any allowance for conting

w11l Increase

encies on thie incrense.




TABLE O
COMPARISON OF )
PUMPING PLANT AND DAM ACROSS TRINIDAD ARM OF GATUN TAKE PROJECTS

(Minimum LY -Foot Channel Depth Provided)

Dam acrost Trinidad
Pumping Plant Arm of Gatun Iake Preferrs

Capital cost

Tnitial installatlon $ 8,197,000 $10,078,000 Pumping
Capital cost : : _

Total 4installation $13,354,000 $10,078,000 Trinidad
Average annual cost of

maintenance and : .

operation * $ 308,000 $ 106,000 Trinidad
Total cost to year 2000% $26,500,000 $15,275,000 Trinidad

Loclkage capacity during
critical year (1920) with
Lh-foot channel depth

(average number per day) 50 L5, TH* Pumping
Provides additional flood

control No Minor Comparab-
When facility can be usable 1967 Mid-1968 Purping
Incorporation with sea-

level canal’ Neone Partial Trinidad
Usable with converaion of

Csnal to power productlion Ko Yes Trinidad
Adverse effect on municipal

water supply Possible None Trinidad

¥ DNoes not include poseible power venefits.
#% Capaclty would be 50 lockages per day average in all yeers
except 3 during the last 57 years of rqcord.

In this tzbulation the Dam across Trinidad Arm of Gatun Lake project hos
very gubstantial advantages 4n Ttems 2, 3 and 4, all of which are important.
Tt has advantages in Items 8, 9 and 10 which are significant.

The pumping plant projJect can be puilt in increments to fit the demand

«nd this shows %o advantage in Item 1. It algo provides an agsured capacity

of 50 loclkmges Dper day whereas 1t can be anticipated that a Dam across Tyrinidad
hem of Gatun Lake will fall short of this figure in about 3 years in 57. In
such years there will be a restricted araft. This 1s shown in Item 5. Also,
the Initial increment of a pumping plant can be placed In operaticn gomewha b
seplier than a Dam acToBs Trinidad Arm of Gatun Lake.

- 4 -




e possible solutions to providing gdditional
water supply for the Canal discloses that the Dam acroff Trinidad Arm of Gat:
lake project has a gubstantial advantage in the overall coste and, while 1t
provides gomewhat less additional lockages bthan the other projecte, it does
meet estimated normal requirements through the year 5000. In the wnlikely
possibility that a high prosperity cycle of 1ockage demands coincides with &
very lov rainfall year during the last decade of the century, 80me restrictic
on navigable depths would have to be jmposed but this would De not less than

the 42 feet now provided.

A comparison of these thre

i1t 1g evident that gome additions will

With regard to power generation,
nave to be made to the power generating facilitles of the Company 1in order

to meet increasing loads.

It would appear that there may pe substential economic advantages 0O

ingtalling more generating capacity in the Madden power plant and operating

this plant for peaking purposes during the dry season. In the wet eeasClh;
+ for base load. Stud les were

it would probably be best to gperate the plan
clusion in this matter.

not carried far enough to reach a CON



IX. CONCLUSIONS AND RFCOMMENDATIONS

Tt ig concluded that of the projects studied, only a Dam across Trinidad
Arm of Gatun lake, the Canal Deepening and Pumping Sea Water into Gatun Lzke
can adequately meet requirements for lockage water wntil the end of this
century. The pumping of sea water has disadvantages that make it less
attractive than either a Dam across Trinidad Arm of Gatun Lake or the Canal
Deepening. Of the latter two projects, a Dam across Trinidad Arm of Gatun
Iake has significant advantages over the Canal. Deepening. Furthermore, to
realize a large capital cost saving it muet proceed simultaneously with the
current Cut Widening program. A pumping plant of any suitable capacity can
be added later. o S :

In view ol the comparisons made in thia study, it 1s recommended that
the Dam acroas Trinidad Arm of Gatun Lake project be adopted and that con-
struction be initiated concurrently with the balance of the Cut Widening

project,

It is also recommended that further studles be made of installing mere
senerating capacity in the Mrdden power plant.
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APPENDIX A
REPORT OF GEOPHYSICAL EXPLORATIONS

TRINIDAD DAM PROJECT
CANAL ZONE

;. _INTRODUCTION

) Geophysical surveys have been completed in connection with preliminary
engineéring'studie;s for Trinidad Dam Project located in Gatun Lake, Canal
Zone. | |

The axis of two proposed dams Cross tﬁe Trinidad Arm of Gatun Lake, an
artificial lake, which occuptes a broad valley. In the vicinity of Trinidad Dam
gijte Number One, several hilltop's extend above the lake surface forming
Guacha, Tern and Booby Islands. There servoir created by this dam site will
extend to the southwest for a distance of nearly fifteen miles.

The purpose of this {nvestigation was to obtain seismic velocity and
olectrical resistivity profiles for use in determining the thickness and nature
»f overburden materials and the continuity and general condition of bedrock.
Explorations were carried out along the axis of the proposed Trinidad Dam Site
No. 1, at the Cano Saddles and in the vicihity of C_oco Solo Hospital for the
purpose of obtaining seismic velocity data of known geologic formations. A .
very brief overwater electrical resistivity survey was also made along the axis
of Trintdad Dam Site No. 2 for the purpose of furnishing general comparative
data, altﬁough this site is not being cénsidered in the present feasibility
study.

Preliminary interpretation of geophysical data was made in the field as
the explorations progressed. After study of the preliminary results, lccations
were selected for four test borings along the axis of Trinidad Dam Site No. l.

The logs of these test boringswere used to correlate depths to various

materials located and differentiated by the geophysical survey.

These explorations were completed under contract to the Tudor Engineer

ing Company of San Francisco.




11.

A.

B.

I11.

PERSONNEL AND EQUIPMENT

Key personnel and all geophysical {nstruments were furnished by Geo-

Recon. Incorporated. Labor, transportation, land surveys, hydrographic sur-

yeys, base camp and support for field operations were furnished by the Panama

Canal Company.

