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Denver, Colorado, February 14, 1930

Memorandum to the Chief ==
{(E. W. Lane, Research

Subject: Digest of Report of Committee on the Madden Dam (Alhajuela) Project,
January 4, 1928.

Introduction

1. The report digested herein¥ was made by a committee appointed by
Maj. F. C. Harrington in accordance with instructions issued by him. The re-
port was submitted January /4, 1928. Many details of the project were left par-—
tially developecd, to be worked out by the designing engineer when borings and
detail maps became available. For this reason several subjects in the report
are left open, the report consisting of a compilation of studies and opinions
on various phases of the project, for use in the final design of the project.

Hydraulics of the Project

2. As a result of its studies, the committee decided (1) that the
reservoir should be held to a normal operating level at elevation 240, (2)
that storage space was necessary to reduce flood peaks and recommended a max-
imum flood level of 255 to 260, the exact level to be decided by the designing
engineer when further data became available, and (3) that the final design
should provide for a discharge of not less than 50,000 second-feet at the nor-
mal elevation of 240. These decisions were based upon the following facts:

From Memo. No. 1. Spillway Capacity Must Exceed 170,00 Second-Feet.

If no storage to reduce peaks is provided, 170,000 second-feet dis-
charge must be provided for. The dry season starts from the 5th to the

15th of December. In order to enter the dry season with a maximum

¥0Only portions of report pertinent to design of dam digested.




water supply it will be necessary to have the reservoir full at this
time. Every major flood of recori occurred in November or December,

and therefore at a tlme when the reservoir would be full or nearly full.
Therefore capacity either for the discharge or the storage of these
floods must be provided. The Gatun spillway was designed for a 24-hour
flow of 137,500 second feat and the designing engineer believed the
maximum peak rate of inflow into Gatun Lake would be 174,000second feet.
In the past 16 years the discharge exceeded 100,000 second feet three
times, and once reazhed 154,000 (possibly 170,000). There is no site
available for a 170,000 second foot spillway.

From Memo No. 2. Chagres River Floods. The annual maximum floods in

the Chagres River at Alhajuela since 1905 are shown in the following tablae:

Max. Alhajuela Ht. Max. Mcmentary Max. 24-hour
Year Ft. above Sea Level Discharge (c.f.s.) Discharge (c.f.s.)
1906 119.30 101,000* 58,9003
1907 104.30 38,890 22,100
1908 101.50 26,500 16,900
1909 121.00 154,000 100,100
1910 108.70 63,400 28,400
1911 1055 510 47,400 18,450
1912 108.40 52,550 31,350
1913 103.78 34,500 17,200
1914 103.10 31,200 15,200
1915 104.32 38,450 19,0090
1916 101.55 2l,,850 8,900
1915 107.95 49,200 27,300
1918 110.00 61,000 30,100
1919 101.30 24,200 8,10C
1920 103.20 28,950 13,000
1921 102.10 24,750 16,850

1622 104.80 33,050 21,750



Annual Maximum Floods (Continued)

Max. Alhajuela Ht. Max. Momentary Max. 24-hour
Ysar Ft. above Sea Level Discharge (c.f.s.) Discharge (c.f.s.)
1923 117.42 12e,300 73,400
1924 102.95 32,800 L7 0[0)
1925 128).15 21,L53 12,037
1926 101.26 25,345 11,910
Average 106.35 1,8 ,600 27,000

#0n account of this flood destroying the stations and no actual
gagings being taken, it is believed (in view of 1909 and 1923
measurements) “he 1906 estimates wers much too low.

It shows peak rates of from 21,45C to 154,000 second feet averaging
48,600 second feet and maximum 24 hour discharges of 8,100 to 100,100
second feet, averaging 27,200 second feet.. The ratio of the 24-hour
rate to the peak rate is therefore 55%. In freshets which rise and
fall rapidly, such as usually occurs at the beginning of the rainy
season, the ratio is nearer 307, but for large floods it is nearer
65%, giving a ratio of peak floods to 24~hour floods of 1.53. The 197
floods which occurrad between November, 17906, and July, 1927, give
ratios of 27 to 86%, with an average of 50%, as compared with 55% as
obtained from the annual maximum fioods.

