
AD-Alb 635 ARMY ENGINEER WATERWAYS EXPERIENT STATION VICKSBURG-ETC F/6 13/2
DETERIORATION AND REPAIR OF CONCRETE IN THE LOWER MONUMENTAL NA-ETC(U)
JUN 81 E K SCHRADER

UNCLASSIFIED WESMPSL-81-9 NL

E°hhlElllllllE
Aonion

Ehhhmhmmmh.
mmmmmmmmm
nmmomm mommonm,

0 Ihhhhhhhhhhh 
I



LEVEL
Co_ MISCELLANEOUS PAPER SL-81-9

DETERIORATION AND REPAIR OF CONCRETE IN
THE LOWER MONUMENTAL NAVIGATION

by

Ernest K. Schrader

U. S. Army Engineer District, Walla Walla
Building 602, City-County Airport PC

C11) ~Walla Walla, Wash. 99362 f
June 1981 C ~ C E~I

Final Reportj
-43

Approved For Public Release; Distribution Unlmited

0n

m-

C
M

U.pae S.r ArmyCefo Engineeras, xeimn SAtion

P.O0. Box 6.31, Vcksbur ,iss. 39180



Destroy this report when no longer needed. Do not return
it to the originator.

The findings in this report are not to be construed as an official

Department of the Army position unless so designated
by other authorized documents.

The contents of this report are not to be used for
advertising, publication, or promotional purposes.
Citation of trade names does not constitute an
official endorsement or approval of the use of

such commercial products.



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (Wen Date Ent...d)

REPOT DCUMNTATON AGEREAD INSTRUCTIONS
REPOT DO AENTTIONPAGEBEFORE COMPLETING FORM

I- REPORT NUMBER 2. GOVT ACCtSSION No. 3. RECIPIENT'S CATALOG NUMBERMiscellaneous Paper SL-81-9
4. TITLE (and Subtitl.) 5. TYPE OF REPORT A PERIOD COVERED

S TERIORATION ANDEPAIR OF NCRETE Final renrort
-N THE WER MONURM TAL NAVIG7;TION 6 E F RI GO G E O TN M E

7. AUTOR(NTNUMBER()

Ernest K /chrader

9. PERFORMING ORGANIZATION NAME AND ADDRESS AREA6WORKUN_ NUMBERS _ _ _ _

U. S. Army Engineer District, Walla Walla
Building 602, City-County Airport CWIS 315E3
Walla Walla, Wash. 99362 //__ _ "

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
// June 1981

Office, Chief of Engineers, U. S. Army nUEEROP AES '

Washington, D. C. 20314 S. 121 O
"

G

14. MONITORING AGENCY NAME & ADDRESS(If dllferent from Contmolling Office) IS. SECURITY CLASS. (of this report)

U. S. Army Engineer Waterways Experiment Station Unclassified
Structures Laboratory
P. 0. Box 631, Vicksburg, Miss. 39180 ISa. DECLASSIFICATION/ DOWNGRADING

SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20, If dlfferent fro, Report)

II. SUPPLEMENTARY NOTES

Available from National Technical Information Service, Springfield, Va. 22161

19. KEY WORDS (Continue on reverse side If neceesary end Identify by block num ber)

Concrete deterioration
Locks (Waterways)
Lower Monumental Lock and Dam
Navigation dams

20. A1GrACT ( m, do pevene eb If nsgeenvand Idenilf by block nuber)

.. Deterioration of navigation lock wall concrete due to freezing and thaw-
ing is a serious problem which is usually attributed to the ineffectiveness or
lack of a proper air-void system in the concrete. Most of the affected locks
were constructed many years ago before air-entrained concrete began to be
widely used. However, Lower Monumental Lock, one of the largest locks in the
world, has only been in service for 10 years yet has serious surface
deterioration.- _ (Continued)

DDIO , 1473 EDITl F\WINOV SISOBSOLETE Unclassified -

SECURITY CLASSIFICATION OF THIS PAGE (RIWen De. Entered)



Unclassified
SECURITY CLASSIFICATION OF THIS PAGEb(Wh Dnt BIieftd)

'K 20. ABSTRACT (Continued)

- Depending on the extent of concrete deterioration, conventional techniques
for repair of deteriorated concrete surfaces normally require the removal of
about I ft of face concrete, placing anchors and reinforcing steel mat, and re-
placing the removed concrete with new high-quality air-entrained concrete. This
type of repair is very expensive and can put a lock out of service for a long
period of time. At Lower Monumental, the cost of conventional repair was esti-
mated to be prohibitive, and the lock could not be taken out of service for more
than a matter of weeks. A coating was needed that (a) could be applied in a
short period of time, (b) might prevent continued damage from freezing and thaw-
ing, and (c) would be permanent under the adverse service conditions.

Six coatings of various portland cement and fine aggregate mixtures were
pneumatically applied to a section of the lock wall for evaluation. Each was
applied at a thickness of approximately 3/8 in. A conventional dry-mix
shotcrete was used as the control material and was compared to fiberglass fiber-
reinforced mortar applied by the 'spray-up' process with and without latex.(-
Air-entraining cement mixtures were also compared to nonair-entrainin; mixtures.

An accurate account of construction equipment, procedures, and production
time was maintained, and "constructability" by these methods was evaluated.
Laboratory evaluation included resistance to oils, permeability at various pres
sures, absorption, air-void size and spacing, resistance to freezing and thaw-
ing, tensile and flexural strength, and impact resistance. The latex-modified
fiber-reinforced material had essentially no permeability, high impact resis-
tance, and very high strength and suffered no damage due to freezing and thaw-
ing. Total coating of the interior lock wall with this mixture was performed
in March 1980.

Unclassified
SIECURITY CLASSIFICATION OF THIS PAGE(Wh-n Data Ewt,.d)



PREFACE

This report was prepared by the U. S. Army Engineer District,

Walla Walla. The publication of this report was funded as part of

Civil Works Investigation Studies (CWIS) Work Unit 31553, "Maintenance

and Preservation of Civil Works Structures."

This report discusses surface deterioration and repairs of con-

crete in the Lower Monumental Lock on the Snake River in Washington. It

includes discussion of laboratory studies, testing, construction, and

field evaluation of the original concrete and of the various cementi-

tious coatings used for repairs.

Initial laboratory investigations began in 1975. A full-scale

field demonstration of the repair procedure was performed in 1979. The

complete repair was accomplished under contract in 1980.

The lock is operated and maintained by the Walla Walla District.

Colonels Allaire and Thayer were District Engineers during the majority

of this work. Mr. Ernest K. Schrader, Foundations and Materials Branch,

was principal engineer for the project and wrote this report. Labora-

tory work was done at the Corps' North Pacific Division Laboratory at

Troutdale, Oreg., under the direction of Messrs. Orville Borge, Director,

and James Paxton, Concrete Branch Chief.

Director of WES during the preparation of this report was COL N. P.

Conover, CE. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, INCH-POUND TO METRIC (SI)
UNITS OF MEASUREMENT

Inch-pound units of measurement used in this report can be converted to

metric (SI) units as follows:

Multiply By To Obtain

cubic feet 0.3048 cubic metres

cubic yards 0.764555 cubic metres

feet 0.3048 metres

inches 25.4 millimetres

miles (U. S. statute) 1.609344 kilometres

ounces (mass) 0.028635 kilograms

pounds (force) 4.448222 newtons

pounds (force) per square inch 0.006894757 megapascals

pounds (mass) 0.45359237 kilograms

pounds (mass) per cubic foot 16.018463 kilograms per cubic metre

square feet 0.09290304 square metres

iv



DETERIORATION AND REPAIR OF CONCRETE

IN THE LOWER MONUMENTAL NAVIGATION LOCK WALL

SECTION I - PROJECT DESCRIPTION

Lower Monumental Lock and Dam is a $230-million (1961 dollars)

project located on the Snake River about 40 miles* from Pasco, WA

(Plates 1 and 2). Initial construction began in 1961 and the project

was put in operation in 1970. The dam consists of a concrete gravity

structure, a six-bay powerhouse, and earthfill embankments (Plates 2

and 3). It has a total length of 3800 ft and an effective head of

103 ft. Included between the powerhouse and south embankment is a navi-

gation lock for passage of pleasure craft and commercial barges. The

lock chamber has clear dimensions of 86 by 675 ft and a lift height of

103 ft.

The lock is one of the links in the inland waterway from the

Pacific coast through Portland, OR, to Lewiston, ID, along the Columbia

and Snake Rivers. Because there are no alternate waterways or lock,

the transportation system stops if the lock is taken out of service for

repairs.

The environment at Lower Monumental is harsh from the standpoint

of concrete durability. The region does not have extreme winters where

the temperature drops below freezing and remains there. Instead, the

concrete is exposed to many alternate freezing and thawing cycles. This

exposure is exaggerated at the lock where each lockage can cause a cycle

when the water is just above freezing and the air temperature is below

freezing. Temperature data for each month based on every other year

since the project became operational are given in Exhibit 1. The range

between highest and lowest temperature goes from 120 Fahrenheit to

i110 Fahrenheit. Cycles of freezing and thawing based on daily ambient

* A table of factors for converting inch-pound units of measurement to

metric (SI) units is presented on page iv.
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temperature changes (a conservative estimate of total freeze-thaw cycles)

is also given in Exhibit 1. The average is 64 cycles per year. Lock

usage shown in Exhibit I indicates about 475 comercial lockages during

the months of freezing weather each year. Currently, about 1400 commer-

cial lockages occur each year and an estimated 12,000 commercial lock-

ages have occurred since the project became operational.

'I
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SECTION II - CONCRETE DETERIORATION

Deterioration of concrete in navigation lock walls has caused

serious maintenance, aesthetic, operational, and safety problems at a

number of structures. Most of these are older structures built 40 or

50 years ago along the Mississippi River system and its tributaries,

but Lower Monumental lock is a new structure which has the same problem.

It is an irreversible condition for which conventional repairs are ex-

pensive. At Lower Monumental safety is of particular concern because

of the very high (103-ft) lift. If a loose piece of aggregate fell from

the upper portion of the lock onto a pleasure craft or an individual,

serious damage, injury, or death could result.

Deterioration of concrete at navigation locks is typically the

result of an improper air-void system in the concrete and, consequently,

low resistance to damage by freezing and thawing. Repeated saturation

of the wall surface due to filling and emptying a lock, coupled with the

many cycles of freezing and thawing, progressively cause damage to the

mortar portion of the concrete. For two reasons, the extent of freezing

and thawing cycling and degree of damage are much worse for a lock cham-

ber surface than would otherwise be the case. First, not only is a

source of water always present to provide an approach to critical satu-

ration, but pressure from water in the lock can accelerate the rate and

depths of saturation. Second, when the ambient temperature stays below

freezing and is not going through damaging freezing and thawing cycles,

concrete in the lock chamber may be repeatedly frozen and thawed by

alternately being subjected to river water just above freezing and the

air temperature below freezing. In a high lock, the freezing point of

water absorbed in the concrete can even change due to hydrostatic pres-

sures from filling the lock.

The reason for an improper air-void system usually is that a struc-

ture was built many years ago, before the benefits of entrained air were
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appreciated, and it simply was not required. At Lower Monumental lock

the reasons were different. Aggregates for the concrete were natural

materials screened from river deposits. During construction, it was

necessary to use an unusually high dosage of air-entraining admixture

in order to stay above the acceptable lower limit of required air con-

tent. It was checked at the time of batching and before placement.

However, analysis of hardened concrete from the lock indicated that the

actual air content was less than required and that the concrete had very

low resistance to freezing and thawing. Exhibit 2 contains the results

of those tests showing an overall average DFE of 49. Exhibit 3 contains

results of air content determinations showing only 1.6 average en-

trained air.