Our personnel and equipment included a geophysicist, field assistant,

twelve channel refraction seismograph with accessories for both land and
overwater surveys and a special overwater electrical resistivity apparatus

designed and constructed at our office specifically for this investigation.

Personnel furnished by the Fanama Canal Company included a powderman,

three laborers, and boat opei-ators. A base camp was esgtablishced on Guacha
~ 1sland for field personnel and transportation on the site was furnished by three

power boats.

FIELD EXPLORATION

_FibLL) DA RS =ns

General

Approximately 20,000 feet o land and overwater refraction seismic profik

and 4,500 feet of overwater electrical resistivity profile were made for the
explorations of Trinidad Dam Site No. 1, Cano Saddles and velocity tests near
Coco Solo Hospital. An additional 6,000 feet of overwater resistivity traverse

was recorded on the axis of Trinidad Dam Site No. 2.,

The field inve stigation was completed in sixteen working days starting

on January 2, 1962 and finishing on January 19. Little difficulty was ex=
perienced from brief, but heavy rainstorms which occurred almost daily, but
the trade winds which were particularly strong the last week of the field ex-
ploration, made overwater explorations in Gatun Lake difficult and sometimes
hazardous due to rough water. This was particularly true in areas of relativel
shallow water where numerous underwater obstructions, consisting primarily

of inundated trees, were present.

Methods and Egquipment

1. Refraction Seismic

A twelve channel Electro Tech refraction seismograph was used

-2




for ¢this inve stigation. This recording equipment included a PRA-1-12 re-

graction amplifier, ER-64 oscillograph camera and FS-3 high cut filter for use

in gverwater recordings. These {nstruments were operated from 3 government

furﬂiShEd power launch for both land and overwater explorations except for the

yelocity tests near Coco Solo Hospital where the {nstruments were truck-—

mdunted.
- Accessory equipment included E_VS-5-4 refraction geophones for land ex-

‘ploration and EVP-3 subme_réible pressure detectors for overwater exploration.
| portable brest reel cables were used for the land surveys and a heavy duty
twelve pair marine cable with a 4,000°1b, test stainless steel strain core was

' ysed for the overwater exploration. The marine cable was floated five feet be~
- low the surface of the lake rather than laid on the bottom because of numerous
merged obstructions and the risk of tangling the underwater equipment.

All shots on land were buried in the ground at depths of two to six feet

sub

and water shots were floated approximately five feet below the iake surface.

: Explosive chirges varied in weight from 1/4 to 5 pounds of 60% gelatin dyna-

mite.
Seismicrecordings were developed {mmediately after each shot to permit

inspection of the record quality and determine that adequate data were being

obtained.

2. Electrical Resistivity
A DC type continuous recording overwater re sigtivity system was

R

designed and constructed for this investigation. This unit employed a two
channel strip chart recorder for displaying and recording current and potential.

A transistorized power unit capable of furnishing 6§00 volts DC at 200 milli-

e s i i i

amperes was used as a power source.
This instrument was mounted in a twenty foot inboard power boat.

Two coaxial cables varying in length from 100 to 1,000 feet in length were
trailed behind the boat with fleats attached to the ends for bouyancy and drag.
The shield and center conductda of each coaxial cable was exposed at selected

locations to provide electrical contact with the water.




Yarious electrode spacing® were used yarying uuue -~

separate set of recordings was maae over the same path for each setting of the
electmdes. geveral bouys were anchored in tha lake to provide' markers for
.jiS'-.aﬂCG and alignment. These recordings were made at a uniform woat speed
af approximately 250 feet per minute.

Because of the 1ength of tratling cables required for the electrical re-
sistivity exploration. these measure-ments could only pe made in areas of open
waier exceeding 2,000 feet in length wh.efe no u‘nderwdter obstructions were
pre's.ent. For this reason resistivity measurements_could only be made from
sta. 10 + 00 to 43+ 00 and diagonally at statlon 47 + 00 of Trinidad Dam Site
No. 1.

A single set of resistivity measurements was taken at Trinidad Dam Site
No. 2 using an electrode séparation of 900 feet in crder vo furnish some basic
data for comparind the two gites. In2se measure’ments were made for a dis-
tance of approximately 5000 feet across the dam axls and excluded the inshore

areas for 8 distance of 1,000 feet from gach apbutment.
. INTERPRETATION AND RESULTS

A. Trinigad Dam Site No, L
The location and results of this nvestigation are shown on the en-~

closed Geop’nysical Exploration Plan, Fig. Al and Geophysical profile, Fids:

A1l and AIlL.

the entire site area 1s underiain, BY soft sedimentary rocks which aré
mantled by 2 relatively thick weathered zone and soft residual overburden.
The lower elavation of Trinidad Valley was filled with soft organic and ailuv:
depnogits prior to the raising of e \ake. Lhese deposits are cailed the
Atlantic Muck Formation.
L, Wf‘—‘ﬁ*—ﬁl—ﬁ-

For the purpose of this ranolt all materials overlying firm pedronht
and having 3 geismic velocity of less 1nah g, NOG ft/sec. are called gverbut
naterials. These materials inciuae '.-.*eat‘nered pedrock, soll verburden.

zituvial deposits and all phases of (e Atlantis Muck Formation.
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- greas.

These materlals are described in detail on the bore logs, Table 1,
sheets 1 through 14 and because they are quite different in the land and water
are discussed separately in this report. '
a) Land Areas

Overburden materials encountered in the exposed surface
areas of the abutments and on Guacha Tern and Booby Islands, consist of
emdual solls and weathered rock having a velocity range of 1,000 to 3,400
feet per second. . |
| These materials are differentiated on the basis of their seismic velocities
as shown on the Geophysical Profile Figs. All and AIll, Because no test pits
or test borings have been made in the land areas, our classification of these
Imaterials {s based upon the logs of test borings completed in the lake, on the
observation of limited local outcrops and on our estimate of the normal geologic

sequence of residual overburden materials which would be derived from bedrock

weathering in a tropical climate.