The Fuller formula (maximum 24-hour discharge = average annual
maximum 24-hour discharge x (1+0.8 log T), where T is the average inter-
val between floods of that sizae) cannot be applied directly to the
Chagres River. From the data on this river, a formula of the same

form would be: Max. 24~hour = ave. annual max. 24-hour (1+41.83 log T).



Applying this formula, assuming the ratio of peak to 24-hour flow at
1.53, as deternined above, gives the following as the probability of
floods at Alhajuela:

Maximum Discharge of Flood

Time to be Expected. c.f.s.
Momentary 2L-hour

1 year 41,300 27,000

5 years 94,200 61,600
10 years 117,000 76,500
25 years 1.7,200 96,200
50 years 170,000 111,100
100 years 192,800 126,000
400 years 240,000 156,000

The one and five-year floods of this table seem too high, but the
50 and 100-year frequencies are not unreasonable.

A study of the records of the 48 years beginning 1879 indi-
cates alternate periods of high and low floods, beginning with 12 years
of high floods, then 15 years of low floods, followed by 5 years of
high, then 12 years of low and ending with 4 years (or more) of high
floods.

From Memo No. 3. HRetention Volume Necessary. The purposes of the

Mzdden Dam (Alhajuela) project in order of importance are:
(a) Increased water storage for dry season lockages, and
incidental power production a3t Gatun, if practicable.
(b) Flood control to obviate the necessity of excessive use of
Gatun spillway to regulate the height of Gatun Lake.
(c¢) Power production at Alhajuela.
(d) Prevention of excessive currents in the canal channel at

Gamboa. (This is of minor importance).



It is believed a proper retention space will solve both the flood
control problem (b) and excessive currents (d). It is proposed to
build the dam to hold water to elevation 260, with elevation 240 as
the ordinary high water storage level and 50,000 second~feet (at el-
evation 240) capacity sluiceways (including power plant discharge).
That additional spillway capacity be provided (presumably at a saddle
or saddles) for a super flood.

The storage in the reservoir is sufficient to hold 126,000
second-feet for 24 hours (the 100-year flood) without outflow between
elevations 240 and 260. If a 50,000 second-foot outflow is allowed,
the ordinary high storage level could be 247.6 instead of 240. The
floods of the Chagres usually last over 24 hours. Using the 1909
flood, greatest observed flood, (peak flow 154,000 second-feet, max-
imum 24-hour flow 100,100 second-feet) assuming the reservoir at el-
evation 240 at the beginning of the flood, and a 50,000 second-foot
discharge beginning at the start of the flood, the maximum level in
the reservoir would be 248.6. The assumptions are impractical, as
it will not be known until several hours after the flood starts that
it is a great flood, and therefore the 50,000 second-foot discharge
cannot begin at the start of the flood, since the gates would not
be opened then. Moreover, in the case of a maximum flood, the ca-
pacity of the Gatun gates may be required to discharge the runoff

below Alhajuela, and it may be necessary to store the entire flood



‘runoff above Alhajuela for 24 hours before the 50,000 second-foot
discharge into the Gatun Lake would be safe. With these assumptions,
the 1909 flood would have reached elevation 256.55. A later study
gshows that the 1909 flood would reach 249.5 with 50,000 second-feet
fluices, and if all gates were kept closed, would reach elevation
260 about midnight of the second day (41 hours after start of flood).
There is always a possibility of another flood before the reservoir
is empty, or that some time later elevation 245 may be taken as the
ordinary storage level. It is therefore desirable to provide addi-
tional discharge facilities, which can probably be done at the sad-
dles (elevations 219 to 25 ) by means of overflow spillways, flash-
boards, Tainter gates c¢r sinhon spillways. The United States has

no lands above elevation 260 and no topography has been taken of
higher lands. With a high storage level at elevation 240, the sup-
ply would be sufficient for the canal for 48 lockages per day, the
capacity of the present locks. The results obtained in the cmnal
operation for various numbers of lockages in wet and dry years are

shown on the following table:



Use of Water for Various Number of Lockages

¢ Without Alhajuela : With Alhajuela
Resarvolr [ Reservoir

; Dry Year : Wet Year : Dry Year : Wet Year
20 lockages per day in 1930
Gatun Lake elevation, close of
dry season

