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J. BaRrRyY COOKE
OB ULTING ENarMEER
28§ LallREL GROVIE AVERNLE
i REMNTFIELE, EALIFORARLA BABI4

TELEERorr (el A4S a0
CADLE COFDML, KENTF ki, Saklr, PA.'I.IQUE-L 19 ) 1967

Mr. John K. Bryvan, Chief Engineer
Unlon Electric Company
1801 Gratiot Street

8t, Lowle, Missouri 53166 REOCFATD
TAUM SAUK UPPER RESERVOIR MG 2 8 1927
REPORT ON SAFETY _ 10fn f brishAl

Denar Mr, Bryan;

I have reviewed the performance data furmnished with
Ray Weldy's letter of June 26, 1967, inspected the dam with Frank
Drake, Paul Pickel and Ray Weldy on August 15th and engaged in
discussions with Union Electric engineers on August 16, 1967. The

) purpsse of my review was o evaluate the safety of the dam and make
recommendations for any work that [ considered necossary to improve
safety.

Conzlusion

) Baged on my knowledge of design and construction,
review of parformance data, and site inspection, I see no featurs
wherse work i3 reguired Do improve safety. The dam and foundation
could safely withstand much greater leakage than has occurred to date,
and could withstand more leakage than could be vizsualized to conoeivably
CRoOUr

Crest Bettlement (Vertical}

The crest settlement after 1 yr — 8 months, Six months
after the first complete filling,; the settlement was higher than normal
but quite acceptable, the mnge of readings being 0.3 to 0.6 feet. In
the next 1 yr. — 6 mo. the rate of settlement decreased. However,
in the last two B8 month intervals of readings the settlement has been
more than in the preceding &8 months. It has been 0.06 vo 0.08 [t. In
each B month period, a mte of nearly 0,10 ft/year,

IMG031306

67



Mr. John K. Bryan -2 = August 19, 15967

The 0,10 ft/vear rate for a 100 fr high dumped rockfill
after 4.5 vears of service s high, and unexpected, It would cause joint
and face trouble as well as freeboard impairment In several to 10 years,

There 15 nothing that can be done except to contipue to cbserve the rata
of movement and hope it decreasas.

The vertical crast settlement in 4.5 years [Mowv. "62 -
June '67) has baen about 0.5 ft [0.53% helght) for 04 ft helght at axis,
and 0,8 fr {0.73% height for 110 ft height., Maximum has been 0.98 ft
for 141 ft bt. (0.70% height). These movements Iin the £, 5 year period
are high. The slab and parapet has satisfactordly accepted them.

The settlopment on the whole parimeter {8 similar and
reasonably related to height. It doss not shew any pattern with respect
to curvature of the axis of the dam. It therefore appears that the continuing
high rate of settlement is a characteristic of this particular rockfill or a
consequence of the repsated reapplication of load on a dumped rockfill.

The Taum Sauk rhyolite porphyry is an excellent high
compressive strength rock that should have stabilized in its settlament,
However, the formation contained frequent zones of soft weatherad mock,
all of which could not have besn selectively wasted. The freguent
cycling of tha watar load should not cause continued adjustment of
competent rock but would affect the poor rock. Actually, thers i3 no
other experience with such freguent eveling of laad on 2 dumped rockfill,
and whether a2 dumped rockiill of 21l sound rock would have stabllizaed
by this time i= not known, I believe a £i11 of 100% competent rock would

hove stabilized and that the percentage of weathered rock in the Taum
Bauk is the cause,

Crest Elongatiop

The cr=st lengthans when the center af curvatues of the
axls is in the resgervoir. It has been computed that between paneis $#40
and £67 (1260 ft) the lengthening has been 15 inches, which is 1 in 1000.
This stretch or loosening of the fill is associated with slightly higher
gattlement and could be wigualized to cause continued settlement. The
mevement ©0 date has oponed 30me joints to their limit, which is a problem,
but I don't see this feature as a cause of continuing settlement.

This tenslon or stretch of rockfill occurs In dams that have
a bend in the axis (@ bend that glves a central angle in the reservoir of less
than 180%), and it occurs in the rockfill on steep dam abutments, RellsE
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Mr. Tokn K. Bryvan -3 = August 19, 1957

Dam (California) and La Jole Dam (British Columbia) both are concrete
face dams with "adverse" angles in the axis, They have opened cracks
at the junctions, which cracks essantailly stopped moving after several
years. ‘On high rockfill dama there (8 a streteh in line with the axds In
the one-fourth of crest length near each abutment, and 2 compression or
Shortening in the central portion of the dam, The Iengthening has been
medsured at 1 in 300 to 1 in 500 at Mud Moantein, Akosombo and other
300 ft high rockfill dame, The stretch is accompanied by a higher
settlement but the settlement does essentially stop.