Because job records did not agree with the results of tests on the

in-place concrete, leftover aggregates from original construction stock-

piles were uncovered and screened to what records showed was used during

construction. Air contents immediately after mixing the concrete were

checked and found to be acceptable. Workability of the concrete at that

time was considered to be good. This represents the condition when

slump and air content tests would have been made on the project at the

batch plant. The laboratory mixture was then rehandled, allowed to sit

for 30 m, and vibrated to simulate hauling and placing. Exhibit 3

contains the results of these tests (NOTE: The data for Mix 386-9 were

erroneously typed for Mix 386-18 in the report, page 3, of Exhibit 3,

and the data for Mix 386-18 were erroneously typed for Mix 386-9). The

workability changed drastically in this 30-m time delay. The mixture

lost slump, stiffened, and would "post hole" when vibrated. The total

air content for the fraction of the mixture passing the 19.0-mm (3/4-in.)

sieve dropped from 6.5 percent to 5.3 percent. Analysis of hardened

samples of the concrete showed that this change consisted of a 0.2' in-

crease in entrapped air with a 1.40' decrease in entrained air. Beams

made immediately after mixing and after the 30-i delay both had good

resistance to freezing and thawing, with a DFE of 87 for the delayed

material compared to 90 for the specimens made immediately after mixing.
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However, the amount of surface relief and the percent weight loss was

about 60" greater for the beams cast after the 30-i delay. These re-

sults indicate that during construction, the air content immediately

after mixing was probably acceptable, but by the time the mixture had

been rehauled, placed, and heavily vibrated, the entrained air had

dropped significantly.

The premature stiffening problem was attributed to natural fine

aggregate in the river-deposited aggregate source. A petrographic analy-

sis of it is included in Exhibit 3. The material is essentially basalt

with some granite, quartz, and feldspar and about 6o' of it consists of

porous, absorptive, or friable basalt particles and silty caliche. Some

of the basalt contained montmorillonite clay which is suspected of being

the cause of the stiffening problem. It was not a dust coating of clay

that could be washed off, but was contained within the smaller particles.

For subsequent concrete operations after the lock and south shore work

was completed, all fine aggregate was manufactured from material re-

tained on the 9.5-mm (3/8-in.) sieve. This eliminated the stiffening

problem and resulted in concrete that has held up very well to natural

weathering.

A complete explanation of factors that affected the air-void sys-

tem and what the phenomenon was that was responsible for requiring a

very high initial air-entraining admixture dosage is not available.

There may have been a chemical or physical breakdown that occurred in

the mixture. The available explanation is that the fine aggregate, pos-

sibly because it contained montmorillonite, caused severe stiffening of

the mixture. This may have chemically affected the air-entraining capac-

ity of the concrete. It did reduce the amount of available water. Ex-

perience has shown that for very dry, no-slump mixtures, it is difficult

or impossible to obtain an effective air-void system. The very stiff

condition of the mixture necessitated considerably more vibration during

placement than is normal, and this may also have contributed to a reduc-

tion in effective entrained air, although it should not have done so.
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SECTION III - REPAIR METHOD POSSIBILITIES

AND INITIAL LABORATORY STUDIES

Concrete deterioration at Lower Monumental was evident after

several years of operation. It progressed through the next few years to

the point where it became obvious that repairs would be necessary. The

lower areas of the lock chamber had the worst damage with 75-mm to 150-mm

(3- to 6-in.) aggregate fully exposed after about eight years of service.

In addition to repairing the badly damaged areas, a treatment was needed

that would prevent further deterioration of those areas not yet damaged

to the point of needing repair.

A conservative approach to repairs would have followed a procedure

similar to that used or proposed at other navigation locks such as those

in the Ohio and Mississippi River systems. This consists of removing

about the first foot of face concrete and replacing it with high-quality

air-entrained new concrete conventionally reinforced with steel and an-

chored to the existing mass with grouted bars. The cost of doing this

at low head structures would be very high and the repair schedule re-

quires long periods of time for construction. Even worse is the economic

impact caused by stopping or slowing the flow of barged goods during

repairs. At Lower Monumental this approach to repairs would be exorbi-

tant from the standpoint of cost, time, and shipping.

The Lower Monumental lock is one of the largest in the world with

a lift of 103 ft and draft of about 20 ft. The possibility of providing

a floating cofferdam or caisson which would span one monolith at a time

and seal to the lock wall to allow men to work inside of it while the

lock remained in use was investigated. This would have allowed repairs

to be made without taking the lock out of service. Because only one

monolith could be worked on at a time, the project would stretch out for

many years. The caisson would be supported by only one monolith on

each side of the monoliths being repaired. A hazardous overload would
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be transmitted to them by hydrostatic pressure against the caisson. The

caisson would have to be designed to essentially be a floating steel daiii

about 150 ft high, spanning about a 60-ft width, with a daily fluctuating

reservoir of 103 ft. The design would have called for an expensive and

massive steel structure too heavy and unwieldy to handle in the lock.

It would have had to seal against the deteriorated lock wall and been

deeply anchored. Because the caisson would protrude out into the lock

chamber, the barges which typically go through as double-wide rafts

would have to split into single-wide rafts and make two trips. For

safety reasons, personnel working within the caisson would probably be

required to evacuate during each lockage. In summary, this concept for

repair was not feasible from the standpoints of construction time, de-

sign, practicality, and safety.

If a conventional approach taking more than a few weeks' lock

outage period for construction were used, the only acceptable way to

make the repairs would be to provide transfer facilities around the lock.

This would have cost an estimated $13 million, and it would not have

allowed the passage of pleasure craft. An additional cost of about

$250,000 to the Government to maintain the lock in a long-term unwatered

condition would have been incurred. The estimated construction cost for

conventional "remove and replace" repairs at Lower Monumental was

$13 million in addition to the $13 million required for transfer facili-

ties, for a $26 million total cost.

A faster and more economical method of repair and prevention of

further deterioration of the lock walls was needed. If, after proper

surface preparation, a protective shotcrete coating could be applied to

the existing wall, large savings in time and material would result. Any

build-out would have to be minimal so that the effective lock width

would not be reduced. Areas of the structure where severe deterioration

and spalling occurred to depths ranging from several inches to several

feet would first be filled with concrete, epoxy mortar, shotcrete or

other patching material. The surface coating would then be applied over

3-2
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the patch. Smaller patches not mechanically anchored would be held in

place by bond and by the strength of the coating covering them. A pro-

gram was undertaken to evaluate six different variations of pneumatically

applied mortar coatings. In order to be successful, the coating would

have to cure rapidly, bond to the existing wall, be resistant to wetting

and drying and freezing and thawing cycles, have dimensional stability,

and minimal shrinkage due to moisture and temperature changes, prevent

the penetration of water through it even at heads of 100 ft while still

being able to breathe or relieve vapor pressure when the lock is empty,

be resistant to the impact of barges, have acceptable appearance, be

able to be applied at temperatures between 30 and 90 Fahrenheit on a

surface that would be near a saturated surface dry condition, and be

practical enough to apply in the field at a production rate of about

10,000 ft2 per day. A material meeting these prerequisites was not

located.

The most promising idea was to apply a shotcrete that would con-

tain modifiers which could enhance its qualities. The addition of fibers

could add toughness, resilience, impact resistance, strain capacity, and

other desirable properties. Impermeability, bond, rapid curing, and

minimal shrinkage could be provided by a latex modifier. Portions of

concrete from the lock were removed, coated with a 3/8-in.-thick fiber-

glass fiber-reinforced latex-modified mortar, and tested to see if this

type of coating did, in fact, have potential for repair of the entire

lock. A special test (Exhibit 4) was devised to simulate actual lockage

conditions during freezing and thawing cycles. The coated concrete

specimen is clamped in a jig that seals a ponding area over the coating.

Water is introduced into this reservoir and air pressure is applied to

develop hydrostatic pressures similar to those exerted against the lock

wall during a lockage. From these tests, pressures equivalent to heads

of 0, 25, 50, 75, and 100 ft were used. One beam was subjected to a

standard umpressurized rapid freezing and thawing test. After each thaw-

ing the test specimen surface was flooded and subjected to the specified

pressure simulating a lockage. That pressure was maintained for the

3-3
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duration of a lockage. The pressure was then released to simulate empty-

ing the lock and the specimen was refrozen. After freezing, it was

thawed and the cycle was repeated.

At first the results were disappointing (Exhibit 4). Resistance

to freezing and thawing ranged from poor to excellent. But, investiga-

tion showed that the mortar coating contained latex and had inadvertently

not been allowed to air dry (proper cure for a latex-modified mortar)

before being tested. This resulted in the poor resistance to freezing

and thawing. Because the test specimens failed from the coating surface

down, the coating did protect the base concrete from freezing and thaw-

ing damage. It was concluded that the system would work if the coating

itself did not deteriorate. It was also thought that excellent freezing

and thawing resistance could be achieved if the coating were allowed to

air dry before being tested. The 3/8-in-thick mortar coating was remade,

both with and without latex. Samples of the coating were then subjected

to standard rapid freezing and thawing testing. The results (Exhibit 4)

confirmed what was expected. The mortar made with fiberglass fibers but

no latex failed, but the ones which contained fiberglass fibers and latex

showed no damage. Other material properties were also very favorable.

The coating was very tough; it handled well, and it had very high

ductility.
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SECTION IV - FIELD DEMONSTRATION

MIXTURE PROPORTIONS

The next steps in evaluation of the specialized shotcrete method

of repair and protection were to demonstrate its field practicality,

thoroughly test the material properties of field-cast panels, and ob-

serve the field performance after a year's exposure to actual operational

conditions. A field test was performed on the lock wall by a contractor

under fixed bid in 1979. The test section served as a demonstration area

allowing comparative evaluation of the performance of coatings without

latex and fiber, without latex but with fiber, and with both latex and

fiber.

The question had also been raised as to whether a pneumatically

applied mortar coating by itself would have sufficient resistance to

freezing and thawing if it contained entrained air. A search was made

to find out if and how entrained air had been reliably and effectively

introduced into pneumatically applied mortars. Tne results showed that

this had been attempted, but was always unsuccessful in both the wet and

dry mix process. In some instances oral reports were received that this

had been successfully done but when checked further there never was an

analysis to check the actual air content, bubble size, buhble spacing,

or actual resistance to freezing and thawing in critically saturated i

conditions. It seemed possible that by using air-entraining cement, an

effective air-void system could be realized. This variable was therefore

included in the field trial mixtures and the follow-up laboratory test-

ing. The six resulting trial mixtures based on one-cubic-yard batches

are shown in Table I.

The mixtures containing fibers required a very high cement factor

in order to coat all of the fiber surface area with paste. Each factor

is composed of over 100 fine filaments. If this high cement factor were

4-1
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used for conventional shotcrete, failure of the material due to shrinkage

and volume instability would have been expected. In the glass-fiber mix-

ture, the fiber composite provides high strength and strain capacity

needed so that shrinkage, cracking, and failure are eliminated or mini-

mized. Hence, a marked variation in cement factor between the trial mix-

tures was used.

Typical glass fiber mixtures use fiber contents about double the

amounts used in the trials. They also use fibers on the order of 1/2

to 1 in. long instead of 4 in. long. For the lock application it was con-

sidered unnecessary to have such a high fiber concentration. It was also

thought that the longer fiber length and expected lower water-cement

ratio would help compensate for loss of material properties resulting

from less fiber, while improving dimensional stability under thermal and

humidity changes.