Materials having a velocity range of 1,000 to 1,500 ft/sec are classi-

fied as soft overburden consisting of unconsolidated, or semi-consolidated

surficial deposits or highly weathered rock.

Materials in the velocity range of 1,500 to 3,400 ft/sec are identified

- as weathered rock. We are of the opinion that varjations of velocity within

" this range reflect changes in the degree of weathering and differences in the

type of bedrock from which the weathering products are derived. Exposures
of the weathered rock are limited to the shoreline of Guacha Island in the
vicinity of Station 79 + 60 where the soft overburden deposits have been
eroded away by wave action.
b) Water Areas

Overburden materials found in the water areas include
recent lake deposits, Atlantic Muck Formation, alluvial deposits, and residual
overburden. These deposits consist of soft to very soft clay, silt, sand and
peat (Atlantic Muck Formation) overlying soft to hard deposits of clay, silt,
sand and gravel derived from both alluvial deposition and the weathering of

bedrock.

-5-




These various overburden materials could not be differ-
entiated on the basis of seismic velocities due to the lack of velocity con-
trast between the overburden deposits and the fresh water of Gatun Lake.
However, in areas where electrical resistivity measurements could be made,
it was found that the overburden deposits could be separated into two groups
on the basis of their electrical properties, The first group is composed of
recent lake deposits underl-'am by thick zones of very soft peat interbedded
with thin zones of soft silt and clay (peaty phase of the Atlantic Muck
Formation.) The second group underlies the first group and is composed of
soft éilt and clay with thin zones of organic material over weathered rock. The
location and thickhess of these deposits is shown on the Geophysical Profiles,
Figs. All and AIII. |

The thick zones of soft peat detected hy the electrical resistivity -survey
extend from approximately Sta 16 + 00 to Sta. 35 + 00 and have a maximum
thickness of approximately 75 feet, It 1s possible that the peat deposits
could not be detected by the electrical resistivity survey where they are less
than 25 feef thick and therefore they may extend beyond the area described.

2. Bedrock Materials

Bedrock within the site area has been identified by the logs of the
test borings as rather soft sedimentary rocks consisting of tuffaceous sand-
stones and siltstones which probably belong to the Gatun Formation.

A rather broad range of seismic velocities, 5140 to 7400 ft/sec, was
recorded in the firm bedrock lndicéting that {t may be somewhat more variable
in composition and, or condition than is presently indicated by the core
samples, Lower velocities indicate the presence of softer sedimentary rocks,

At twc locations in the water areas the velocity of the bedrock is
below 5,400 ft/sec. At these locations the bedrock does not have sufficient
contrast with the overlying water to permit accurate interpretation of depth to
rock by the seismic method. These areas extend from Stations 16 + 00 to 32 +00
and from Stations 147 + B0 to 152 + Q0.

The bedrock profile from Station 16 + 00 to 32 + 00 was constructed

from electrical resistivity data alone, This method could not be used however,
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petween stations 147 + 80 and 152 + 00 because of the 1imited water area In
which to work and the existance of numerous underwater obstructions. Useak
geophysical data is therefore lacking in this area and the bedrock profile
shown on the Geophysical profile, Fig. Alll is inferred.

B. _Cano Saddles

Four selsmic lines were completed in the Cano Saddles area. thret
at Saddle four and one at Saddle five. The location and results of these sur-
veys are shown on the attached Geophysical Exploration _Plan , Fig. A 1V and
Geophysical Profiles, Fig. V.
An overburden velocity of 1230 ft/sec was detected throughout the ares
explored. Materials in this velocity range include the fill material of the
existing dam and, or soft overburden.
Bedrock velocities measured in this area range from 5,000 to 5,700
ft/sec. This velocity range 1s low and indicates that the bedrock materials
are relatively goft. These materials are classified by the logs of old test
borings as sandstone and conglomerate interbedded with soft materials whi
are not described in the logs.

C. Coco Solo Hospital

Two seismic velocity tests were completed in the vicinity of Co
Solo Hospital to furnish seismic data on known geologic formations which
expected to be similar to those encountered at Trinidad Dam Site No. 1
The first test was made on the Gatun Formation at a borrow ares
across the road from the entrance to Coco Solo Hospital, The resuits of tl
test indicated that the velocity of weathered Gatun Formation was 1900 ft/
and that of the firm pedrock 7800 ft/sec.

The second test was made along a drainage ditch {n a bog ared
located a few hundred feet east of the highway intersection approximately
mile south west of the entrance ta Coco Solo Hospital. At this location &
velocity of 7700 ft/sec was recorded in Gatun Formation and a velocity of
4500 ft/sec in material which is either Atlantic Muck or weathered Gatun

Formation.

D. Trinidad Dam Site No, 2
A single pass was made over the water area of this site with t

.
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?l:w COLUMNAR o ) : :
LR SECTION pESCRIPTION or MATIRIAL pRILLING CHARACTERISTICS

0.0 WATER, GATUN LAKE,

76.0

e ommn 1 0s — Top of Recent lLake Depoaits Push driiled dry with
- == | SILT & CLAY. Hard overburden, high |NX casing. Core in

Mamhaben plasticity, high water content, un-|disturbed condition.
- T 1 consolidated, very carbonaceous Plug formed in barrel,

80.0 =", =!1yith abundant plent debris, con- |pushed meterial aside
[ — — taine scattered wood fragmente. E.P. 150 pail

- .__“"kg' olor: dark grey-brown 1,6° 40.0%

Top_'of 0ld Ldnd Surfacé
Prior to Flooding of Gatun lake.

STAY  Soft overburden, high plaf-—
ticity. high water content, wncon- | -
solldated, contains somd scattered
carbonaceous debris, bescomes silty
with depth. :

— — —|Color: dark grey-brown.

~ As above.