Pampef Wall

The storage of 8 [t of wator on the 10 ft parapet wall is
more than has been experdenced befoce, Measursments and vizsus]
ocbservations indicate the 6300 £t long wall to be performing very well,
and the relative movements to be small.

Panel joint spacing. Joints were Initially constructed to
1 inch open, Most have opened, dus to the curvaturs of the axis,
The amount of opening has been nominal 1/4 to 1/2 Inch except for about
10 of the 111 joints which have opened more than 1 inch. Only several
hawve approached 2 inches and required an loner seal to be installed.
Closing of joints has been small and has given no problem in leakage
or repair work. The opening of joints in itsalf would accept 1 inches or
more, but combined with a small vertical offset wrinkles occur that cause
tears and conseguent leakage before joint is fully openad. PFuture joint
opaning combined with vertical offsets, it appears, will require further
repalrs,

Horizontal Panel Misalignment at Joigt, On March 10, 1966,

offsets were on the order of 1/4 inch with several near Fanel §f88 at 1 to 1.5
inches. In the 6 month period to September 20, 1966, the movements wara
generally 1/8 to 1/4 inch with nearly half being in a direction to decrease
the offset. This is favorable. There i3 no indication of trouble developing ]
im these small and in many cases restoring movements .,

Vartical Deflactions of Farapet Wall, These measurements
give the amount the walls are cut of plumb, The measwements show the
walla to be remaining remarkably plumb, Changes Sopt. '63 - Sept "66
indicate about half tiltlng outward and more than half tilting inward, the
amounts out of plumb being usually 1/8 to 1/4 inch, with few being as
muzh as 172 inch.
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Mr. John E. Bryan -4 = August 19, 1987

Sracks, All of the &0 ft long parapet panale ssem to have
settled more at the center than at the edges, This i5 evidenced by
vaertical cracks at about 10 ft spacing that start at the bottom and stop
about 5 to & ft up on the 10 ft wall. In two slabz spalling has occcurred
near the top and center, indicating high compressive stress. It is
passible that the shear at the base of the 10 ft wall has caused slight
movement and the leakage in the Panel 10 to 25 area; in combination with a
poor cold joint, Otherwise, this "phenomena® has caused no trouble, It
iz probable that the redistributicon of water load on the rack by the stiffness
of the wall & its base will keep relative settlement compatible with the
strezses in the pampet wall ard bage =lah, 1 don't know why this stress
and differential settlement cccurs, but thers must be a reason since it
is so consistent among all panels.

Crest Road - Berm Sloughing

Eloughing of the berm of the crest read has occurred in
the Panel 43 to 63 area, the deepest sloughs being in areas of Panels
50-51-52. At Panels 50-52 the sloughs removed as much azs & ft of the
12 ft road, and they caused a surface slide that plled up some rock at the
toe of the rockfill, This is a surface stability problem only and has
now taken care of itself. It eould enly have happensd due to excessive
fines in the top of the dumpaed £ill and in the four 4 ft lifts abowe tha top
of the dumped rockfill,

The Fanel 43 to 63 area was the last zone of the dam that
was completed and excessive fines were known to have been fncluded in
the rockfill, Excawation for the band dry rock masonry; in restoring the
berm, was in fine material, The top of the dumped roelefill, 16 £
below the crest would be impervious, Leakage above that level and
rainfall could saturate the upper zone of the dumped rockfill as well as
some of the 4 ft layered rock with excessive fines, Local sloughing would
he possible under these conditions. The local nature of what ocourred
compared to the 60 ft width of slak and the dimensiona of the rockfill
make it impossible 1o imagine any hazard to the crest of the dam, other
than malntenance for roadway width.

Leakage

The reservodr leakage is now 8 cfs, which iz substantially
lowar than tha high leakages associated with problems in the initlal
operating pardod, The downStream toe of the dam and the foundation in

that area ware inspectad. The leakage channels have never caused ennsion
of consequence and the saturétion has not causcd slides or anw indication
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Mr. John K. Bryan =5 = Bugust 19, 1367

of potential slidea. From the known conditions of the foundation and the
dam, and from the inspection, there is no stability problem due to the
leakage. The base of the rockfill iz of large sound rock, as segregated
during the process of dumping from the high lift, and could safely take
hundreds of cfs leakage.