Because of the high cement content and method of application,

water-cement ratios for the glass fiber mixture without latex were only

about 0.36. Because the latex acts as a fluidifier, the effective water-

cement ratio for it was only 0.26 (which includes water contained in the

latex solution). The latex solids were about 15 percent of the cement

weight. These low water-cement ratios were one more reason why the very

rich mixtures did not exhibit a problem with shrinkage and dimensional

stability.

It should be pointed out that the saran-based latex used was se-

lected because it had exhibited the best initial laboratory strengths

and was only slightly more expensive than other polymer modifiers. How-

ever, the improvements over a styrene butadiene latex were not very

great. If the latex were to be used over steel, with steel fibers, or

over a reinforced concrete section with little cover, another latex

would have been selected, since the one selected contains chlorides which

might result in attack on the steel and damage to the concrete.
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APPLICATION

The navigation lock was built with standard construction with each

wall being composed of 16 monoliths cast in place next to each other. A

vertical joint separates each monolith from the next. Concrete for each

monolith was placed in 5-ft-high lifts. The lock chamber face of mono-

lith 9 had various degrees of surface deterioration ranging from minimal

at the top to severe at the bottom. It was divided into six equal 1O-ft-

wide strips running from the top of the lock down to tailwater. Each

strip was coated with one of the trial mixture proportions.

The first, and perhaps most important step, was preparation of the

existing surface. Contract specifications, as stated below, were clear

with regard to what was to be accomplished during the surface preparation

phase:

"Prior to applying any of the shotcrete coatings, the surface
shall be prepared by removing all loose, unsound, and friable
material and by removing all surface contaminants such as
dust, silt, old curing compound, organic growth, etc. The
purpose of applying the coatings is to prevent continued de-
terioration of the mortar portion of the concrete. Due to
deterioration that has occurred to date, much of the mortar
is very poor, crumbly, and friable. All of this unsound mate-
rial shall be completely removed prior to application of coat-
ing. Any cleaning procedure that safely and thoroughly per-
forms this cleaning without undercutting exposed aggregate will
be acceptable. However, the procedure used will be subject to
the approval of the Contracting Officer after field demonstra-
tion. Some possible cleaning procedures are high-pressure
waterjets, air-water cutting, sandblasting, mechanical brushes,
or a combination of these techniques...."

Unfortunately, the surface preparation actually provided was less

than desired. A water wash with questionable pressure was used for

cleanup. In some areas this worked satisfactorily, but in other areas

the surface afterward had loose friable mortar between large aggregate

particles which could easily be removed by hand or with a screwdriver.
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As unfortunately is the case in many construction projects, con-

tract administration and scheduling problems did not permit proper clean-

up of all areas prior to application of the new materials. The effects

of this will be discussed later. Aside from evaluation of the various

mixtures used, the project served well as a demonstration of the impor-

tance of obtaining an acceptable surface upon which to apply any

shotcrete.

In all of the mixtures, materials were batched and blended at the

top of the lock and were then brought to the work platform at the appli-

cation location. Mixtures 1, 3, and 4 were applied from a hanging plat-

form of limited width which congested working conditions and did not

allow the nozzleman to follow good practice. Mixtures 2, 5, and 6 were

applied from a much larger floating barge.

The conventional dry-mix shotcrete used a typical concrete sand.

The thickness was built out in a single layer. Following application of

the mixture the contractor applied a cement-rich "flash coat" as his

standard practice. Unfortunately, in his eagerness to do a good job, the

contractor over-built the thickness and added the flash coat, neither of

which was desired. This made comparative evaluation and some of the in-

formation desired on thinner coatings more difficult, or impossible to

attain. The work crew consisted of six men. Three of the men handled

mixing of the cement and sand; one man was at the nozzle, and one man

checked the depth of the coating. It took 6 to 8 h to complete the

10-ft-wide, 115-ft-high strips. Rebound was estimated at 15 to 17"i by

comparing a visual determination of the volume of rebound collected to

the volume of material applied. Shooting was done with an experienced

crew, but because the hanging scaffold from which the nozzleman worked

was only a few feet wide and close to the wall, it was impossible to

shoot directly at the wall without being too close (Plate 4).

The glass-fiber-reinforced materials were applied using the stan-

dard "spray-up" process which applies a wet mixture at low pressure,
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while the fiberglass fibers are chopped and blown against the surface

simultaneously with the mortar. The thickness of material applied was

only about 1/8-in. per pass and the surface was rolled with what looks

like a serrated paint roller between passes. This pressed the glass

fibers into close contact with the mortar. A mat of material resulted

which could actually be lifted off in sheets, but which also would sag

if too much weight was added too fast.

Because the spray-up process has historically used a fine sand for

the aggregate (usually 20/30 pre-bagged sand), the Government contracting

Officer agreed to the contractor's request to switch from bulk concrete

sand to the pre-bagged finer material. At the end of the job, one test

panel was also made for laboratory evaluation with the coarser specified

sand. This mixture turned out to work well in the spray-up equipment,

had less tendency to sag, and gave the best results in all laboratory

tests.

Problems were encountered by one of the contractor's less experi-

enced crews when they began spraying the latex-modified mortar under

ambient temperatures of 80 F and higher. The material would thicken or

develop lumps and plug the equipment. The second work crew had no diffi-

culty with the material, but they were more experienced, used a conven-

tional mortar mixer rather than the "high-shear" mixer, used the minimum

hose lengths necessary, and followed close quality control procedures

(accurate weighing of batches, pre-mixing the latex solution, use of the

flow cone to control workability, careful measurement of the antifoaming

agent, etc.). Instead of working from the hanging scaffold, this crew

worked from a floating platform with adequate room (Plate 4). As work

progressed from the top down, the platform was lowered about 5 ft at a

time by slowly emptying the navigation lock. The newly exposed surface

which had previously been prepared by removing loose materials was blown

dry (SSD) just prior to applying the coatings. Including the time re-

quired for all of the incremental lowerings of the lock and for blowing
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the surface dry, the crew was able to achieve an overall production rate

of over 30 square yards per hour. The work crew consisted of six men.

Rebound was estimated less than five percent.

EVALUATION

Evaluation of the various mixtures and application procedures con-

sisted of three basic phases: (1) determining the practicality and

speed of application of the coatings using construction crews under true

field conditions; (2) extensive laboratory evaluation of test panels

made and cured in the field; and (3) evaluation of physical performance

of the in-place material after one full year of service.

The field applications showed that with experienced crews and

proper planning, any of the coating materials could be applied at a rea-

sonable rate under difficult field conditions. If the width of the test

panel sections had been greater, the rates of application would have been

much greater. The field work also showed that air-entraining cement

could be used in any of the mixtures, but that the benefits, as discussed

below, are doubtful. From a practical standpoint, the demonstration

showed that the latex mixtures had a natural advantage over the conven-

tional mixtures because their use permits a drying period instead of

moist cure after application. Good moist curing or properly applied and

protected curing compound is typically difficult to obtain in the field,

especially on a job like this one where men are working below and adja-

cent to a 100-ft-high previously applied surface.

Field cast specimens iot against rigid plywood boards were re-

moved from the board and ttmmed to a thickness of 5/16-in. for testing

so that they would all be of the same thickness. This allowed more ac-

curate comparison of data and duplicated the design, thickness for fu-

ture work. The tabulated results of laboratory tests are given in

Tables l-a and 1l-b.
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Type 1A cement was used on each of the three basic formulations

(no latex-no fiber, no latex-with fiber, with latex-with (fiber) to see

if controllable and effective air entrainment could be accomplished.

It was checked "as shot" in the wet-mix process as it came from the

nozzle. This could not be done for the dry-mix process because of the

basic equipment and process. A microscopic examination was later made

from samples of each mixture sawn from all of the hardened field coatings

after cure. The only mixture which had sufficient effective air bubbles

(less than 1-mm in size) to provide some resistance to freezing and thaw-

ing was one of the batches made with latex and fibers. However, this

one test result is suspicious. It does not agree with the results of

other batches made with the same mixture proportions and may not have had

the correct admixtures. Also, the resistance to freezing and thawing

obtained with this material probably should be attributed to the imper-

meability provided by the latex. The results of the rapid freezing and

thawing test on hardened material samples varied considerably for differ-

ent samples of some of the same mixtures. However, the data do posi-

tively show that latex mixtures without entrained air can give extremely

good resistance to damage by freezing and thawing.

Alternate wetting and drying and freezing and thawing cycle test-

ing gave results similar to the rapid freezing and thawing tests. Wet-

ting was done by soaking the samples in water for 6 h after drying them

for 6 h at 2C 0 F.

Soaking the samples in petroleum (kerosene) had no significant

effect.

Specialized tests of permeability and flow were performed to deter-

mine if the coatings could effectively prevent the penetration of water

under various pressure heads simulating the water depths of the lock.

These determinations were made by maintaining a constant head of 5, 50,

and 100 ft against field-cast test specimen. The spray-up materials,
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with and without latex, performed well. Conventional shotcrete performed

very poorly. The latex mixtures with fibers had essentially no flow or

permeability, regardless of head.

Unit weights of the different mixtures varied, but, in general,

conventional shotcrete had the greatest unit weight, and the glass-fiber

spray-up materials had unit weights of about 5 less.

Absorption for the conventional shotcrete was slightly less than

that of the higher cement content spray-up coatings. It is expected that

if fiberglass fibers were not used in the spray-up mixtures, the absorp-

tions would have been much less. Fiber filaments that are exposed prob-

ably tend to act like a wick, absorbing some moisture.

Flexural strengths were determined on the thin coatings, using a

specimen 2-1/2 in. wide and 12 in. long. A 10-in. simple span with third-

point loading was used. Test results ranged from typical values for

conventional shotcrete (890-psi average), to very high strengths for the

spray-up materials (3250-psi maximum). During testing the spray-up

specimens deflected as much as 3/4 in. without breaking apart.

Direct tensile strengths were also run on thin sections. Results

ranged from 225 psi for conventional shotcrete to 1580 psi for spray-up

material with latex.

Impact tests were performed using the procedure recommended by ACI

Committee 544.1) Basically, this test consists of placing a hardened

steel ball on top of a 6-in.-diameter disk of the test material, and im-

pacting the ball with a standard 10-lb drop hammer, falling 18 in. The

number of blows required to crack the test specimen and the number of

blows required to spread the cracks or separate the test specimen were

ACI Committee 544, "Measurement of Properties of Fiber-Reinforced
Concrete," ACI Journal, July 1978.
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recorded. The conventional shotcrete cracked and separated at one blow

of the test apparatus. The spray-up materials with fiber typically re-

quired nearly a hundred blows to crack, and mary more blows to separate

the crack. The glass fiber mixtures with latex that were applied by the

more experienced crew never failed.

After a year of being in service, the condition of the various

coating materials on the lock wall were closely inspected. Cores were

taken in typically good and poor areas of bond for each type of coating.

Plate 4 contains a photograph of typical cores. Following are observa-

tions of the condition of the field coatings after one year of service.

Although only one year of service had been experienced, the environment

in the Lower Monumental area subjected the coating to a thorough test.

From field performance, coupled with the lab data, positive conclusions

can be made.

Mixture 1: Conventional Shotcrete, Type III Cement. Hollow (de-

bonded) areas were present on most lift sections. The sizes of the de-

bonded areas varied considerably, ranging from a few inches in diameter

to nearly the entire lift section. A number of fine cracks were present.

Although debonded areas and fine cracks were present, the coating sur-

face itself was generally sound, with essentially no change in appear-

ance (with the exception of fine cracks) from the previous summer.

Mixture 2: Conventional Shotcrete, Type IA Cement. The fine

cracks evident here did not appear to be as numerous as in Mixture 1.