80 % 80 4 B2.4 1 80

[P ST

Power load carried :1/2 Gatun :All at 1411 at ALl at
11/2 Mira~- :Gatun :Gatun :Gatun
i flores 1 § t
Wasted at Getun spillway i g t i
(1,000,000,900 cubic feat) :{ none 27.4 : none 3.6
Storage in Alhajuela at close ¢ 3 : r
of dry season i I ] £
(1,000,000,000 cubic feet) f  — 1 === § none : i S
; ' I | (23.8)
32 lockages per day in 1241-42 : : 3 :
Gatun Lake elasvation, close of : : :
dry season £ 80 : 80 : A8,5 : C 84.5
: 1 1 R &80 : D 80
Power load carried tAll at tAll at :A Alhajue-: C Gatun with
:Miraflores:Gatyin i la or ! Alh.&Mira-
f 1 tMiraflores: flores in
§ ! :B All at dry season
t t : Gatun ¢ D Half at
1 i 1 i Gatun
Wasted at Gatun spillway, B.C.F& none : 9.7 :A&B
1 t I none : C 6.4
{ i { ¢ D None
Storage in Alhajuela at close t : 1
of dry season, B. C. F. | - 1 ey AV i C&D
' : ! none : Pull (23.8)
48 lockages per day in 1955-56 : : : :
Gatun Lake elevalion, close of :No data given i e 80 [ 81
dry season :Probably impossible ; f &1 1
: : : :
Power load carried : i :1el/5Gatun :All at Alh.
3 : :4/5A1lh.Mir: and Mir.
i +f All at @
i 1 tAlh.&Mir. :
i £ i I
Wasted at Gatun spillway,B.C.F.: i ' none ¢ none
Storage in Alhajuela at close ; i s P

of dry season ! 1 i none i none




From Memo. No. 4. Normal Annual Cycle for Ccntrolling Madden Lake.

A study was made of the operation of the canal with the Madden dam
built for 1914 to September, 1927, inc., assuming 48 lockages per day
(using water-saving methods in dry periods), with 1530 second-feet
capacity of Alhajuela power plant, taking out at elevation 183. The
assumptions are a bit fictitious in (a) that the lockages would not
be 48 ver day as soon as the dam is built, and (b) it is based on a
knowledge of discharge which would not be availabls to the oper-
ator at the time decisions on methods of operation were necessary.

The dry season starts with Madden Lake at 240 and Gatun at 87,
most of the vower being develoned at Madden dam. There is a minimum
of 1500 second-feet available at Madden dam, but in very dry y=ars
it is necessary to draw more than 1500 second fest to maintain the
Gatun Lake level. In no case was it necessary to draw Madden Lake
below elevation 180 or Gatun below 8l1.5. The wet season power load
can be carried either at Gatun or Alhajuela but in very dry seasons the
Miraflores plant has to carry part of the load.

The water demand for lockages assumes 3900 second-feet in wet
season and 3420 second-feet during dry periods, the latter figure
being less due to the use of water-saving methods. These methods will
only be necessary in very dry periods. The 4E lockages is based on full
use of water, the restricted use decreases somewhat the number of

lockages posuible.
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The Miraflores power plant will be required to carry peak
loads and for emergencies. At rare intervals it will be necessary for
it to carry the entire load from June to September. The maximum rate
available in dry periods from Madden Lake is 1500 second-feet but
eventually the demand for power will exceed this. In wet seasons the
load can be carried either at Gatun or Madden, giving great flexibility.

The construction of the Madden dam will increase the wastage
at Gatun, since power will be generated there which will replace power
from Gatun and thus the water which would generate this power at Gatun
must be wasted. However, as the use of the canal increases, the waste
will decrease, but with maximum traffic in wet years it may discharge
continuously eight months, in dry years one or two months. In most
years there will be scme waste at Alhajuela, but only at rare inter-
vals will it reach 50,000 second-feet. The (hagres River above the
dam furnishes 40% of the runoff at Gatun and 60%f in dry seasons.

Memo. No. 5. Possible Seepages through Rims of Madden Lake.