Propoged Detober 1967 Shutdown

The reservolr will be unwatered for work on the spherical
valve, The shutdown will be for about 3 weeks, Any work on the dikes
and reservoir [loor during that time would be ag determined to be economical
in reducing present or future leakage, No work Is neceasary to improve
gafety beyond the present adequately aafe conditions,

| . Sinceraly yours,

£

§ E

JBC:dm Barry Cooke
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Urion ELECTRIC Com ey
1O OPMATIOT STREET
SanT Lowis, Missour: B3 &8

BALAILIME ADEFE S

g P @0w 143
o st g. L9s8 Barnt s, sddouie glias

Hr. J. Barry Coaole
Consulting Enginser

253 Taurel Grove Avenue
Bentficld, Californim 94904

Dear Barry,

TATM SAUK PFROJECT UPFER RESERVOIR
F.P.C. SAVETY REPORT

Br. Vencil] and I have talked about your letter of July 26, and
we have decided that we should maincain rhat the contrels and alarms are
teliable 2od ne gpillway or overpour provisions are necded. Thart is the
position we have maintained from the beginning. If the FP.P.C. should
reverae theilr prasent Taum Savk stand, in view of apillway requirements
for receot prejects, then we could ask you for an additional study and
recommendation. In this you could bring cut your recemmendatfons thae you
have made for the safety of the parapet from overpour and the gafety of
the reckiill from erosion,

The plant is woattended and e operated avtomatically frem our
Ogage Plant (103 miles distant) ovex microwave chanuels. Maintenance men
are on duty from 8:00 AM. to 5:30 P.H. five dayas & week and one or two
men kaep the visiters' center cloaned up on Saturdoy and Sunday, A
Pinkerton guard fa on duty from §:30 A.M. teo 6:30 P.M. every day of the
year. He makes numerous trips to the reservoir area and would notice amy
oerpour if it extended beyond 6:30 A.M. The normal procedure is ro pump
back with only one pump, and shutdown varies from 3:00 AM. to 5:00 A.M.
On the few occasions when two pumps are used, shutdown is seldom befoze
6:30 ALM.

The nermal procedure is to rely om the dutomatic controls with
amy backup that Ig provided, If these fail, then an "urgent alarm" is
trangmitted to the Osage Plant and & maintenance man 15 called out. It
takea him 30 minutes to an hour to ceach the plant depending oo tha
distance he has to travel,

The pump shutdown conirols cperate as follows. The surface
detector (headuater gapge) is accuated by a displacer that follows the
water's evrface in an inclined pipe. The instrument (mads by Leupald &
Stevens) bas three built-in shutdown switches that operate at elevation
1535, 15%6 and 1597, The first switch operates to shutdown the first pump
{when two are sperating) at elevation 1595, The second operates to shut-
doun the secomd pump {or either pump if only one fs operating) at elevation

Live Bestor . . . T us . Eleaviaily

IMG031325

72



Mr. J. Barry Cooke -2 - August 9, 1966

1596, Shutdown takes about six sinutes and the reservoir riges an
additional 0.15 foot after the switches operate. The third switch operates
at elevation 1597, This is & backup switeh that shuts down either or

bath units If the firat two switches fail to operate properly. Complete
shutdown occurs in about 2.5 minutes after this switch operatea.

In case of power failure to the surface detector an "urgent
alarm” signal is received at Dsage and there is a eall et ko determine
the trouble. There is a separate set of float eswitches which operate in
case the surface detector fails from any cause. These backup switches are
in a sepacate [loat wechaniswm which 1s mounted over a stilling well on
the inside of the parapet wall, These switches are all set to operate at
lewels 0.1 foot sbove the normal shutdewn awitehes. If the first or seccond
switch should operate {(elevatfon 1555.1 and 1556.1) a target shows up on
the ammunciator panel and the Erouble ic corrected during the mormal day
shifr. If the first two bachup switehes should fail te operate, the third
switeh will operate at elevation 1597.1 and will erip the circwlt breakers
and ghut the wunit or units down fomediately. A lockout will ocecur and
the units cannot be stacbted &5 a pump Or geénerdtor until 4 maintenance Dan
corrects the trouble.

