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The 2015 irrigation season turned out to be one of the
busiest that I can remember. With the hot and dry conditions in June and July, the demand for irrigation water was high.
I hope to see everyone at the workshop in Billings the
13th and 14th of October. We have an excellent line up
of speakers and vendors this year. The field trip also
looks to be very interesting.
Best regards,
Vern Stokes
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Silver Member: $300 Business card on website and 1/4 page ad in newsletter
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If you would like to advertise on the MADCS
website or in the newsletter, go to website for
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THANK YOU to the three business’s for
Their paid advertisement with MADCS.
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Paid Advertisements, thank you

Top: Flower Creek Dam, Owner: City of Libby, Montana. Below: DNRC ENA
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• KALISPELL • MISSOULA

MONOLITH 35
A Case History of the Repair and Rehabilitation of
Submerged Structural Concrete
at Dworshak Dam and Reservoir
By Nick Dana with Belzona
Often the most effective and efficient means of solving a problem is to prevent it from ever occurring. Unfortunately, this is easier said and read than done. However, when a small, but troublesome
thermal crack becomes a titanic struggle to reinstate the structural integrity of a 717 foot concrete
monolith, it can take persistence and ingenuity to win out against the forces of nature and thermodynamics. Coincidentally, that’s just what it took for the project engineers on the repair of Monolith
35 at Dworshak Dam and Reservoir. The Army Corp of Engineers provides a detailed case history
(1), from which I have incorporated excerpts and likewise an abridged profile of the methods used
and the challenges faced throughout this endeavor.