There are known to be caves and crevices along the Puente, Azota, Ca-
ballo and Marcelito. A fairly complete set of tests have been made

to determine the possibility of leakages. The only thing which could
have been overlooked are additional caverns in the Rio Puente, but this
river watershed lies almost entirely in Alhajuela Lake. The Queb.
Marcelito is a disappearing stream; its outlet ie unknown; it may drain
into the Azota Caballo or the Chagres, but in either event it will be
in Madden Lake. The only point of danger is at the headwaters of the
Azota Caballo, which is near the watershed of the Rio Chillibrillo,

and the saddles in the ridge near the damsite. In either case the
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leakage would go to Gatun Lake. A study ef the bank of the Azota
Caballo up to tha Chillibrillc Divide failed to show seamas, holss or
disappearing streams. A study of the watershed between saddles 5 and
6 failed to show holes or disappearing streams. The committee was not
permitted to do exploratory work, but suggested careful study when the
sites of the saddle dams are uncovered.

Memo 6, 6A and 6B. Power Installation. The power house should be

a part of the west end of the main dam, on account of more freedom from
trash and flood interference with tailwater levels. The power

house would be 110'x43'# with floor probably at elsvation 125

#100' long with three units 25'cc. 30' wide from downstream face of
dam at elevation 115.

(but possibly as high as elevation 135 using longer turbine shaft and
intermediate steady bearings). There would be three vertical single
runner units 30'cc (the runner at elevation 115 or not too high for
tailwater at elevation 95), with concrete draft tubes, and penstocks
not over 9' in diameter, probably steel lined to provide housing for
penstock valves and connection to turbines. The maximum pensteck
pressure at elevation 115, with a 2-secord governor stroke and the lake
at elevation 260, would be 72 pounds per square inch. Awxiliary ap-
varatus, switch gear, and step-up transformers hcused at elevations
above 115, the transformers possibly outside. The pénstock entrances
can be any elevation not exceeding 165. In deciding the elevation,

consideration should be ‘given to (1) freedom fram drift. A Stoney
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gate about 12,500 second-foot capacity, with sill at elevation 130 and
top at elevation 150, was suggested to pass drift, (2) freedom from
clogging with silt deposit, (3) facilities for cleaning racks and

bulkheading the entrances.

The water allowed for power development is assumed at 1500 second-
feet at no particular head. The lake level will vary from elevation 240
to elevation 180, which, with tailwater at elevation 95 gives heads
from 145 to 85. The turbines should develop their best full load ef-
ficiency at 110 feet, and will be subjected to 30% greater and 23%

less head. The turbine discharges will be as follows:

1 Lake at : Lake at Lake at
1 El. 240 g El. 205 : El. 180
¢ Head 145 ft.: ilead 110 f+: Head 85 ft.
t : t
Normal load 0.35 gate £ 1,710 | 1,500 ¥ 1L 3L
1 : :
Max. load 1.00 gate : 2,020 =z 1,765 @ 1,550
y g !
Power a% full gate 80% efficiency 17,000kw. ¢ 9, 000kw.
(Not including 5% transmission 1
loss) : 3
1

To average 1500 second-feet discharge, the discharge rates will be sev-
eral hundred second-feet above these figures. With operation at part
gate on higher heads and full gate on low heads, efficiencies within
6-7% of the maximum will be maintained. The power at elevation 180 is
Just sufficient for present (September, 1927) normal loads. Diesel
engine power will be required on peaks when the lake falls below eleva-
tion 210, unless the Gatun plant is operating. Since the dam construc-

tion will involve construction of the penstocks and draft tubes, it



will be advisable to build the power house at the same time as the dam.

The construction power demand will be approximately 2,000 kw.
The construction of the permanent transmission line to the site for
use during construction is recommended. It is suggested that the plant
generate at 6600 volts, with three 6600-44,000-volt, 7500-kva. trans-
formers at $25,000 each. Since the construction load-is only 2000
kw., it 1s suggested that the construction power be obtained by using
a 2300-44 ,000~-volt, 2667-kva. transformer borrowed from and returnable
to the Miraflores substation. The only other equipment required would
be oil circuit breaker and lightning arrester, costing $5,000. At
damsite temporary 2200-volt overhead construction will be required,
with distribution transformers for low-voltage equipment.