90-0 309' ) I 39‘0%

- — .|SLIT & CLAY. Hard overburden, bigh

e —= - plagticity, high water content, un-

conaolidsted, very carbonacoous Ag abcve.

with abundant organic, plant debria

g0 _ contains scattered wood fragments. e e — ——t—
' Color: dark grey=-brown. .

H HE.P. 50 pel

T - H.P.200 psi

101.0 dper 3,2! 29.1

102.6 p=— — —JCLAY. Soft overburden, high plas- | | As above
— — = ticity, high water content, uncon- —_—e— T T TN
L — —  olidated, beccmes sllty with depth
Colors: mottled reds, brown & grey.

1
As above

H.P. 400 psi

0 |— = . 2.8 25.5%
112.6 |=-.t = . SAND & SIIT. 557t overpurden, low | .. Asabove . —
ele=TiI plasticity, high water content, un-,.

consolidated; consista of a reaid-
ual, saprolitic gand & silt derived
from siltatone & sandetone by nor-

mal weathering processes. Color:
1ight to medium brovn, tuff & grey. H.P. 25-250 psi

‘Tablel. Sheet 1 Hals Na. ______ Dok . .-

- Se————




LevaTiON DEPTH COLUMNAR

in font in [ner SECTION DESCAIFTION OF MATERIAL ONILLING CHARACTERISTICS
SAND & SIIT. (Continued) | _ __ As above
ush drilled dry —\
ith BX casing. Core

in dfsturbed conditionl
124, 0 Ap above Plug formed in barrel,
pushed materisl aside.
- H.P. 250-450 psi

¥ .41.3 |128.0 - 5.8" 26.3%
= Top of Weathered Rock .

SILTSTONE, Herd overburden to soft '

rock, moderate Jointing with Jjointas As sbove
| highly weathered & containing soll- .

132.0 1ike material, thin bedding, fine- oo o — o o

' grained, marine; becomes harder Drilled dry with NX

with depth. Color: mottled medium Ksingle tube. Core in

, - browns & grey. disturbed condition.
135.1 Top of_ sound Rock _H.P. 500-600 psi | ©
_ SANDSTONE, Tuffascecus. Soft rock, Drilled repidly & |
i ! derate Jointing, thin bedding, easily with NX single
| : §‘50'3 137‘8 variably calcarsous, contains a tube & water. Core _ '
: 137 few scattered fossils, somewhat ground up. Material -y
carbonaceous containing scattered inferred from wash-
organic, plant debris; becomes ings & color of
- coarser w#ith depth. Color: mottled water.
& .-55.3  |142.0 medium to dark greys. 6.1 67. _
' Drilied rapidly and | 3
Bottom of Hole es8ily with NX single
NOTE : ube & water. Core Iin
Elevation Depth air condition in 0.1
+| 86.7 t¢ +10.7 0.0 = 76.0 WATER, GATUN TAXE |{to 0.6 ft. lengthas.
+| 10.7 76.0 Top of Recent Lake||3.8' 76.0%
Deposite
+| 10.7 tp + 6.7 76.0 - 80.0 SIIT & CLAY - Recent Lake Deposits
+ 6.7 80.0 Top of 0ld land Surface Pricr
p to Flooding of |Gatun Lake
+ Tt — 3.3 80.0 - 90.0 CLAY ]
Sl 3.3 th-1k.3 | 90.0 -201.0  SILT & CLAY _I ATTANTIC MUK FORMATEON
-l 14.3 t -25.3 1101.0 - 112,0  CLAY
-] 25.3 top -41.3 112.0 - 128.0 SAND & SIIT
-| 41.3 128.0 Top of Weathered Rgck |- Gatun (7) Formatipn
- 41.3 t -50.3 128.0 - 137.0 STLTSTONE - Weathered
- 50.3 137.0 Top of Sound Rock
- 50.3 tb=55.3 |137.0 - 142.0 SANDSTONE, Tuffacegus
-1 55.3 2.0 Bottom of Hole '

‘ 2.1 90,0' of 4" casing used In hole.
117.2' of NX casing used In hole.

3.[Core Box No. From To .
1 of 2 76.0 13%.0 |
! 2 of 2 134.0 12,0 |

4.|H.P. indicates hydraullc pressure, on drill heud, necessaly
to cuuse core barrel to penetrate s?il.

Table I Sheet 2 Hole Mo. _____ ™S-1. ...




DEFTH
In (et

COLUMNAR

JECHON

pescuipTion OF maTERIAL

\ BRILLING CHARACTERISTICS

0.0

81.h

WATER, GATUN LAKE \

|

—

83.0

8k.4

b ron A— AT

Top_of Recent lake Deposits
STIT & CLAY, Hard overburden, high
plasticity, & Water content, uncon-
solidated, very carbonaceous with
abundant organic plant debris; con-
tains scattered wopd fragmenis.
ZColor: dark grey-brown

Push drilled 4ry with
NX casing. Core re-
covered In disturbed
condition.

1004

90.0

1.0

— =~ “ipricr to Flood

i y— —

I

—— - i
|

I

}

i

5

ﬁ;.city,
v consclidated,
congists of leaves which appear to |

= consolidated;

. city, very high water

K black,

v\ %o have heen washed into

Top of 014 Land Surface |

of Getun lake. ‘
CLAY. Soft overburden, high plas- |
ticity, & water content, unconsol- '
{dated; becomes Bllty with depth, }
contains some scattered carbona- |
ceous debrise. Color: mottled medlum: .
greys oxidizing rapidly to grey-
brown on exposure to air.,

5.6

Ag above.

100%

TEAT. Soft overburden, low plasgtl-
yery high water content, un- |
highly compressible; ;

have been washed into poaition. ;

Color: dark brovn to bluck. l
1,0

Ag

above.

SIIT, Sapdy. =oit overburden, 1low |
plasticity, high water content, w-:

consiats of an allu- !

As

above.