In central Idaho, on the North Fork Clearwater River, is the Dworshak Dam and Reservoir, a landmark that has been operational for flood damage reduction since 1972, with power generation in service since 1973. As of 2012 the powerhouse rostered two 90,000-kilowatt units and one 220,000kilowatt unit. In 2012 alone, the project is documented to have produced over 1.97 billion kilowatt
hours of electricity. According to the Dworshak Reservoir Association (DRA)(2) there are approximately 30,000 acres of project lands surrounding the reservoir used for public recreation purposes.
The dam and reservoir features recreation opportunities including boating (with 6 or more available
boat launches), water-skiing, fishing, developed and primitive camping, picnicking, hiking and hunting.
A Small Problem Grows
Early to Mid-1971. Five years had passed since construction had begun on the project and in
only one year the Dam and Reservoir would be put into operational use for flood damage prevention. Prior to filling the reservoir, an inspection of the projects 52 concrete monoliths confirmed
multiple cracks on the upstream face of several of the columns. The location and measurements of
the cracks were documented per requirements. Project management determined that the cracks
were insignificant and did not require immediate repairs. Anticipating no further complications,
the team proceeded with filling the reservoir.
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MONOLITH 35, cont.
However, no sooner was the reservoir filling complete, than eight of the documented thermal fractures began to expand invasively into the interior of the structure itself. The cracks in the monoliths resulted in a high pressure inflow of water into multiple galleries. The cracks were drilled
straightaway which reduced hydrostatic pressure and successfully decreased undesired flow. Selfhealing, a concrete-related chemical reaction (known as calcification), eventually healed most of
the cracks that had been documented.
Within the first few years of operation however, one of the cracks, noted as a thermal crack on the
upstream face of Monolith 35, spread further into the structure, penetrating the drainage and
grouting galleries. Records note that over time the inclusion did partially heal by means of calcification until 1979, when a bordering contraction joint was drilled to release water that had collected undesirably between waterstops. This procedure by physical chain of events, reopened the
fracture causing the breach to widen progressively over the next spring pool filling time. On May
30, 1980, the crack widened suddenly allowing a documented 13.37 cfs of water into the internal
drainage system.
Once again, drilling crews relieved high water pressure by drilling, which also served to limit the
breach and stop the propagation thereof. Furthermore, this allowed rational stability analysis to be
performed. The drilling was successful in stopping proliferation of the crack, as well as reducing
inflow pressure. Upon analysis, it was estimated that calcification was unlikely to self-heal the
fracture in its riven state and therefore permanent repairs were mandated.
A large vinyl membrane curtain was laid over the upstream face of the dam to prevent excess water from infiltrating the crack system in Monolith 35 during the repairs. Using an underwater TV
scan, it was discovered that a significant amount of debris was protruding from the crevice spanning the entire height thereof. Unfortunately, human diving labor was not a viable option for removal of the debris as the depths involved exceeded safety and legal diving limits of 170 feet.
Clearly, this would have to be dealt with some other way; engineers went immediately to work developing a solution to the problem.
Approximately one week later, on June 6, 1980 the project engineers had already completed the
preliminary design for an ingenious device they named the “Traveller”. This device was designed
to clean away the debris protruding from the crevice and also to place the membrane curtain appropriately. Here is an excerpt provided by the American Society of Civil Engineers (1988).which
goes into more detail.
A number of curtain materials were evaluated. The one selected was made of a 25-mil nylon, reinforced vinyl material. The material was ordered in 4.6-m- (15-ft-) wide strips. The strips were
wound on a 203- mm- (8-in.-) roller, which was attached to the traveller. Steel plates, 127 mm (5
in.) square by 3.2 mm (1/8 in.) thick were used to fasten the curtain against the upstream face of
the dam. An underwater impact gun that fires 0.38-caliber cartridge pins was used to fasten the
steel plates to the dam and for anchoring the wood filler strips that were placed in the joint rustications within the draw down area.
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MONOLITH 35, cont.
The traveller was managed with a fare lead from a barge and a truck crane located on the dam
roadway deck. The free end of the vinyl curtain roll was wrapped around two 0.6- by 2.4-m (2- by
8-ft) boards, which were anchored to the wall with a 19-mm- (3/4-in.-) diam. bolt and concrete
expansion anchor after the curtain was plumb. The first attempt to place the curtain was difficult
as a considerable amount of material had unwound from the roller before the traveller had gone
very far below the water surface. The slack curtain could not be rerolled without removing the
traveller from the water. Once technicians learned how to adjust the brake on the roller so it
would provide enough drag to keep the curtain taut during placement, they had no further incidents. The crack was covered with three strips of curtain, each with a 1.5-m (4-3/4-ft) overlap.
Two vinyl membrane curtains were placed. There was an immediate reduction in flows of approximately 6,050 CPM (1,600 gpm). (Although a majority of the decrease in flow was attributed to the
center face drain in monolith 35, additional crack drain holes were being drilled during this time
to reduce crack pressure, so the reduction amount is only an approximation.) However, this project showed that vinyl curtains can be placed as temporary surface sealers; they are effective in
reducing seepage and/or leakage, and they can be inexpensive.
The Traveller provided a temporary solution which paved the way for the designated permanent
repair. Underwater epoxy resins were now the focus of the repair project. Preparation for the
epoxy repair was set underway and by early May of 1981, the vinyl membrane curtain had been
fully removed.
Before any polymers were used, a mix of filler materials, (wood fiber, volcanic scoria (cinders),
and cement) was strategically poured down the face of the monolith. The materials were drawn
by suction into the crevice and served to reduce flow. The surface of the crack was then chipped
out and further prepared for epoxy injection by diving crews.
Upon application of the underwater epoxy resins, it was observed that the filler conglomerate had
not fully sealed the crack. This was causing the polymer repair product to be drawn out of the
crack by suction in certain places. Dubbed “suckers”, these holes were formed by the suctiondrawn gaps in the epoxy resins and ranged in size from pin holes to approximately 1.5 ft. To resolve this, various lengths of rope with diameters from 3/16 to 5/16 in. were embedded in epoxy
to stopple the affected areas.
For 2 years diving crews worked to repair the crack on Monolith 35, however the work was quoted to have been slowed by “existing reservoir control restraints” and “excessive diving depths”.
The repair was inspected and documented to be performing satisfactorily 1 year after application.
According to the Army Corp of Engineers Specific Case History, the contractor suggested some design changes that could have prevented such incidents or could prevent them from happening in
future projects or structures:
“more closely controlled concrete placing temperatures, improved cold weather protection,
and changes in locations of water stops or grouting the contraction joints…”
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MONOLITH 35, cont.
It was determined that the initial crack was caused by thermal stresses during the cure process, it’s
propagation being attributed mainly to the ingress of cold water into the warm concrete interior,
causing contraction of the concrete. Had the crack been preventatively sealed upon first observation, this catastrophe might possibly have been avoided, and perhaps we might never have even
heard mention of Monolith 35.
Nick Dana is a Technical Consultant for
Belzona Rocky Mountain Inc. in the Western Montana region.
He currently lives in Missoula, Montana.
(1), Repair

and Rehabilitation of Dams:
Case Studies by James E. McDonald,
Nancy F. Cutis
US Army Corps of Engineers
Engineer Research and Development Center

(2), http://dworshak.org/damfacts.html
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MADCS 2015 WORKSHOP
October 13 & 14, 2015
Big Horn Resort, Billings, MT
October 13 - Field Trip and Social Time
October 14 - Workshop
Visit the MADCS website for the
registration form and agenda
madcs.org
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