Also there appeared to be fewer hollow areas as compared to Mixture 1.

In this section, a large crack in the monolith was noted during applica-

tion of the coating. This crack reflected through the coating as one

tight crack, with no spalling around it.

Mixture 3: Glass-Fiber-Reinforced Shotcrete, Type I Cement. No

fine cracks were evident in this section, and very few debonded areas

were present. It should be noted that the preparation of the surfaces
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prior to application of coatings the previous summer was observed to be

better on sections where Mixtures 3 and 4 were applied, as compared to

the other four sections. The observations after one year of field ser-

vice help to confirm the importance of good surface preparation. The

surface of this coating (and that of Mixture 4) showed essentially no

change in appearance from the previous summer.

Mixture 4: Glass-Fiber-Reinforced Shotcrete, Type IA Cement. A

few fine cracks were noted in only one area. The overall percentage of

debonded areas on this section was very low.

Mixture 5: Shotcrete Containing Glass Fibers and Latex, Type I

Cement. No fine cracks were evident in this section. No hollow (de-

bonded) areas were evident on the upper lifts. However, some of the

lower lift sections were almost completely debonded. After one year of

field service, this section (and that coate& with Mixture 6) were not

as good with respect to bonding to the substrate, as were the sections

with glass fibers alone. However, this is attributed entirely to differ-

ences in preparation of the surfaces prior to coating.

Mixture 6: Shotcrete Containing Glass Fibers and Latex, Type IA

Cement. Nlo fine cracks were observed in this section. No debonded areas

were evident on the upper lifts, but numerous hollow areas were present

in lower lift sections, with some sections having completely peeled-off

in large sheets. However, immediately next to some of the peeled-off

areas, the bond of the coating to the substrate was excellent. As with

all other sections, the surfaces of sections coated with Mixtures 5 and

6 showed essentially no change in appearance from the previous summer.

Results of Tests on Core Samples: Visual examinations of cores

indicated that hollow sounding areas were, in fact, delaminated, and the

anticipated well-bonded zones were found to be sound. These observations

confirmed that the debonding failures were caused by improper surface
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preparation. The coatings in such instances were found to be bonded to

the mortar from the original (unsound) surface, but the weak surface

mortar had peeled away from the rest of the concrete, thereby causing

the failure (Plate 4).

RECOMMENDATIONS AND CONCLUSIONS

Based on laboratory tests and field trials, the following conclu-

sions and recommendations were made in 1979.

Coating systems, such as the fiber-reinforced-latex-modified sys-

tem should be extremely effective in terms of time and cost savings when

compared to the alternative of removing perhaps 1-1/2 ft of lock wall

concrete, placing anchor bars into drilled holes, and replacing the con-

crete with new concrete. Based on combined field and laboratory evalua-

tions, a contract should be issued to coat the deteriorated lock wall

surface at Lower Monumental, during a three-week period, with a thin

sprayed-on fiberglass fiber-reinforced-latex-modified coating.

Laboratory and field evaluation of sample panels indicated that

overall the best performance can be achieved by a combination of glass

fibers and latex, followed in order by glass fibers alone and by conven-

tional shotcrete. The superiority of the latex mix is especially appar-

ent in the permeability, flow, and freeze-thaw tests. These also were

the most important tests for the lock wall use of the material.

Proper surface p'eparations are absolutely essential prior to ap-

plying and coating.

Air-entraining cement did not produce adequate entrained air in

any of the mixtures used, regardless of mixer type and regardless of

whether the wet-mix or dry-mix process was used.
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In determining which coating materials to use in future lock wall

repairs, a careful cost/benefit evaluation should be made. Based or,

present observations, it is likely that conventional shoLrrete will give

a few to several years of good service. The glass-fiber and glass-fiber-

latex coatings will give better service for successively longer periods

of time, but at respectively greater initial cost.
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SECTION V - REPAIR CONTRACT

Based on laboratory tests and the field demonstration, it was

decided that the lock could and should be repaired by coating it with

the latex-modified fiberglass-reinforced mortar. As early work pro-

gressed on preparation of bidding documents, the job presented a

number of interesting problems and questions. Some of the more inter-

esting ones were:

1. How should surface preparation be specified and how could the

Government reliably get satisfactory results?

2. How could the understandability high-risk factor that contr c-

tors would apply to the job be minimized?

3. Should the job go out as fixed price to a low bidder, should

it be negotiated, or should it be "cost-plus"?

4. Could "sole source" materials be used?

5. Should the job be set aside for small businesses?

6. Since there could be no time ext nsion, how would partial pay-

ment be handled if the job was only partilly completed?

7. What prequalifications of bidders nd the workmen should be

required, if any?

8. How should the technical provisions of the specifications for

which there were no guides be worded?
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SURFACE PREPARATION

The success of the repairs was totally dependent upon satisfactory

surface preparation. No matter how good the coating itself was, it

would be useless if it did not bond to the existing wall. During the

field demonstration, difficulties were encountered in getting an ac-

ceptably prepared surface. There always was a question of "how clean

is clean." The contractor, designer, and field inspectors all had

different concepts of what could and should be accomplished. Results

of the field demonstration clearly showed that if the surface is not

cleaned of all loose, unsound, and friable materials, the coating will

become loose and fail.

Prior to preparing the bid documents, several additional surface

cleaning trials were made under purchase order and time and materials

arrangements to verify that with properly operating and used high-

pressure water-jet equipment, the surface could be satisfactorily

cleaned. Sandblasting equipment, wire brushes, hand chipping, and

air-operated scabblers were also tried by the Government designers.

The benefit of this experience was passed on to the bidders through a

prebid conference, discussion on the technical provisions of the bid-

ding documents, and with photographs of the work which also became a

part of the bidding documents. Exhibit 5 contains the actual bid docu-

ment and contract wording with regard to surface cleaning. Plate 5

contains photographs of some of the Government's surface cleaning

experiences which were also part of the bid documents.

There is no device or test which could be used to measure the

degree of "clean" necessary and actually achieved. It was totally a

judgmental thing based on a description expressed in the bid documents.

This caused concern among the Corps' contract administration group but

was an unavoidable situation. In actuality, for the main repair con-

tract it did not turn out to be a problem. The situation is not really

any different than occurs when preparing lifts of mass concrete for
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subsequent placements or when preparing a foundation for concrete or

earthfill. Good judgment must be used and there is no qualitative test

that can be applied. To minimize disagreements and the application of

different standards by different inspectors, and to establish with the

contractor right from the start what would be acceptable, the contract

required preparing "sample areas" before progressing with clean up of

the entire lock. This was done in areas of minimal, medium, and ser-

ious deterioration. The contractor's foreman, field supervision, and

company owner were there. The Corps had its designer, shift supervi-

sors for inspection, and head of the construction administration divi-

sion present. The equipment to be used in the actual cleaning was

used in the demonstration. Agreement was easily reached as to what

was required and what was an acceptable condition. This standard was

then used throughout the job.

Most of the actual cleaning was done between lockages over a

three-week period before the lock outage and actual spray-up coating

operations began. High-pressure water-jet equipment was used and nor-

mally operated at about 10,000 psi. As the nozzle tips would wear out,

the pressure would sLart to drop to about 7,000 psi. New tips were

then installed. Both the pressure and angle of the jet were critical

to effectively remove unsound materials. Occasional handchipping was

used to supplement the water jet where it just didn't clean well

enough. Usually the unsound mortar was about 1/4-in, to 3/8-in.

thick and flaked off easily. For most of the area in the lower portion

of the lock, scaling had already occurred to a depth of 1/2 to 2 in.

in the mortar, severely exposing the large aggregate which itself was

quite sound. Plate 5 shows the cleaning operation.

BIP DOCUMENTS

The bidding documents were very specific and descriptive. They

included a narrative of what the problem was and the repair objectives.
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Discussions of Government experience with such things as satisfactorily

cleaning the deteriorated surface were included in the specifications

for the bidder's benefit. The "drawings" included photographs of the

project and developmental work. Specifications required use of exper-

ienced and trained key personnel and workmen. An extensive quality

control program was clearly spelled out and a detailed CPM was required.

The most applicable parts of the bidding documents are contained in

Exhibit 5. There were no modifications to the bid documents after they

became the contract. There also were no claims.

Some of the most important aspects of the bidding stage were to

first interest contractors into bidding the specialized high-risk proj-

ect, then to minimize the risk, and finally be sure the bidders under-

stood the project. The specifications were written with more dialogue

and in a more descriptive manner than normally would be done. Comments

from bidders showed that they appreciated this approach, especially the

discussions about what the purpose of the project was and what the

Government experience had been with cleaning and application of the

coating.

A pre-bid conference was held which included a question-answer

period and open dialogue between bidders and the designer, inspection

crew, and operational personnel from the project. The designer ex-

plained what the concrete problem was and what this repair needed to

accomplish. A slide show was given showing the previous year's trials

and the surface cleaning procedures. Contractual problems experienced

during the trials were discussed. After the conference a tour through

the lock was conducted. Ten contractors attended the conference, in-

cluding the successful low bidder. The pre-bid conference was probably

one of the reasons for the success of the job and the lack of claims

and modifications.

The process to be used for securing a contractor was not clear-

cdt at first. Because of the highly specialized nature of the job,
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consideration was given to negotiating a contract with a qualified and

experienced contractor. Consideration was also given to doing the

work on a "time and materials" basis. It was finally decided that the

job should be put out as a fixed-price low-bid contract. There are

perhaps 5 to 10 contractors in the United States that would be able to

do the amount of spray-up coating required on this job with skilled

applicators. Most of these are small organizations that work under

controlled plant conditions and make precast panels. They would need

the support of a large construction contractor to organize, mobilize,

access, and manage the lock repair in a remote site. It was decided

that there would be sufficient qualified contractors or joint-ventures

to get competitive bidding if the standard low-bid process were used.

The method of measurement and payment for the job was also debated.

Options included paying for man hours, equipment rental, and materials;

one job lump-sum; and paying by the square foot for surface preparation

and satisfactory coating. Because the total area to be done was easily

defined and the mix was clearly established, it was decided to simply

pay for mobilization as one item with the actual work as the only other

item. Progress payments were made based on actual invoice records for

mobilization costs and for the percentage of actual areas completed.

Interim payments were made on a two-week schedule.

The lump-sum instead of unit-price method of payment had distinct

advantages and disadvantages. It greatly simplified record keeping and

accounting. However, if the job were not completed in the very tight

construction time allowed, the value of the completed work would be

difficult to establish. In actuality, the job would at that time prob-

ably have been subject to claim and negotiations anyway, so having a

unit-price item would only have given a starting point for the arguing.

Having a lump-sum pay item had a psychological advantage. It left

no doubt that the intent was to finish the entire job - not just as

many square feet as could easily be done - and that the amount paid was

fixed.
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Permission from higher authority was required to specify sole

source material suppliers for the fiber glass fiber and the latex. It

was easily justified based on (1) the fact that all developmental work

and testing had been with these materials and there was a possibility

that materials from another source would not be successful and this

did not allow comparative testing, and (2) they were the only known

sources that would meet the "Buy America Act" requirement.

Permission was also necessary to gain relief from putting the job

in the "Small Business Set-Aside" category. This was justifiable in

order to get competitive bidding and to let the small contractor who

had the spray-up expertise but not the financing or organizational

capability do the work as a subcontractor to a reliable large prime

contractor.