In order to build the necessary portions of the power house at
the same time as the dam, it is necessary to work out the power plant
plan. The plan given is on the unit principle, each unit consisting
of a 7500-kva. at 0.80 power factor, 6600-volt generator, direct con-
nected axciter, and &,000-horsepower vertical reaction turbine, with
7500-kva. 4O° C. rise transformers situated outside. Synchronizing
and transfer facilities obtained with a single 6600-volt bus and a
single 44 ,000-volt bus. Duplicate transformer capacity for local

ight and power is provided, also a storage battery for emergency con-
trol purposes. The switchboard panels and controlling devices to be

situated on the generator floor, for one-man operation.



The cost estimate is as follows:

3 - 800@-hp.turbines at $75,000 - $ 225,000
3 - 7500-kva. generators & exciters at 975,000 - 225,000
3 - 7500-kva. transformers at $26,660 - 80,000
3 - 300-amp., 44,000-volt circuit breakers)
) at $2,500 12,500
2 ~ 400-amp., " L n u )
1l - 50-ton overhead crane - 20,000
Miscellaneous eqguipment - 22,500
Building and structures - 5C0,000
Total . + « « « « $1,086,000

Memo., No. 7. Devices for Regulating Alhaluela Lake. In order to con-

form to the requirements of flood level elevation 255-260, normal oper-
ating level 2403, and discharge capacity of 50,000 second-feet at eleva-
tion 2407, four classes of waler passages at the -dam will be reguired:
(1) penstock for power, (2) sluicing gates for ramoving deposit and
draining lake, (3) regulating culverts for supplying water to the canal,
(4) flood wasteways, and possibly gate to pass drift.

The penstock discharge should not be included irn the 53,000
second-feet, but might be valuable if any of the gates stuck. For sluice-
ways for gravel and lake drainage, 4 - 6-foot diameter culverts at river
bed level (center at elevation 93) with 4'x6' conventional gate valves
are suggested, which would discharge 7,700 second-feet with lake eleva-

tion 240. For regulating culverts to supply water for the canal, there
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are sugpested 2 - 6' culverts high enough to be ciear of gravel and
drift (elevation 150). These would discharge 3,280 second—feet with
lake at elevation Z40. For flood wasteways, two sluice gates 50' high,
37 feet wide, with bottom at 210 (similar tc those at Guernsey dam).
These would discharge 39,220 second-feet with lake at elevation 240,
making, with the sluice and reguiating gates combined discharges as
follows:
At lake elevation 240, - 50,160 second-feet

250, - 72,980 i

260, - 96,926 ¢ u

The two regulating valves will discharge 1900 second-feet
with the lake at elevation 180, and the four sluicing gates will dis-
sharge 1900 second-feet at elevation 132, thus practicaily all water in
the iake can be drawn out as fast as the canal requires.

The lake can be drained from elevation 18C in ) days with an in-
flow of 1,300 second-fest, and 13 days with an inflew of 2,000 second-
feet, using the sluice and regulating gates. The average dry season
inflow is 1,248 second-feet; in a very dry season it averaged 300 sec-
ond-feet for 1-1/2 meaths, and in a very wet season it averaged 2,000
second-feet for a month. Draining should be done at tne end ui Lhe
dry season, and will require heavier spililing than ordinary into Gatun
Lasve.

It does not appear prectical to recommend location for surface
spillways. If constructed on top of the dam, an expensive apron will

be required, and if at a saddle, the apron would probably be less
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axnensive. Both wind and current would tend to carry drift to saddle
No. 3, which apnears most promising to discharge drift. If discharge
from saddle reaches the river too abruplly it may create a dam of de-
bris which would cause vackwater at Lhe powsor viant. A& wide, flat
aoproach to the river would dissipate tLhe snergy, and would be possi-
ble from saddles 3 and 4 but not 8.

Each valve should have bulkhead guides on the upstream face
of the wall. The regulating gates should have a fine trash rack and the
sluicing gates coarse ones to keep out logs. An operating tunnel should
run over all valves to permit removal of the parts. Either hydraulic
or electric operation should be provided.