All six of the switches are wired for fall-safe operation. They
are oormally closed and operate at 125 volts D.C. If any ecircuit from the
plant te the reservoir opens vp dus to any cause including lightaning blowing
i fuse, the unlt or tmirs automatically shut deown. If the units are not
operating, the sutomatic controle prevent starting as a pump or generator.

Another safety festure is that anwrpgent alarm' is received at
Dzage when the total volume of water falls below about 4,300 acre feet.
The volume controller would get this indication if there was a mechanical
failure that would keep the surface detector from following the water
level upward. However, there would be no "urgent alaem" signal in the tep
11 or 12 feet because we operate with 4800 A¥ in the system under the
aseumption the laszt 10 feet of water will not be drawn out of the upper
reservoly.

There iz also a provieion Lor automatic shutdewn of each wnik
in case of low raflwater ['I.mt'rrlniwu:it} level, & float switch connected
to the draft tube of Unic No. 2 will shut it down when the pumping lewvel
in the draft tube reachee 726. A gimilar ewiteh will shut down Unit MHo. 1
at elevation 725, The velocity head at the throat of the draft toube is
7BE Feet with a pumping rate of 2 000 c.f.58. with full upper reservoir,
and the frictiom loss may be as much as one foot, This makes a tocal
hoad loss of about 9 feet which means that Ho. 2 and Fo. 1 pumps would not
pump wuch below & Lower reservoir elevation of 735 and 734respectively
before automatic shutdewn would secur. The exact elevation has never been
determined, The float switch for Wo. 2 Unit was set to operate at a draft
tube water level when cavitatlion just began to cccur ag indicated by a
lowd popplng sound., NWo, 1 Unit was set to operate one foot lower. During
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Mr. J. Barry GCooke = 3 = Avgast 9, 1968

the carly days of operation, before the binwall dam was constructed acroas
the East Fork of the Black River, 8 Flood washed gravel into the exca-
vated channel and partially restricted 46 so there was consddevehle drawdewn
when pumping at low paal leovel. The float switches wers installed then

Lo prevent pumping at low lewels where cavitation occurs.

There ia an indiesting wupper reservoir level seter in both the
Lead Dispatcher's Offfce In Sc. Lowis and the control room at Osage. Men
at both of these places watch these wmeters but do not record lewvels each
hour., Also they have a goneral feel of how long the pump or pumps should
run, and it is incomceiyable that either of them could let che pumps run
very long after the reservelr fs full without noticing that they had failed
to stop.

How I will comment on your ideag fory making the parapet amnd
rockfr1l gafe from everpour. You asked the following question. Assuming
pumping continued and there was ne lower reservolr inflow, how loog would
it take to drain the lower reservoir? Elght now with the upper reservolr
full (1596.25), the loser reservoir is at elevation 736.25. If the auto-
matic controls In the upper reservole falled te shuk down both pumps, then
they would conbtioue to pump until the float switehes atcached to the draft
tube shut them dowm. The wpper resetvoicr would rise bo elewation 1598.43,
tha elevation of the lowese parapat (Mo, 95}, and then start to run over
the top. This is mot actually the elevation but is the comparative ele- :
vatfion with Panel 58 where the gage is located. After the water starced
to £flow over the top, it would continue to flow over more and more parapets
for about 20 minuvtes when Pump No. 2 would shut deown with the lowger
reserveir at elevation 735. Heo. 1 pump would continue puomping 2,000 c.f.a.
for ancther hour before it would shut dewn when the lewer reservoir
reached 734. If both pumps Fafled te shue down, they theoretically eculd
pump until they ram out of water with the lower reservoir down to 724,
the bottem of the excavated channel. Howewer, the pumps would begin to
experience a shoctage of water at a higher elevation of smay 730 due to
the alope in the chanmel. The volume between 736,25 and 730 is 1130 AF
and it would take 3.4 hours to pump this amount at the race of & 000 c.f.s=,
All of the overpouring water from the parapet would return ©o cthe Iower
reservoir in perhaps an hour, then there would be & continuous recircu-
latfon system and the lover reservoir could never be emptied,

I like your idea for deflectors to aprate the overflow of the
parvapet &nd the capas to limic the everflow to one ¢.f.s5. paxy fook. We
already have deflectors (one-foot concrete blecks} onm Pamels 5, 10, 15,