The Government estimate and three bids were as follows:

Surface Preparation

Mobilization and Coating Total

Government $145,600 $ 885,000 $1,030,600

Bidder 1 437,000 742,057 1,179,057

Bidder 2 419,000 933,000 1,352,000

Bidder 3 900,000 1,046,000 1,946,000

The Government estimate was originally $937,000 total, or 25.8 percent

below the first low bidder. A review of the estimate found errors

which increased it to $1,030,600 or well within 25 percent of the low

bidder which was a criterion for award of the contract.
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CONSTRUCTION

The contractor, Premier Waterproofing Company, Denver, Colorado,

is a reputable small general contractor experienced with various forms

of specialty concrete construction, but who at that time had no exper-

ience in the spray-up process. The specifications clearly required

various degrees of experience for the nozzlemen and actual applicators.

The foremen were required to have had at least two years' experience

with shotcrete and at least two of the nozzlemen were required to have

served at least six months' apprenticeship with the same type of equip-

ment used on the job. All other nozzlemen were required to have had

at least two weeks' of "hands-on" training. Each spray-up crew was

required to demonstrate their ability to perform satisfactorily and to

apply coatings of the required quality by placement.

The contractor met these requirements in two ways. First, he

hired all available experienced spray-up crews from two companies that

specialize in this work. One was from Maryland and the other was from

California. Second, he set up a training center in a warehouse for

his own personnel and had them practice for two weeks before going to

the jobsite. During this training, a knowledgeable factory represent-

ative for the fiberglass supplier gave "hands-on" instruction and one

of the experienced crews worked with the new crews for about two days.

After meeting the minimum experience requirements, each nozzleman made

a sample panel from which test coupons were cut. These were examined

visually for laminations, porosity, fiber distribution, and dppearance.

They were then measured for thickness and subjected to center point

flexural testing. The panels were made on two different occasions and

tested by the same laboratory, but at different ages. Results were as

follows:
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GROUP 1

22 Panels, 44 Coupons, 2 days' age when tested.

Thickness: Average = 11/32-in.
Range = 1/4 to 1/2-in.
Standard deviation = 1/16-in.
Coefficient of variation = 20%

Flexural Strength: Average = 4,910 psi
Range = 1,997 to 7,261 psi
Standard deviation = 1,276 psi
Coefficient of variation = 26%

Appearance: Density, fiber distribution, and general
appearance ranged from fair to good.

GROUP 2

11 Panels, 22 Coupons, 5 days' age when tested.

Thickness: Average = 3/8-in.
Range = 1/4 to 9/16-in.
Standard deviation = 1/8-in.
Coefficient of variation = 30%

Flexural Strength: Average = 6,491 psi
Range = 4,428 to 8,743 psi
Standard deviation = 1,255 psi
Coefficient of variation = 19%

Appearance: Density, fiber distribution, and general
appearance ranged from good to excellent.

The mix used for all trials was the same as specified and used

throughout the contract work. It was identical to the latex-modified

glass-fiber-reinforced sprayed-on mortar coating used in the field

demonstrations of the previous year. The batch weights and volumes

were as follows:

Approximate
Item We iqhtbcu qd Vo I ume. ft3

Water 245 4
Cement 1,720 9
Fibers 117 1
Latex 520 7
Fine Aggregate (SSD) 860 5
W.R.A., oz 75
Air 3.7% 1

-77 t. 3
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The cement used was portland cement Type I-I. The fibers were

single-strand, multiple-filament, alkali-resistant fiberglass. The

latex contained approximately 50 percent solids and an antifoaming addi-

tive. The fine aggregate was presacked sand. The water-reducing agent

met the applicable requirements of ASTM C 494.

The contract allowed the use of Government-furnished and stock-

piled fine concrete sand or prepackaged contractor-furnished manufac-

tured sand. The concrete sand had a better particle-size distribution

and in the trials gave the best results, but its larger particle size

made it possibly more susceptible to plugging the small nozzle aperture

and the problems of handling it in bulk outweighed the minor increase

in cost for the contractor to supply his own packaged material. The

prepackaged sand also eliminated problems with variations in moisture

content and grading that otherwise could be expected in an open bulk

stockpile. Fine aggregate gradings were as follows:

Percent Passing

Sieve Bulk Stockpile Prepackaged

9.5-mm (3/8-in.) 100 100

4.75-mm (No. 4) 99 100

2.36-mm (No. 8) 88 100

1.18-mm (No. 16) 63 99

600-iim (No. 30) 36 72

300-im (No. 50) 19 9

150-im (No. 100) 9 2

75-vm (No. 200) 0
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One week before the lock was taken out of service for the actual

repairs the contractor was required to go through a full-scale demon-

stration of his operation during a 24-h lock shutdown. The demon-

stration required cleaning and coating an upper lift of the lock wall.

It gave the contractor and crews a chance to find out ahead of time

what problems might be encountered during the actual project shutdown

and gave them time to react to the day's experience before getting

into the three-week-outage period.

The contractor had two basic approaches that could be used to

accomplish the work during the three-week outage. Each would require
"around the clock" operations to finish in time. He could either work

from scaffolding (built up from the bottom or suspended) with the lock

unwatered, or he could work from a floating barge. The first alterna-

tive presented major problems in assembling the scaffold quickly and

in providing a mobile platform that could be moved as the work area

moved. Scaffolding the entire lock was simply not feasible.

The contractor chose to work from a floating plant consisting of

six barges, three working at each wall and lashed together end-to-end.

The barges stretched for about 75 percent of the length of the lock.

The lashed barges were braced and welded side-by-side so that they all

acted as one unit. At the start of the lock outage, the barges were

floated into the lock chamber and positioned. The lock was filled and

the contractor began working from the top lift down. After the approx-

imate height of one 5-ft lift was coated from end-to-end on each

side, the lock level was lowered about five feet and the next lift was

coated. A major drawback to this system was a delay required by spec-

ifications of eight hours between when the water was lowered below an

area of wall and when that area could be coated. This time was selec-

ted as a safe and reasonable period which would allow hydrostatic

pressure within pores of the concrete to stabilize with atmospheric

conditions. Without this stabilizing time, it was felt that the coat-

ing could be applied, but that hydrostatic and vapor pressure would
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prevent the coating from tightly bonding to the base concrete. Another

specification restriction required that the surface be rinsed of any

silt or contamination from the lock water and be in a saturated surface

dry or drier condition at the time the coating was applied. Because

of the need for some final clean up and surface drying, the fact that

the barge had about 5 ft (one lift) of freeboard, and the fact

that the contractor could not coat more than one 5-ft lift in

eight hours, the hydrostatic pressure stability period did not repre-

sent any real delay to the construction sequence.

In order to coat the wall below minimum tailwater, it was neces-

sary at the end of the job to set the downstream lock chamber bulkhead

and partially unwater the lock so the barge floated below tailwater.

This procedure worked satisfactorily. After completion of the spray-

up work, the water level was kept below the last of the coating until

it air dried for 36 h as required by the specifications. In actu-

ality, the contractor finished about one day earlier than necessary

and the coating was able to receive a little bit more beneficial drying

before being innundated by reflooding of the lock chamber to full tail-

water elevation. As discussed earlier, unlike conventional mortar, in

order for the latex-modified mixture to properly work, it needs to go

through a period of drying.

On the barges, the contractor had storage areas for the cement,

latex, aggregate, fibers, and admixture; sanitation facilities; a

quality control laboratory; surface preparation equipment; a small

repair shop; spare equipment and parts; and four independent mixing,

batching, and spray-up stations. Personnel initially got on and off

the barge by access ladder at shift changes, but when the climb becanme

over about 20 ft, all access was limited to man skip and crane. Near

the end of the job this meant about a 125-ft total lift.

5-11



Each spray-up station had its own scales, spray-up gear or nozzle,

mixer, and pump. Each station was also manned by a full crew consisting

of a nozzleman, mixer man, roller man, and usually a helper. As de-

scribed earlier, the "spray-up" process sprays a wet mortar mixture

pumped to the nozzle by grout pump and atomized with low-pressure air

at the nozzle. While the mortar is sprayed against the wall surface,

fiberglass fibers are simultaneously chopped from a continuous strand

and blown into the mortar spray from a separate cutter head attached to

the nozzle. The material is applied in a thickness of about 1/8 in.

per pass and must be lightly rolled with what looks like a serrated

paint roller between successive passes. This presses the glass fiber

into intimate contact with the mortar. A mat of material results which

is heavily reinforced but which will sag or fall off if too much weight

is added too fast. The final surface could be troweled; but although

this makes a better appearance, it was unnecessary and if overdone

could be damaging.

There were two types of mixers used, a conventional agitator with

rubber blades and a high-shear type. The high-shear type proved to be

more effective as it could mix smaller quantities faster, approximately

one cubic foot at a time. However, it should be noted that overmixing

with the shear mixer, especially in the case of latex, could be damaging

and must be avoided. The conventional agitator was slow and occasionally

would hold up the spray crew while it was mixing. It could mix up to

4 ft3 at a time.

There are a number of manufacturers of the cutter head assembly.

The contractor used only two brands of equipment on this job, thereby

minimizing spare parts inventories.

Because there was often some last minute final surface cleanup

that needed to be done just ahead of the spray-up work, the nozzlemen

occasionally had to wait until this work was completed. This resulted
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in delay not only because of waiting for the cleanup, but because during

the wait the mixture would thicken in the nozzle or pump lines and plug

the equipment. It could take anywhere from 30 s to 30 m to free these

plugs. There also was a problem with spray guns plugging between shifts.

It was found that the most efficient way to minimize this problem was to

keep the nozzle open and continually pumping grout even if this meant

recycling fresh groud back into the mixer or wasting it.

The air temperature and the temperature of the lock wall had a

bearing on the amount of water used in the slurry mixture. The roller-

men had difficulty in keeping the fiber concrete from sliding off the

lock wall in cool weather. The ambient temperature ranged between 37

and 620 Fahrenheit during the lock outage. The nozzleman would first

make a pass with just the slurry and fiber. He would then make two or

three passes with the slurry and fiber to obtain a 3/8-in. thickness.

Du~ring operation, the spray gun had to be held perpendicular to the sur-

face to obtain a uniform mix on the wall. The distance the gun was held

from the wall varied, but the best results were obtained at approximately

two feet. In between each pass of slurry and fiber, the surface had to

be rolled until there were no loose fibers sticking out.

As the work progressed from the upper lifts which had less dete-

rioration to the lower lifts with substantial deterioration, the length

of fiber used had to be adjusted. The cutter heads were designed to

chop fibers of 1-1/2-in., 4-1/2-in., or a combination of 1-1/2- with

3-in. lengths. The longer fibers were desired because of their believed

tendency to give greater toughness and strain capacity. However, where

the depth of relief around large exposed aggregate was about 1/2 in. or

more, the long fibers tended to bridge across adjacent pieces of aggre-

gate leaving an air void over the relief between them. Where a combina-

tion of 1-1/2- with 3-in. fibers was used, this problem was minimized.
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Horizontal joints were treated by simply spraying over them and

treating them as a continuous mass. These joints have no known move-

ment across them and a-e tight construction lift joints. They did

present some problem because they had a 3-in. chamfer into which the

coating had to be sprayed and rolled. There was a tendency for the

workmen not to adequately coat or roll these places.

Vertical joints between monoliths were known to have relative

movements of measurable amounts. Wherever these were encountered, the

joint was cver-sprayed from one side to the other, but then the joint

line was cut through the coating with a knife while it was still wet.

Some joint, that were not cut with the knife later were cut with a

diamond saw.

QUALITY CONTROL

Quality control was an essential and continuous task both from the

standnoint of production and in-place quality. If the high-quality job

required was not achieved during application and surface preparation,

the coating could be expected to fail and the project would have been

a waste of time and money. From the contractor's standpoir4 he did not

have the time nor latitude to go back and repair any defective materi-

als, nor could he afford to have anything other than consistent mixes

of the correct proportions to keep the equipment operating and the

nozzleman working.