12,

vial,sundy gllt deposiled by the .37
213 Trinidad River. Color: Brey- [
hy' oWl t

PEAT.

Soft overburden, low plasti—i
content, un-

As

above.

35.

consolidated, highly compregsible, 10.7"
consiste of leaves which appear i
posi- i
tion. Coleor: dark brown to .

SAND, Silty. Soft overburden, lo¥ ;
plasticity, high watev content,

uncongolidated, containa geattored |
\wood Tragments; conelsts of an ,
alluvial, silty gand deposited by i
the old Trinidad River. Color: ¢
A mottled medium browns & grey.

1bove.

Pl alste of an alluvial
— — deposited by the ald

SILI & CLAY. !

. 2 5of+ overburden, lov to medium

plasticlity, unconsolldated; con- !
gilt & clay '

Trinidad

As above..

Table 1 Sheet 3
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ORILLING EHARACTERISTICS [ ™

?E?H COLUMMAR
LR SECTION OESCMPTIQN =14 MATTRIAL

STIT & CLAY. (Continuad.)
River, Color: mottled medium blue~

greys oxidizing rapidly 4o brown on
expesure to alr.

As above.

AN 58.1% |

Tusbed arilled &xy with

TEAT. Soft overburden, low pla.sti-'i
-_ 'NX casing. Core Te-

city, very high water content, wn- !
covered 1n d.ii_aturbed

consolidated, highly compressible;
congists of leaves which appear to condition.

have been washed into pogition; con
g talins abundant wood fragments. -
BColer: dark brown Lo black.

|
|
\

_——_——_—D——l—

H.P. 250-450 pel
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COLUMNAR
SECTICN

DESCRIPTION OF MATERIAL DRILLING CHARACTERISTICS tecov

N rear.,  (Continued)

[l ar—

& As above. As, above.
A . 10.2" 51,051 6.
— STIT & CLAY. Soft overburden, un- Pushed rilled dry with
- conpolidated, medium to nigh plas- |NX casing. Core re-
— —~ 7_| ticity, high water content, | covered in distrubed
o containg acattered, peaty condition.
= | layers % scattered layers contain- -
— — — ing oyater shells; consists of
allte & clays of alluvial & marine
origins deposited in e drowned
valley of the 0ld Trinidad River. :
Color: mottled dark grey-blues . H.P. 25-T5 psel
& brown oxidizing rapldly to dark
groy & Tlack on exposure to alr.
136.0 — — — ]
Note: Oyster shells found from
139.0 1138,0 £t. to 139.0 ft. depths. _
. . 11
deg2. B W75 r- H.P. 5C-125 pei
i
-2z 150.0 F
151, L e e e —
3 ‘ H.P. 150-200 pai
. Taple I Sheet 5 HolaMa. _____ PDo~2 r e




DIPTH COLUMNAL
In faat SECTICN DESCRIPTION OF HATERLAL BEILLING CHARAGTERIZIino ——
0.0 WATER, GATUN LAKE |
_T76.0 c
e e Top_of Recent 1ako Deposits Such driiled ary vith |
—- =2l gTIT B CLAY. Eara overburden, high \HX casing. Cors re-
- gl plasticlty % water content, wneon-= covered in disturbed
o T..d solidated, very carbonaceousd with |conditlon.
80.0 = = =7 abundant crganic plant debris, con-12.3" 57.5%
|\ talns gecattered wood fraguents.
— — —|\ Color: dark y-brown. E.P. 125 pel
- Top of 014 1and ourface
Prior to Flooding of Gatun lake As above.
CLAY. Sofb overburden, bleb plas-
ticity & water content, wconsoll-
dated; becomes gilty with depth,
containg some goattered carbonaceou%
debris. Color: mottled medium
groys & brown.
G, {o= — = I3.0' 21.0A
o <2, |SILT & SAND. oSoft overpurden, low |
S e -+ plasticity, high water content, un-
o consolidated, congists of & resid- As above.
= ==lual, saprolitic silt & sand derived E.P., 300-450 psi
8.6 |"*2 7 7] from siltstone % sandstone bY b.3" 1005
R PIRN normal weathering processses- Colox rapi aas
NOAD \light to medium brown, Duff & Dg}ﬁ:i rapltly
.}-..\. ‘e grey .. water. Core ground
e bl e Top of Sound Roclk eaglly because of poo:
102.8 SANDSTONE, Tuffacecus. St rock, |cemsntation; recovere
moderate Jjointing, thin bedding, in poor sondition in
variably calcareous , containe & few| 0.1-0.2 £¢,lengths &
scattered fossils, carbonaceous, \as 2 , dry-block pLug-:
| gontains scattered organic plant Drilied rapldly and
' dgebrig. Color: mottled medium vo |easily with NX double
dark groy. tube and water. Core
recovered in good cor
dition in 0.1 to 1.0
£t. lengths.
I\
‘13.6' T5.¢

J—
Bottom of Hole

See Sheet 10
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COLUMNAK
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Color:
Tota:

w afpa e -’ -‘-
peme e
.oy
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pecause of reduc
\from materiales gbove.

SANDSTONE, Silty. (Continued )
mottled medium browns.
Upper 1.0 ft. 1 mottled
bright blue-gre

en & dark grey-

tion by humic aclds

. Top of Sound Rock
Taffacecus.

SANDSTONE ,
moderate jointing, thin bedding,
variably calcareous, contalns a
few, scattered fossile, somewhat
| carbonaceous, con
organic plant debris. Color:

mottled medium to dark greys.

Soft rock, | -

teina scattered

\AB shove in good con-

r.h - |

_ As above. _ /A
Drilled rapidly and
peslly with NX single
tube and water. Core
' mostly washed away &
recoversd Iin poor,
fraguentary condl-
-L‘" tion 5}"' t‘j%

dition in 0.1 to 0.7 .
_ £t. lengths- | .
Drilled rapidly and
essily with NX double
tube and water. Core
recoversd in good con-
dition in 0.1 to 0.7
ft. lengths.