Memo. No. 8. Program for Construction Period. The cofferdems are de-

signed for a {lood of 50,000 second-feet. It is proposed to build itwo
20'x20' sluicaways tiirough the dam to handle the water during construc-
tion. If sufficient gravel can be obtained adjacent to the daw fLo con~
struct these siuiceways a cofferdam (Fig. 1) GHIJ will be constructed
around the site of the sluiceways. If gravel must be obtained from the
river bed above tle dam, cofferdsm ACB must be constructed (to form a
pool abiove the dam for the gravel dredges) with channel #I.N and tempo-
rary sluice gates tc control the nool level. wnen tne siuiceways and
dam within cof ferdam GHi1J are cewpleted, Lhe ends ol the cofferdam GilIJ
can be removed, the channel LN closed and the cofferdam ir puilt. This
will divert the river flow ihrougn the siuiceways and aliow the river
bed to be laid dry for the construction of the dam. It will probably

be desiratle to keep the sluiceways open nearly tc the completion of



the dam, at least until the other sluiceways through the Jdan are cem-
vleted. This will permit the use of the area abovae “ne dwa for con-
at.ruct.lon ournoses. The cofferdums will sroballyv be Flowled cut sev—
eral timas, even with the 23'x2G' sluiceways opsn. If gravel from the
uopar Chagres River is usaa, there wcull be some advanlage in meving
the concrete nlant along n=ar to the point where the concrete is placed,
but the frequent flooding would probably make it more desirabhle to lo-
cate it at an elevaticn free from floods.

The quantitias of conerate in the dam are as fcllows:

Total to Upper

Elevation

El. 62.C to 1. 110.5 = 92,300 cu. yds. 92,300
L5 W W 159.0 - 94,000 186,300
159.0 " n  207.5 - 62,400 248,700
207.5 " m  256.0 - 30,300 279,000

Memo. No. 11. Additional Investigations Heeded. Field investigations

are needed for:
(1) Sanitation of area adjacent to damsite.
(2) Construction camp.
(3) Construction camp vs. quasaring men in towns and transporting them
to dam in trucks.
(4) Water purification plant.
(5) Storage of cement in large sheds at damsite vs. storage in box cars

at Summit and hauling.
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(19)
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Deterrine whather prosent. shiop and ndll faciiities can hendle bulk
af this work reguiiad,

Carerul study of tyves of equiuvrert to te used.

Fracticabhility of tLhree eipht-hour shifts.

Force acceint vs, contract.

Survey cf darsite with adjacent sreas, also saddles.

Cross sections up and down-stream from dam and saddles.

Determin: gecdotic ceontinailes.

Photogravhs taken at known Jocations, beth from ground and air with
other voints of known locatien showing.

survey of channel helow sadeles 1, 2, 3, 4, and 8.

Det=rmine how mich of lake area should be cleared c¢f trees, and
whether ‘the area can te hurned.

Further consilerai ien of seepage at liead of Azcta-Caballo River.
Core borings on damsjte and saldias.

Berings on center line of dam 100! gpart.

Borings 100 and 200 [eet above amnd Lslow cente:rr llne 200! avart.

Borings on cert :r line of saddle dams 197 to 200' apart.

Borings 102 fest gbove and below axia of saddle dams 220-300! zpart.

Wash borings may sugplamenl cors driliiugs if lesiravle.

Cores sheuidl oe vlassilircdypsologicully end tasted for crushing
strangth.

Forosity of rock fonsalion snoulil be determined.



(20) Bearing orassiwrs Lesks shoull be meis on fouwrdat lon.

(21.) Lorate, esilmale yarlage anl Last all gravel bLieds uvailable for
agrrasale.

(22) Locate and test watecial saltaole Tor cchlle rock for use in con-

ceabe of da

(23) Ton:te and tosh maberial ia quarries available fcr furnishing road

mat.a) for roads Lo saddles.

Miscellarieous Information from Minutes of

Commitiee Meetings Not Given in

Memoranda Submitted.

Meeting oI October 27, i927.

Gravel for Concret.e.

There was estimated to be 200,000 cubic yards of gravel
in the vicinity. That there was plenty along the river up to Vigia.
iistimates were based upon gravel above water level, although much
was believed to lie below that level. It was believed that it could
be brought down in barges. No suitable rock was known adjacent to

the river.