Minimum requirements for a detailed quality control program were

described in the contract documents. Exhibit 5 of this repor'- contains

that information as it appeared in the contract. The quality control

program as it was actually carried out is described below. The con-

tractor approached Quality Control (Q.C.) with a good attitude. He

hired a highly qualified consulting materials engineer to head up the

program full time and acquired the services of a private Q.C. testing

firm to provide support personnel. A Q.C. engineer was on the job and
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working full time during every minute of every shift of placement. In

reality the best control of mix quality turned out to be the practical

aspect that if the mix was too wet it would slough off of the wall,

and if it was too thick it wouid plug up the equipment. It had to stay

within very close tolerance to go through the equipment and stay on the

wall at 3/8-in. thickness.

The testing and monitoring program as it was actually per ormed

consisted of the following:

1. Although surface preparation was probably the most important

part of the job, it was the area where Government inspectors thought

the contractor's quality control organization exercised tht least con-

trol. Fortunately the Government had a shift supervisor and at least

one inspector performing quality assurance checks at all times through-

out the entire job so overlooked areas of inadequate surface cleaning

were caught.

2. A sieve analysis of the sand was performed every shift.
Mloisture contents were checked occasionally and ranged from 0.0 to
0.5 If bulk or open stockpiles of aggregate were used, gradation

and moisture tests would have been more important and required more

frequent tests. However, the prepackaged commercial bags of manufac-

tured aggregate were tightly controlled ' the bag plant by the manu-

facturer so the frequency of testing on the jobsite could be relaxed.

3. Batch sizes of the mixtures remained constant throughout the ,job

so that only one weight or volume of each material was ever used per

batch with the possible exception of slight moisture content variations

as required by quality control and quality assurance personnel to

account for temperature changes and humidity. The sand and cement was

batched by even bag counts. Admixture was measured to the same mark

in the same beaker for each batch. A mark was placed in the water and
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latex buckets to show what volume corresponded to the correct batch

weight as checked on the scales.

4. Air content of the slurry mixture was determined by the pres-

sure method (ASTM: C 231). The percentage of air ranged between 3.6

and 8.6%, and averaged 6.0%. It was checked several times a day.

5. The fiber length ranged between 1-1/4 and 5-1/4 in. A 1-1/2-in.

and 3-in. combination was desired over much of the job with some areas

calling for only 4-in. lengths. Fiber lengths were continually moni-

tored and adjusted when necessary.

6. Flow and workability tests were carried out by the nozzlemen

using a specialized cylindrical "flow cone" test developed for this pur-

pose. As stated before, a slight variation in the mix consistency would

mean that it would either fall off the wall or plug up the equipment.

7. The amount of rebound ranged between 0.4 and 4.1% and averaged

2.4%. This approximation was based on visual and weight measures. The

amount of rebound depended mostly on the nozzleman. The rebound percent-

age does not reflect the total amount of waste due to over-shooting, etc.

The actual amount of waste was more than expected. The contractor began

to run short of materials before the end of the job and had to air-

freight additional supplies to the site.

8. "As shot from the nozzle" mixture proportions of the fiber and

slurry combination were checked every shift. One method used was to run

the spray gun for a given period of time collecting the fiber and slurry

separately. They were then weighed to determine the percentage of fiber.

A second method was performed by obtaining a sample of the fibrous coat-

ing from the wall while it was still wet. The fiber and slurry were

washed out separately and weighed. The latex had a tendency to stick to

the fibers and could not be washed off completely; however, both tests

were comparable. These tests were run on a continuous basis.
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9. Ambient temperatures ranged between 370 F in the early morning

and 620 F during the day. It was checked for high and low during each

day.

10. Two 24-in.-square test panels were made against plywood sheets

for each monolith. Later record tests and historical data were obtained

from these panels. The test panels are considered to be a good repre-

sentation of the work done. They represent both the actual material

used and workmanship of the various nozzlemen, and were made under actual

placing conditions. Exhibit 6 contains results to date of these tests.

Additional testing, including quality and strength after storage in a

damp environment for a year, will be made.

11. The final in-place thickness varied between 5/16 and 5/8 in.

and averaged 3/8 in. In areas where 3-in. aggregate was visible on the

lock wall, the thickness over the outside of the 3-in. cobbles was less

than 3/8 in., but between the aggregate particles it was more than

3/8 in. Since the protection is really needed over the mortar between

the aggregate, this was considered acceptable. Thickness was continu-

ously checked by stabbing the wet mix with a nail used as a depth gage.

ADMINISTRATION

Close cooperation among engineering, construction, and operations

personnel of the Corps was essential. In addition to the "constructabil-

ity review," several in-house meetings were held during development and

pldnning. The design engineer attended the contractor's pre-work con-

ference and visited the contractor's home office during training of his

applicators. An extensive written discussion of "Engineering Considera-

tions for Field Personnel" was prepared by the designer for construction

personnel, and a meeting to discuss all engineering aspects of the job

was held with the inspectors. When qualification panels were made, the

designer worked side-by-side with the contractor's nozzlemen and made a

test panel of his own right along with them - fortunately, it turned out
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very well. This did a lot for morale, giving the workers a close feeling

of responsibility and importance of the job. During visits to the con-

tractor's training facilities, video tapes were made and brought back for

study by other district personnel. To help the contractor, especially

because he was a smaller contractor and pay estimates were very high,

they were made every two weeks.

During construction, an experienced shift supervisor from the

Corps' Construction Division (GS-11 or 12) was in charge of contract

administration in the field for each shift. They were assisted by in-

spectors from Engineering Division, Construction Division, a Resident

Engineer's office, and the "Engineer-in-Training" Program for recent

college graduates. Inspector personnel overlapped shifts. The project

designer made frequent visits to the jobsite and observed operations

during each shift.

A detailed critical path method (CPM) diagram was required from

the contractor and carefully reviewed by the Government. Also required

were a safety plan, hazard analysis, and a plan of operations showing

interaction between the contractor and Government crews operating in the

lock area at the same time. The contractor avoided potenti&l subcontract

administration problems and paperwork by hiring on his own payroll per-

sonnel from other companies who worked with him. This way, all employees

and work were always under his direct control. During construction, the

contractor kept "up to the minute" progress records in his field office.

Also, during the critical three-week outage, company officers, including

the president, moved to the jobsite from their home office and became

intimately involved with the entire operation.

This approach to running the job by Government and contractor per-

sonnel took much effort, planning, and overtime, but it paid off. The

contractor proudly admits to a substantial profit which was well deserved.
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The job was completed on time with no accidents, no claims, and no modi-

fications. There was no unscheduled delay to navigation traffic. The

Corps is very satisfied with the quality of the work.

COST

An abstract of bids is given in subsection "Bidding Documents" of

this report. The total actual contract cost was $1,179,057. Of this

$437,000 was for mobilization, demobilization, and for access to the re-

mote site. Of the remaining $742,057, it is estimated that about
2

$150,000 or $1.00/ft covers the cost of materials used in the coating,

$2.20/ft2 covers the cost of applying the coating, and about $1.60/ft 2

covers the cost of surface preparation.

OUTSIDE INTEREST AND POTENTIAL USES

There has been substantial outside interest in this project by

Corps and private organizations. During construction, there were many

visitors from various Corps' districts, divisions, and laboratories.

Since completion of the repairs, there have been many requests for in-

formation about the project and many inquiries concerning its applicabil-

ity to other deteriorated locks, etc.

The Corps has many other deteriorating locks which might be re-

paired much more rapidly and economically with the spray-up method, as-

suming this method demonstrates satisfactory durability during future

exposure. Where areas of severe spalling or deterioration need patch-

ing, this could first be done with conventional shotcrete, dry pack,

anchored concrete pourbacks, or epoxy. The system has other potential

applications for lining eroded conduits, providing protection from sea

water, lining lagoons, spillway face aprons, etc. Each potential appli-

cation must be critically evaluated with the understanding that this sys-

tem may work in some cases, but might not be the best solution for what

might seem like similar conditions in other cases.
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SECTION VI - PERFORMANCE

At the time of this writing, the lock has been in service for six

months since repairs were completed, so an evaluation of actual long-

term performance cannot yet be made. However, the previous year's trial

coating did go through a winter and performed well where the base sur-

face was properly prepared beforehand. Laboratory tests of freezing and

thawing show that essentially no damage should occur and other testing

indicates that the coating will prevent the base concrete from becoming

critically saturated. About two days after the last of the repair coat-

ing was placed, the lock was put back into service and subjected to fre-

quent lockages with substantial impact of barges banging against the

wall and scraping it. There was no failure. Photographs on Plate 8

show where some of this rubbing occurred and that the coating remains

intact, even where it abruptly juts out from places like at the armor

steel around the ladder recesses.

After about four months of service, an area about 5 ft2 broke

loose, but this is over one of the previous trial coatings of a differ-

ent mix that had been placed in the preceding year. The failure is in

the old trial material, not in the spray-up coating.

It would be too optimistic to hope that out of 150,000 ft2 of area

there will be no failure with time. From just a practical construction

standpoint, it would be reasonable to assume that somewhere in all that

area the mix was not quite right or the surface did not get adequately

cleaned. If the job were 99 percent effective, there would be allowance

for 1,500 ft2 of area to fail. Performance, though, is expected to be

much better. Fortunately, one major advantage of the coating is that

any small failed areas can be repaired rather easily and quickly with

operations' personnel by mixing up a latex mortar slurry, adding the

fibers directly into the mixture, and hand plastering it onto the wall.
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Another approach to evaluation of the repair is that even if it

had to be redone every five or ten years, the savings in time and money

over conventional repairs still rr-ke it a preferred method. However,

it is thought that the repairs will be permanent and this will not be

necessary.
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EXHIBIT 1

CLIMATOLOGICAL AND LOCK USAGE DATA

Item Description

Monthly Temperature Data

2 Freeze-Thaw Cycles Based

on Daily Ambient Tempera-

ture Changes

3 Commercial Lockages
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MONTHLY TEMPERATURE DATA, F

1971

Average Highest Lowest Month

39 64 17 January

41 64 22 February

43 65 20 March

51 75 33 April

62 90 41 May

63 97 46 June

77 108 48 July

81 108 53 August

63 91 42 September

54 85 22 October

44 58 27 November

36 55 16 December

1973

33 54 5 January

40 64 25 February

48 67 31 March

54 78 33 April

63 98 41 May

68 104 47 June

78 106 51 July

76 107 52 August

67 98 48 September

55 74 35 October

42 62 30 November

42 57 21 December

EXHIBIT 1
Item 1
Page 1 of 2



MONTHLY TEMPERATURE DATA (Continued)

1975

Average Highest Lowest Month

35 57 12 January

36 57 18 February

44 61 27 March

48 69 30 April

59 86 39 May

65 93 46 June

77 111 55 July

71 97 51 August

69 94 48 September

-- -- -- October

43 73 18 November
-- -- -- December

1977

-- -- -- January

42 70 25 February

45 70 28 March

55 91 31 April

58 80 38 May

73 97 35 June

74 98 42 July

79 107 52 August

64 88 44 September

54 79 35 October

42 67 13 November

38 61 15 December

EXHIBIT I

Item 1
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CYCLES OF FREEZING AND THAWING

Based on Daily Ambient Air Temperature Changes

1971 1973 1975 1977 1979 Month

11 15 17 16 3 January

15 18 15 16 13 February

14 2 11 3 7 March

0 0 3 0 2 April

0 0 0 0 0 May

0 0 0 0 0 June

0 0 0 0 0 July

0 0 0 0 0 August

0 0 0 0 0 September

3 0 0 0 0 October

7 9 9 10 23 November

18 5 16 19 17 December

68 49 71 64 65 TOTAL

EXHIBIT 1
Item 2
Page I of I



COMMERCIAL LOCKAGES

Number of

Year Commercial Lockages

1973 920

1979 1376

Number of 1979

Monthly Commercial Lockages

January 64

February 62

March 53

April 125

May 179

June 156

July 157

August 156

September 94

October 85

November 85

December 83

EXHIBIT I
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EXHIBIT 2

REPORT OF TESTS ON ORIGINAL CONCRETE TAKEN FROM THE LOCK WALL

Item Description

1 NPDEN-GS-L Letter and Laboratory

Report dated 29 August 1975.