]
A !
J.E.J-.(.\. #
.r‘.:.'.:;'l./r ‘
. ..‘:;.1'." !6'2| 86.1%
Bottom of Hole I
. NOTE * ‘:
n Depth
to [+5.3 - 0.0 -  81.k WATER, Gatun Lake
81.4 Top of Recent La Deposits
to |4+2.3 81k - 8k - SIIT % CLAY - Reg¢ent lLake Deposits
84 .k Top of 014 land arface Prior to Floodd
of Gatun lak$. N
to [-3.3 gy b - 90.0 CLAY
to [~6.3 g0.0 - 93.0 FEAT ;
to 8.1 93.0 - 94.8 STLT, Sandy ‘
to F10.1 gk.8 - 96.8 PEAT \ | Atlantl
to F15.3 96.8 - 102.0 - SAND, Silty Formati
to p2k.6 102.0 -~ 111.3 STLT & CLAY |
to thb.6 111.3 - 131.3 PEAT ;
to-L01.3 131.3 - 188.0 SILT & CLAY
to-115.6 188,0 - 202.3 STLT, SAND & GRAYEL — ——
202.3 Top of Weathored Rock
to~i20.0 002.3 - 206.7 SANDSTONE , ai1tylWeathered
206.7 Top of Sound Roc | Gaetun (
to -p2T7.2 206.7 = 213.9 SANDSTONE, Tuffegoous | Format]
213.9 Bottom of Hole I'l
I
‘ 5.l 131.5' of 4" casing uged in hole.
| 180.2' of BX casing used in hole. |
3.| Core Box No. From To. '
1 of Bi.k 123.0
2 of 4 123.0 151.3 .
3 of k4 151.3 182.7 |
h of 4 182.7 213.9 |
. | L.t U.P. indicutes hydraulic pressure,hor} drill head, neces
'i .I to cause core barrel to penotrate ?Oll.
] I\ 5.1 Samples indicated were tuken for geological gtudies DYy

Dr. Barghorn of Hurvard

University

AL m A

Hele Ma.

AT o b R



[ o COLUMNAR
n fost SECTION QESCAIPTION OF MATERIAL wremm
e STIT & CIAY. (Continued )
— ; -_ ) A’S b »
1808 | ——— it
e = Push drilled Aary with -
s — | BX caging. Core re-
— covered in disturbed
182.5 o _ . —lcondition.
183.0 [TWote: Oyster shells found from _
' 180.5 £t to 18%.0 ft, deptus; t
| L < \ _ E.P. 300-425 pel
1870 m e T e e = e J
— i+ | Note: Carbonaceous layer from |
188.0 k= = -=187.0 £%. o 188.0 £t. depth. {49,6° 87.5%.\
IR LIRS M Soft over-  |Push arilled ary with
g burden, moonsolidated, low plasti-|BX casing. Core ro-
W Tl city; consista of an alluvial de- covered in disturbed
';"""‘ ~ | posit in the bottom of the old cond.itlion.
) Trinided River channsl which had
been slightly woathered prior to l
gubmergence veneath the sea. i
101.2 |Color: mottled medium grey -r___ e e e o —
E.P. 450-575 pel
|
i
\ l

L

30.

Top

5T Weathered Rook

Push drilled Oy wi

| SANDSTONE, S5ilty-
to soft rock, mode
thin bedding, tine

BX casing. Core re-
_covered in disturbe
condition

Haxd averburden
rate Jointing,
-grained, weathe

M ——
=

T oheat T

Table




uatioN orety COLUMMAR
: Mo ! SECTION DESCRIPTION OF MATEIRIAL

AN — -

| A STIT & CLAY. (Continued)
-V As above " As above.

4.3 |199.0 }_ e ——— : —_—
ol - : Note: = Carbonaceous layer from
160.0 - ' _1_5_9.0 £t. to 160.0 £t..depth.
161.3 | ' ' ‘ C - ____
162.0 e —— = — T
Note: Oyster ghelles found from
163'5 P .—_——_——a—-——-.——-——:—:.——-
Note: Carbopaceous layer from
; 164.5 163.5 £t to 164.,5 ft. depths.
-78.3 |165.0 = 1022 L e T T "\ H.P., 225-375 pel
%
|
1
;
:|-83.3 |170.0 ‘
3 Note: Carbonaceous layer from
E 171.0 11’(0.0 £+, to 171.0 Tt. depths. !
1 b T
’ ii Drilied dry with NX
a , single tube. Core re=
covered in disturbed
' ' condition.

l
| |
| | E.p. 2550 el

|

- Taple L oheet G Pelwbe ____._ Too-2_ .-




OEFTH COLUMMAR
In faat SECTION DESCHIPTION OF MATERIAL DAILLING CHARACTERIITICY -
NOTE:
Elevation Depth ' '
+86.,7 to +10.7 0.0 - T6.0 WATER, GATUN LAKE
+10.7 76.0 Top of Recent Lake Deposits
4+10.7 to + 6.7 76.0 - 80.0 STIT & CLAY - Repent lake Deposits
+ 6.7 80.0 Top of 014 Land Purface Prior to
Flooding of Gapun lake
+ GaT tD - 706 8000 9""-3 CIIAY
-7.6 to -11.9 ok.3 08.6 STIT & SAND - Gatun Formation (7
-11.9 98.6 Top of Souné Rock :
-11.9 th -29.9 | - 98.6 116.6 SANDSTONE, Tuffateous
-29.9 o 116.6 Bottom of Hole ,
5.1 90.C of 4" casing used in hole.
3, | Core Box No. From 1o
1 of 1 76.0 118.6
L. | .P, indicates hydraulic pressurs,|on drill head,

PR

necepsary to cause core barrel to

benetrate soil.