20 and 5B which were installed for ancther purpose. MAdditional deflectors
and caps could be installed ac & fairly nomindl cost, I believe. They
could be made out of half hard alvminium sheets (like we wzed over cxpansion
joints fer repalirs) bolted to the outside of the parapet with cinch anchora.
Howrever, if this is done it will shorten the length of overElow and
increase the hesd and flow per foot of leéength. We will run ancther
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Mr. J. Barry Cooke - dy = August 9, 1968

computation om this to determine the pool elevation ueing your suggestion
for capping about &2 panels, In the mesntime wo will glve consideracion
to your sugpeations and there is the chones that we can work it in with
gome malnCenance aC a later datc, say in 1964,

We would 1ike to review the draft copy of your Upper Reserveir
Report ar soon a5 yomr finilsh it. We ave petting to the point now where
we would like to £ile your report with the F.P.C. as socon as ik can be
done conveniently,

If you will eend us the sriginal of your final report, we will
wike Ehe nime additionsl coplies which we will need. This includes one
copy Which we will return for your uae.

Incidentally, Mr. Jack Shepley of the F.P.C. bfaﬂtingl:nn OEfien
called Mr. Vencill recently and asked for information about the upper
reservoir level detection and pump shutdown which T sent him. He iz
writing an A.5.C.E, paper and' 1 presune he will cover most of the licensed
projects, I told him there would de no structural demage if the pumps
failed to shut dowm, but there would ba some washing of the roadway surface.

Very truly wours,
Raymend N, Welds

Sr. Supervising Enginear
Bydravlic Engineering

mgw

ez: Hepasrs. M. W. Fleer
E. W. Hinlal:m../

IMGD31328

75



MWr. E, Mllle

ir 4
!. - |
The ocomputed Lemge for the period! April 9, 1970 h May 1%,

1970 is 12.13 ofe whlsh 1s & numerlical lpéresass of 1 cfa from
the nrevious parisd. However, during WAls psrisd Ake leakage has
had an additisml head of six (§) Tesli.-Tils inoreass in lsaksge
had been antloipsted when ralsing to Wiﬂ.qﬁtlm.

The Monthly Inspectiom of the Upper Rss rvair Rodkfil] was male

on May 13, 1970) no signifiesnt structursl mge noted,

There were several amsll washes noted in the "fine” [1l] ares

:-Wm-uunmm w4 of the Fecwt hesvy precin-
(= 3 1

Grigiai Signed By M W TLED

N, Fisor
2 npae rintend ent
¢ & T Semk Plants

B/ fmd ¢
- P TMrealrs - Z
R. Rosttger =
G. Yencdll l
R, Miller~"

-.!_i‘

IMG054638

76



Crage (CamPargsss.
P IO - 7, W, viiaiF /i Wl
_ g Mn. __ilosrtmundh  TEN Asowhh 00 P
oy T U= . P pasear G
) Za G RO L,
_. ki 43 i .....Af-ri_."%" s Burer & "
- il 3 X 7 s X
(%5 ~Ad r.' _..__._lﬁ?£$ s Y i -
PA e i /9% Pusne
o R b e % pases %"
P P o " esen 5"
_?n__ it "'.'.ql ‘ ittt -2 # = _ Do 1%
22 oW’ - r a1 Nz 17
R L -{Z il __bré /4 it Duven '
/.-Z? 36 ¢ g_i i PR, el
i N L - < S S ."...-2._..2. e ?rﬁmmiﬁﬁ_’qg_a_gm%g
. Vi P ‘?
/{15‘ .?f% x aqs..;_a_ﬂ )
sl e fﬁrﬂw._ﬂffw_L}_qa_éﬂm
Y - T i = PV 28

I 7Y . 4 Mﬂ;_c.mﬂl_ s fmees hoe noel posecible

w_-!_ﬂ._p-_mt/ _é"'.r_g?

fw#w&wmﬂ#ﬁfmm_mﬁ_ﬁ:___
Consputel Moatipe & o The ik o=

IMG054639

T7



REFORT OF INSPECTION

Date: ﬂg. ‘H’i‘ ﬂ; TE-L-7)

TARE SAUE UPFER RESERVOIR

Reservoir Elevi _A592 & ooy — RINEETO
Weathes: /. P2 Jivace tvate— Teme &Y%
Gage Cape Condition
Ho, Height*® of Gape Comments
1 A2 2K
2 il ey -
3 AT i . .
4 g P27
5 255 " Py
_.i! e
[ /?g e dettle rat=lie Spoass
7 L 4N -
L R oL
o -2%" LHE
10 2% ° e
i1 78" DL
A2 £z o
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