2 Strength, Modulus of Elasticity,

and Freeze/Thaw Durability for

the Original Lock Wall Concrete

3 Graphs of Dynamic Modulus vs.

Freeze/Thaw Cycles for the

Original Lock Wall Concrete

4 Report of After-Test Examination

of Freeze/Thaw Beams Saved from

Navigation Lock Repair Concrete

Debris



AD0DSS R L o U S ARMY ENGINFER OIVIiION NORTH f'ACIF IC
o0Rrc o CORPS OF ENGINCRS

T TO NDIVIOU.LS

NORTH PACIFIC ,IVISION MATERIALS LABORATORY

R1 2 8O. 12A

TROUTDALE OREGON 97060

NPDEN-GS-L (75-C-797) 29 August 1975

SUBJECT: Navigation Lock Repair, Lower Monumental Dam, Report of Tests

on Concrete Debris, Contract DACW 68-75-C-0113

District Engineer, Walle& Walla

ATTN: NPWEN-FM

1. Please reference your DA Form 2544 request No. E-86-75-0128 datod
25 April 1975.

2. Attached is report of tests on two samples of concrect debris
(LM No.- 1 & 2) taken from the Lower Monumental Navigation Lock repai
site 5 March 1975. (Received 7 Mar 75). Included are:

a. Inclosure 1, Summary of Tests on Concrete Debris including
compressive strength, tensile strength, modulus of elasticity and freeze-
thaw.

b. Inclosure 2, NPD Form 361 "Resistance of Concrete Beams to
Accelerated Freezing and Thawing".

c. Inclosure 3, Report of After Test Examination of Freeze-Thaw

Beams.

d. Inclosure 4, Plates I, II, III, & IV.

(1) Plates I & II, photograph of samples as received.

(2) Plates III, IV, photograph of freeze-thaw beams after Lest.

3. Freeze-thaw beams-were sawn irom concrete chunks by diamondsaw to,
have one formed concrete face and three sawn faces. Durin),p sawing and
coring of specimens it was found much of the debris had internal cracks
reducing the number and size of specimens available. Five nominal 3x4xl4-

inch beams were obtained from sample LI-1 aid oTle fr)m siiamlple L- 2
Tensile splitting and compressive strength tests were mf.de on 4 x8 and 2x4-
inch cores respectively drilled with diamond bits from the rcimnant!, of Ihe
concrete debris. Modulus of elastici y was ileasurd on li. 2x 4 -inch cores

by surface mounted SR 4 wire strain gages.

EXHIBIT 2
Item 1
Page 1 of 2



NPDEN-GS-L (75-C-797) 29 August 1975
SUBJECT: Navigation Lock Repair, Lower Monumental Dam, Report of Tests

on Concrete Debris, Contract DACW 68-75-C-0113

Visual inspection of the debris indicated sample LM-1 contained 3" MSA
and sample 124-2 l?" MSA.

4. Analysis of the freeze-thaw beams during and after test indicated
the formed face concrete was of poor quality. Formed surfaces had
suffered severe mortar losses by 55 cycles of freeze-thaw exposure and
were completely destroyed by 300 cycles of freeze-thaw. The interior
concrete (sawn faces) was generally of better quality with light to
medium mortar losses. (Incl. 2 & 3)

5. This completes all work requested. -,

Incl1 i.-BRGE
as Director

2
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NPDEN-GS-L (75-C-797) 29 August 1975

LOWER MONUMENTAL DAM

Report of After Test Examination of Freeze-Thaw Beams Sawn from Navigation
Lock Repair Concrete Debris

1. Samples & Tests

Six nominal 3x4xl4-inch beams were sawn from two samples of Lower Monumental
navigation lock repair concrete debris, five beams from sample LM-l and one
beam from sample LM-2. The beams were subjected to accelerated freezing and
thawing and tested in accordance with CRD-C-20. Beams were selected and
sawn to have one formed face and three sawn faces each. Beams No. LM 1-1.
2, 3 and 5 appeared to contain 3" MSA and beams No. LM 1-4 and LM 2-I, IV"
MSA. Following are detailed test results:

Samnle No. Rel. E30 0  Rel. E = 50 Wt. Depth of Erosion
& Beam MSA Cycles of each of each Loss of Beam Faces, it.
No. in. Tested Beam Beam % Formed Sawn

LM 1-1 3 132 17.8 107 6.8 0.5 0.1-0.2
2 3 306 82.9 8.0 0.75 0.1-0.2
3 3 306 74.0 7.9 0.65 0.1-0.2
4 1 306 52.2 9.0 0.3 0.3
5 3 306 64.7 7.2 0.5 0.1-0.2

Average 58.3 7.7 O.5 0.1-0.3

LM 2-1 l 78 4.2 25 1.2 0.1-0.2 0.1-0.2

2. Examination of Beams

The concrete of beams No. LM 1-1, 2, 3 and 5 was of varible quality. The
formed faces (exterior surfaces) had heavy mortar losses and the original
contours were completely destroyed. The sawn faces (interior surfaces) had
light to medium mortar losses and the original contours were rounded to sub-
rounded. The mortar ranged from soft to firm on the formed faces and was
firm on the sawn faces. Mortar-coarse aggregate bond was good. The coarse
aggregate was generally sound with one to two soft particles noted per beam.
Two to three spalls ranging up to two inches in diameter and one inch in
depth were also noted on each beam.

Beams No. LM 1-4 and LM 2-1 did not show much difference between the formed
and sawn faces as did No. LM 1-2, 3 & 5. Mortar losses ranged from light to
medium and the original contours were rounded to subrounded. Mortar was
generally firm with some soft areas and mortar to coarse aggregate bond was
good. Beam No. LM 2-1 broke in half in 55 to 78 cycles and was removed from
test at 78 cycles.

General physical quality of these two beams was poor.

EXHIBIT 2
Item 4
Page I of 2



NPDEN-GS-L (75-C-797) 29 August 1975

The depth of penetration of destructive freeze-thaw action is illustrated
by the dark wet edges of the sawed sections in the accompanying photo-
graphs. The 1/2-inch thick slices were sawn from third points of the
beams, air-dried, placed in 1/4-inch deep water for 15 minutes and photo-
graphed.

The beams would be rated poor to excellent according to EM-111O-2-2000
"Standard Practice for Concrete", page 2-11, paragraph 4.

2
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EXHIBIT 3

INVESTIGATIONS OF ORIGINAL CONCRETE IN THE LOCK

Item Description

NPDEN-GS-L Letter Dated 18 May 1978

Containing Entrained and Entrapped

Air Contents for Original Lock Wall

Concrete and for Remade Mixes

2 Report of Durability Tests on Mables

Pit Aggregate Concretes (Original

Construction Aggregates)

3 Graphs of Dynamic Modulus vs. Freeze/

Thaw Cycles for Mables Pit Aggregate

Concretes (Original Construction

Aggregates)

4 Narrative Discussion and Data for

Mables Pit Aggregate Concretes

(Original Construction Aggregates)

Petrographic Report for Mables Pit

Aggregate Concretes (Original

Construction Aggregates)



DEPARTMENT OF THE ARMY
NORTH PACIFIC DIVISION. CORPS OF ENGINEERS

P.O. BOX 2870
PORTLAND. OREGON 97206

NPDEN-GS-L (77-C-5) 18 May 1978

SUBJECT: Lower Monumental Navigation Lock Chamber Concrete

Durability Studies

District Engineer, Walla Walla
ATTN: NPWEN-FM

1. Please reference:

a. Your DA iorm 2544 request No. E86-96-0016 dated 14

July 1976.

b. Telcons 5 October, 9, 14, and 23 November 1977 with
Messrs. Houghton, NPDEN-GS and Schrader, NPWEN-FM in which

air content tests by the microscopical method on samples of
concrete debris from the Lower Monumental Navigation Lock
Chamber (rec'd 8 and 25 Nov 77) were requested.

c. Telcon 9 November 1977 in which your Mr. Schrader

confirmed the transmittal of stockpiled natural sand and gra-
vel from Mabels Pit, Snake River, WA (rec'd 8 Nov 77).

d. Telcon 24 January 1978 in which Mr. Houghton was

given results of air content tests on the first samples of

concrete debris.

e. DF dated 2 February 1978 from Mr. Houghton to NPDEN-
GS-L requesting slump loss and freeze-thaw tests be made on
3" MSA concrete batched with Mables Pit sand and Mathews
Terrace coarse aggregate.

f. Telcon 6 February 1978 with Mr. Houghton wherein it
was agreed that:

(1) Volcanic cinders pozzoland would be used in lieu of

calcined shale.

(2) The standard laboratory mix sequence would be used.

2. The purpose of this study was to investigate two possible
causes for the low entrained air content found in the lock

chamber concrete.

EXHIBIT 3
Item 1
Page I of 5



NPDEN-GS-L (77-C-5)
SUBJECT: Lower Monumental Concrete Durability Studies

Parameters studied included:

a. Effect of slump loss on air content.

b. Effect of additional consolidation effort required
due to slump loss on air content, freeze-thaw durability and
compressive strength.

c. Effect of mixer grinding with 3-in MSA aggregate on
the release of montmorillonite clay from the sand with
possible subsequent effect on the size or distribution of the
air-void system.

3. Attached with rtsults complete to date is report of air
content and durability studies made on concrete debris and
recently cast concrete batched with Mabels Pit sand and
Mathews Terrace coarse aggregate. Included are:

a. Incl 1, Summary Report of Durability Tests.

b. Incl 2a-c, NPD Form 361, Graphical Report of
"Resistance of Concrete Beams to Accelerated Freezing and
Thawing" for the three sets of beaus tested.

c. Incl 3, Report of After-Test Examination of
Accelerated Freeze-Thaw Beams.

d. Incl 4a-b, Photographs of Slices sawn from selected
freeze-thaw beams after test.

e. Incl 5, Report of Petrographic Examination of Mabels
Pit sand.

f. Incl 6, NPD Form 359, Report of Concrete Mixture
Design for the 3" MSA mixture used in these studies.

g. Incl 7, ENG Form 6008-R "Report of Test of Portland
Cement" for the stock of lab-blend cement batched in the

concrete mixes.

h. Incl 8, ENG Form 6000-R "Report of Tests on
Pozzolan " for the Sun brand ground volcanic cinder pozzolan
batched in the concrete mixes.

4. Approximately 64 sq in x I inch thick slabs were sawn
from two samples of 3" NSA concrete debris sampled at the
Lower Monumental Navigation Lock. Slabs were forwarded to
the Waterways Experiment Station for determination of the air
content by the modified point count method "CRD-C 42-71"

2.