COLUMNAR

in faet SECTION DESCREPTION OF MATELIAL ]
0.0 VATER, GATUN LAKE
79.0 0.0}
. —— Top of Recent Take Deposita | Push qrilled dry with
e s wer | SO Lake Deposlte & Atlentio Muck | NX caming. Material
— s S | o @oft that ¢aping
pushed thru, and push-
' od materlal aside.
l\
{
!‘
Bpetoy 1
106.3 oy ‘ 0.0" 0.0
3 106.8 PEAT, Soft overburden, 1lov plasti-
city, very high water -content, W~ push drilled &ry with
3 108.0 congolidated, highly compressible; NX casing. Core Tecov”
b4 109. , consiats of leaves which appear Lo | gyed in aisturhed con-
2t | i have beon washed into position. ‘d.ition.
641§ 110.8 color: dark brown to black. 4.5 100%
; |-2h33 l]-llo " R
M. STLT & CLAY. Soft overburden, 1o
iJi25.3 | 112.0 — | %o medium plasticity, unconsolidat= As above
' \_____ ed; consiats of an Sliuvial silt &
§ . e ClAY deposited by the old Trinidad |
o _ —|mRiver. Color: mottled medium blue- *
% —_—— areys oxidizing rapidly to provwn
i 116.0 ——-e 27| on _6Xposure to air.
oy —\ 55! 100%
6 TEAT. Soft overburden, low plastﬂr 2
city, very high water content, un-.
consolidated, high compressible; \ As above.
congiets of leaves which appear %0
have bean washed into position. _ 1
Color: dark brown to black e — — — a6
_—-————‘l_.———l"'-

It



DESCAIPTION OF MATERIAL DAUILLING CHARACTERISTICS u:::::..?f

pEFTH
In {awe

COLUMNAN
SECTION

FEAT. {Continued)

Ag above. Aa above.

H-Po 25-50 psi

SIET & CLAY : ' {push drilled dry with
--- s oon = SoPY overburden, unconsolidated, Nx caging, Core recov-
— _ “lmedium to high plasticily, high wa-lered in d4gturbed con-
—... — | ter content, contalns goattered la1tion.

oo == «oom ppaty layeve; congiste of silts & i
clays of alluvial & marine origine !
‘ deposited in a drowned valley of
1413 the old Trinidad River. Color: o — — — — — 6.2
mottled dark grey-blues & browns
oxidizing rapidly to dark grey &

116.2° 89.

143.5 : 1
144.0 o i'bla.clc on exposure 1o alr. .i H.P. 50 pal
145.0 i *
iNote: Carbonaceous layer from ‘
143.5 £5. to 145.0 ft. ,
l ‘. depths. '-
150.0 |
151.3 L__ 5,3
“Puen drill dry with
BX caaing. Core recov-
155.0 L _ lored 1n disturbed con-
i ) tdition.
& ! I
b t | :
i1 ‘ | H.P. 25 - 50 psl
i a
. ‘ i
ij-" ©161.0 ....._....__._.__...____,_.__: 5,1
- Wote: Curbonaceous layer from g

1 ' \ 161.0 ft. to_161.3 L®: depthy' |
' !
H.P. 50 psl ;

|
|
|




DEMTH COLUMMAR
n {aat SICTION GESCUIFTION OF MaATERIAL ORILLING CHARACTENISTICS By ]
coumly |
o = 3 s T 1 i |
175.0 :..._....1'_5@1&_0_;&2. __ (Continued) . *‘
— == =T Note: Carbtonacecus layer froem 175.D
176.0 7
1 -.-.'.:..'. \ 4 to 176 ft. depths. A . 1'
—_— — — | :
j Ag ubove. ; As above.
|
i . 1
1
183.0 e ’_- —_— _ _J
1%%,5 -_go'be: Carbonaceous layer from /"
184, 1N _183.0 £1, %o 183.,5 £t. depths. - — 5.6
e
a | H.p. 250 - 300 psl
i
190.0 [— — = |
—_— —
191. -l Note: Carbenaceous layer from 19C.0!
19h:3 === fo. to 1020 £6. depth {25,6" by 5%
— 7 Top of Weathered Rock i
164.0 |— == STITSTONE: Hard overburden to soft hs above. 0.9
""" — Tock, moderste Jointing with joint8:pygh drilled dry with
1ike material, thin bedding, Tine- eyed in distrubed con-
. grained, marine; becomes harder ldition.
‘with depth. Color: mottled medium
trowns and grey. H.P. 450 - 600 psi
Note: Upper 2.0 ft. are blue-groey I ,
. —due to veduction of iron by humic
: T ——. scids from materiale gbhove. i
116.1 202.9 |- — — . 5! L3,
: 203.8 [4oqs-bot- ~Tov of Sound Rock I _Asabove. __ 1. 3.7
7\ . J-M-E.&IDSTONE, Tuffaceousg. ;Drilled. rapidly and
] \.\f'( ﬁ'f *:_ Sort rock, moderate atrengbh and ‘gaglly with NX double
lointing, thin pedding, variably tube and water. Core
azlcareous, contains a few scat-  irecovered In fair con=-
tered fossils, pomewhat carbonu- ‘aition In 0.1 to 0.6
. asous, contalns gcattered organic 1ft. lengths.
L 209,3 siant debris. Coloy: moitled medium' (.0
to daxk grey ‘
t |
! ) f L
| TefN g
| ?;L};I?! .
128.5 \ 215.2 S A Ry 67. 7% 3.4
i Bottom of Hole |
l See Sheet 1M I
|
| 1
| : *
| :

Taple I Sheet 13  teirbe




g SRS

e i S

SICTION t

+ 1T

0 -1G.6

ket

‘-2“"1
-29.6
-47.8
-105.3

-116.1
-128.5

NOTE:

Depth
0.0 -
79.0
79.0 - 106.3
106.3 - 110.8
11008 - 116-0
116.0 - 1342
134,95 - 192.0
192.0

79.0

192.0 - 202.8

202.8
Sop.8 - 215.2  SANDSIONE, Tuffacebus
215.2 . Bottom of Hele \
120.1' of L" casing used in hols. 1\
183.5' of MX ceging uveed In hole. |
core Box No. From To_ ‘
10of 3 79.0 131.3
2 of 3 131.3 183.0
3.0f 3 183.0 215.2 |
|
|

E.P. indicates nydraulic pressure,|
to cause core

WATER, GATUN LAKE
Top of Recent Take! Deposits

Soft Lake Depoeile| & Atlantic Muck
TEAT \

STLT & CLAY |

PEAT |

STLT & CLAY '

Top of Weathered R ck

SILTSTONE
Top of Sound Rock

Atlantic Mu
Formatlon

\on arill head, necess
parrel to penetra.'be ?oil.

|
|
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MAINLAND .

Saft overburden § 200 5
200 — weathered rock i E
,250 ftreec. _ .
' | ' . T05°2 doo z
100}— 7 bk Ry, AT _ GATUN LAKE] : 3
S,440 11 /seC. \v : o 2
" ol : ——_.___,_,.»-"""'__ Receng Lake Deposits ¢ thick zones of soft peaf infer beaded With : ] <
0 *'*-~..._,....—-~-—-..._ *'l:l.ﬂcitcmnl"::el \,Emurgd Rock  p=—=t soft st & clay u>.l
5,400 fl./sec. . :»fr itt 4 clay with thin zones of ic materml ¢ wearhered o =
L . ’ ™ ek orqan 00 W
-0 Firm Bedrock (Gatun Formation?) _ ) _ 5150 fl./5ec. -
' |
| | | | | |
-l +50 Q+00 - K+00 20 +00 : 25«75
- ” B
TO5%4 : T3 oo &
100 —tnake Elgy B7 . ——— : >
TN b Boft overburden & weay : 0 E
0 fecent LW ek 2
e == Attantic Muck ¢ Weat ¢.240 Fi/aec. . &
-100 Soft ik 4 cloy with thin ronel of N makerier rock Firm Bedrock {Getun Formation?) -100 g
l 5,1%0 ft./sec. | | | |
2575 30+00 _ 40+00 50+00 53+00
. L0001t /see  Soft overburden GUACHA ISLAND 1500 ft./sec. — 200 I
20— —A\ weathered rock i
__.--—"/—-\"-—— =
: 3,400 L/ 3ec — it/ SRC.~l —~ 100 Z
o : — T e e =T z
7,200 tt /sec. / 7,200 It/sec. - P g
or Firm Bedrock (Gatun Formation?? Pui':-iga Firm Bedrock (Gatun Formation?) E:
fauit zone )
—-wo0 ¥
-0, I | | o
ac +o
53+Q0 &SO+00 . TO 00
GEN

¢ '
—— " interface determined by 100 00 300 400 500

_ Qeophiscal methads T T GEOPHYSICAL PROFILE

—=t===? |Interface inferred

TDS Test borinq

GFO{RECON mc G- B0
Feb. 20, 1962
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TDS3 &
100 . oo i
- Firm Bedrock (Gatun Formation?) , =
’ -ICo T P : -100 E
| : |- G
a0 +00 100 +00 . 0T +00
TERN 1SLAND
1,500 ft./secC.
o Soft overburden - 2005
. = ' | &
V00 b= / Vveathersd rock 3 40DO[t/sec. T —Hwo 5
Fassible Fault T 400 t./sec. GATUN LAKE ;
o Firm Bedrock (Gatun Formation) ~ ' I 5,920 ft./aec. -0 g ]
. wl
-lm — B . . X . ! —-!w d
| ) S L - i I |
107 +00 L[ 20e ] S : 120400 130 +00 131+00
E
t _ . _ :
200 — | BOOBY ISLAND o MAINLAND oo by LEGEND
: i —— 1250 11, /eec. i —_— "
: (250 Tijsec, _Soil overburden S ' )( i _ . m&‘ ermined by
| 100 = fr./sec. Weothered rock ' T - / w0 2
B - s =f
/ To00f/see . Mﬂ overburden 4 weathered rock o S50 Mhee g rherfoee Inferred
o or Firm Badrock (Gatun Formation ?) ) -'——--——--.___?_—-?--"?"? 1° E TORS Test boring
. : >
_ . [
100 — : o Firm Bedrock (Gatun Formation) doot
I ' S | i [
134 +00 _ O +00 : 150+00 153+00

TRINIDAD DAM SITE NO.I

0o o Ko 10 30 40 %0 GEOPHYSICAL PROFILE

GEQ{RECONm: . 6-60 o
_ Feb. 20, 196 FIG. ¢




LEGEND
o F
b—————— Seismic Liﬂ_ei____f_-__. = _ -

CANO SADDLES

GEOPHYSICAL
EXPLORATION PLAN

GE%CONM: G-GO . SEATTLE
Feb.zo,ise2 F1G.AY




SEISMIC LINE |

-
150 150 i
1o woo | &
100 |- : — : ' ' z
°r . 1,250 ft./eec.  Fill 4 oft overburden - - N R Z
50 e - 450 k&
| 570011 /sec. Firm Bedrock (ofy gegimentary rocks) L%
SEISMIC LINE 2 T SEISMIC LINE 3 ,
o Fill 4 soft overburden *0 Fill 4 soft overburden Y
100 4 350 100 ./L\/\ 440 100 =
1,250 fh /56t | [ R0 e = ' £
SOF  s,000ft./sec. Firm Bedrock 50 . 5,550 ft. /sec. 50 5
(Soft sedimentary vocks) i Firm Bedrock (Soft sedimentary rocks) b
oL o c Z
-
wt
SEISMIC LINE 4 s
CI] Fill 4 soft t':uraen {O E
—F1 SO0tT Ovey —
100 —— yd 00
50 5,400 ft./sec. < 50 g
Firm Bedrock (Soft sedimentary rocks) £ '
O . GEOPHYSICAL PROFILES
4
. &
100 o) 100 200 300 4000
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