EXHIBIT 3
Item 1
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NP'DEN-CS-L (77-C-5)
SUBJECT Lower Monumertal Concrete Durability Studies

Microscopical Determination of the Air-Void Content in

Hardened Concrete. Additional tests were made on slabs sawn

from representative freeze-thaw beams recently cast from 3"

MSA laboratory mixed concrete. Results of the tests on the
debris and recently cast concrete are as follows:

% 2 2

NPDPL % 2 Entrained Entrapped Total
No. Location Aggregate Paste Air Air Air

313 Sawn 1 76.3 22.0 1.2 0.5 1.7

from Sur-
face of
Lift No. 25

325 From Lock 76.2 20.5 2.9 0.4 3.3

Chamber
Rubble pile
@ Base of
Nay Lock

386-9 3" MSA 60.3 34.4 3.9 1.4 5.3

Recently
Cast Fit 1 1
Beams-
Cast With- IA

out Delay

386- 18 3- MSACREN 1 a 7n.a 36.1 5.3 1.2 6.1
Recently ---
Cast Fit
Beams .
30 Min.

4 WCT SCREENED minus 3/4- traction of mixture.

S. Tests were made on three batches of 3" NSA concrete

batched with Mables pit sand and Matbewo Terrace aggregate, a

laboratory blend of three Type II cements, of volcanic cinder

pozzolan and neutralized vinsol resin air entraining agent.
The quantity of pozzolon used was based on a 202 replacement

of Portland Cement by absolute volume. Project mix design

No. 3-5.25P-2B was selected for this study; however, the mix-

ture required reproportioning to an equivalent cement content
of 4.94 cwt/cu yd to meet design slump and air requirements.

The equivalent water cement ration was maintained at 0.44
(w/c+p -0.45). The mixture was designed for 5.02 entrained

air and 21/2 inches slump on the minus 10/2 " fraction. The air

EXHIBIT 3
Item 1
Page 3 of 5



NPDEN-GS-L (77-C-5)

SUBJECT: Lower Monumental Concrete Durability Studies

content of the 3- and + 3/4" concrete fractions were 4.0 and

6.IZ respectively. Mixing and plastic concrete testing pro-

cedures were as follows:

a. Batch all ingredients;

b. Mix three minutes;

c. Rest three minutes;

d. Mix two minutes and discharge;

e. Wet screen to minus 11/2";

f. Split concrete into two equal samples;

g. Make air content slump test and cast 6 x 12-in

cylinders and 31/2 x 41/2 x 16-in freeze-thaw beams from one

sample leaving second sample undisturbed;

h. Wait 30 minutes and

I. Without agitating or remixing repeat steps g and h on

the second undisturbed concrete sample.

6. Cylinders were cast for test at 7, 28 and 90 days; and

freeze thaw exposure was initiated on the beams at age 28

days. To serve as a control series 3/4" MSA P.C. concrete

hached with Mabels pit natural sand and Mathews Terrace gra-

v.-l was tested according to CRD-C 114-73 "Method of Test for
.'WindneSs of Aggregate by Freezing and Thawing of Concrete

.\grt-gates" The control beams were started in test at a

'in,iarf l1-dav age, and cylinders were cast for test at age

I , ' 8 dav's.

' i pet rr.iphic report indicates that about six percent

:'e -and is composed of soft particles with some mont-

, : ,n te (liy in the finer fractions. Slump loss tests

. . .~ s1,.nfflcant stiffening occurred during the 
3
0-minute

S Av,.r4ge qlump for the three batches was reduced from

• he-, is mixed to 3/4" In 30 minutes. Delayed concrete

-- A r'ff* and lumpy", lacked plasticity and workabi-

4,11 !cd to "'posthole" during consolidation. It is

-1 t+ d thit wo M three times as much effort was required

Ariv: alequate^soI Idation of the delayed tested
rre. 'towv vr. the delay had negligible affect on the

1 l .1 ir nrient and the durability factor of the

rt . he average air content for the mixed and delayed

r t.' .s '.2 and 5.0, reapectively, and the durability

t ,rp f,,r the mixed, delayed and standard freeze-thaw test

4.

EXHIBIT 3
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NiPDEN-GS-L (77-C-5)
SUBJECT: Lower Monumental Concrett Durability Studies

beams were DFE - 89.7, 86.7, and q2.3, respectively.

The.se DFF factors would rate all of the beams as excellent,

which is comparable with DFE - 84.2 reported in Lower

Monumental Lock & Dam Concrete Aggregate Design Memorandum

No. 8, 28 April 1961. Compressive strength results at age 28

days for the mixed and 30-minute delay 3" MSA concrete were

3480 and 3430 psi, respectively. Detalled test results are

attached.

8. The results of this investigation to date indicate the

following:

a. Microscopic analysis of debris from spalled naviga-

tion lock chamber concrete showed ent rained air contents

ranging from 1.2 to 2.9 percent, whihh are too low to provide

a high level of freeze thaw durability.

b. Microscopic analysis of the freeze-thaw beams cast

from delayed and non-delayed recently cast concrete showed a

decrease in entrained and total air content for the delayed

concrete as compared to the non-delayed concrete.

c. Two to three times more compaction effort was

required to consolidate the stiff 30 minute delayed concrete

as compared with the non-delayed concrete.

d. No significant reduction in the plastic air content
was measured in concrete allowed to set for 30 minutes prior

to test.

e. The extra consolidation required to consolidate the

stiffened concrete had no apparent effect on its freeze-thaw

durability or compressive strength.

9. This completes all works requested.

FOR TlE DIVISION ENGINEER:

Incl (dupe) 0. E. BORGE

as Director

CF:

NI'DEN-CS
(oncret e

5.
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NPDFN-GS-L (77-C- I)

V ,lR MONUMENTAL. CoNCRETI: ;)URAB I 1,lY STUDI LS

Report of After T;.: Examination of Accelcratd Freeze-Thaw Bv-,rm,

1. Samples & Test - Three sets of beam;, e.ch courpo',ed (I t hrot h,, a'
from each of three concrete batches, were cu,.t wi th laorator pi ,d',(d

Mabel's lit sand and Mathews Terrace Coutr , O,rl gut e ;t '
No. 311, was; cast from t 3/4" NSA co t ree r ic t c1 in d ,ig d 1t,1d - t ,'d

in accordance wi th CRD-C 114 and two sets, NII No. 386, wirc ast I

the wet screened minus 3/4 portion of a 3" 85SA lower Mnumnntal i p,

Mixture, No. 3-0. 25P-?B, one set immdiatvly .1 t' mixiig 1Id o1, ,t

after a 30 -mi note dit.I without ta t ion o r nixun;.. T,, x'.C. r,.t,

beam; were :;tarted in test at ige 14-daiy;, (h I.C. pxZ/olaui u. ti.,

at age 28 days. Thhe beans were subject ad to i0l to V)9 c,, 1 , of i ;,i,1

freezing and thawing and tested in accordanc with (CPi)-C 20. ol I'..i'
art detailed test results:

Cement

Series Cent IItt Air
& Test cwt 7 COn'tnt, lLMp DEE 300

Set No. MgA Condit ion cu vd Po,,z 7 i n., l I. Av..'

311 3/4 CR0)-C 11!. 6.11 none 6.4 2 3/4 90.3
42. H
95.71 97". 9

311 A 3/4 CRD -C 114 6.11 none 6.6 "3 94. 1

92.8

91.6 93. )
31111 3/4 CRD-C 114 6. 11 none 5. 7 21 90.2

91.3

90. 4 90.

Average 6.11 6.2 2 3.4 '?

386 3" Cast 4.94 30.0 5.8 I" 9).?

without I9. ,

deliv aftor W). 8 91'. 1
3864 3' Mixin 4.94 30.0 6.7 2 3/4 91I. I

85.I

89. 4 89

386 " Mixed 4.94 30.0 6.4 1. LN. 4

WO.2 8.

Avera , 4.94 O.1 6. 1 .0" ? 8 .

38#) 3" Cast 4.94 30.0 5.4 1/4 87.5
aft or 85. 7
30-mi n. 80. 1 86. 1

386A 3" do lay 4.94 30.0 6.2 3/4 87. 3
89.1)

88.1 1 .8.

3868 3" 4.94 30.0 6. 2 1 87. 2
891.'
8 . 1 R' ',

Av t.,), 4.9)4 30. 5.1 /i 8)./

EXHIBIT 3
I tem 4
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NOTE: I / On the jis 3/4" portion of the mixtuore.

2/ On the .is 2" portioa of the mixture.

2. Fxamluat ion of Beams - All beams are of good physical qual ity. Beams
have well prvserved originial contours and mortar coarse aggregate losses
are minor. The moir tamj is firm and thre bond is good. Minur popouts are
present in all beams. 1he beamns cast after the 30 minute delay had thre
hi pies t weight loss,* greator sur face rel1ief and had lost some inch
aggregate particles. D)etails are as follows:

Series Test Wel guht Surface
-No.- Conld-it i-on Los s, Rd ie *I

311 CRD-C114 5.8 0.15
386 Standard 6.4 0.15
386 30 min. delay 10.2 0.25

The depth of penc t ration of destructive f rcee- thlaw action is il lost ri ted by
the dark wet edges of the sawed sections in the accompanying photographs.
Thel accompanying block illustrates the original size of the test beams.
The inch thtick SCtCion)s were sawn from selected beams, air dried, placed
in inch deep water for 15 minutes and photographed immediately. The
average DE 3 durability factors of 92.3, 89. 7, and 86. 7ii WO d rate tire
heams as, oxnt by eniteria outlined in 1KM- I 110-2-20100, 'Sadard
Prae t ice for Conc rote" Page 2-11 . para . 4.
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OEPARIMFNT OF TOF ARMY n h,., 77/288

MlWSOURI RIVER DIVISION, CORPS OF ENGINEERS

DIVISION LAbORATOR Sheet I of 3

OHA, NEBRASKA 68102 1 6 MAR 1978

S~b(Ct: Petrographic Fxamination of Fine Apxregate.
Rcoprt Series No. I .

Project: LQwer Monumental Dam
Intended Use: Concrete Aggregate

So.rce of Material: Mabel's Pit on Snake River

Subrwitte by: Director, North Pacific Division Laboratory

Dale Sampled: -- , Date Received: 16 December 1977
Method of Tebt or Specfication: CRD-C 127-b7

Re.:e-ences: North Pacific Division LaboratoryRequest No. E8578950o
____ (DT;L 7 T dated 8 December 1977.

SAMPLE IDENTIFICATION

KR Lab. No. 77/288. Sample of concrete sand (NPDL-311) from

Mabel's Pit on the Snake River for Lower Monumental Dam.

SUMMARY OF EXAMINATION RESULTS

1. The fine aggregate is dark brownish-gray, rounded to angular,

partially manulactured sand consisting of about 70 percent dense

basalt, 2 percent vesicular basalt, 5 percent highly weathered

basalt and clay, 6 percent granite, 7 percent quartzite and quartz,

4 percent feldspar, and 6 percent miscellaneous materials.

2. Porous, absorptive, friable particles comprised mainly of

weathered basalt and silty calciche total about 6 percent of the

sample. Some chloronhaeite and montmorillonite clay are included

in this group in the finer sieve fractions.

3. Although some natural glass is present with a refractive index
of less than 1.540, the alkali-silica reactivity potential of this

aggregate is thought to be minor.

4. Most of the particles tend to have an equidimensional shape
with a smooth to moderately rough surface texture, and are free
of any coatings, except for small spots of calcite incrustation

on some particles.

.AY 10 E 1Ol 10i of rrE8 67 'S 0OOLFTE.
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XRD Lab. No. 77/288

Sheet 2 of 3
16 MAR 1978

5. The composition of the sand by sieve fractions is given in the at-

tached table.

COMPOSIT1ON AND PHYSICAL PROPIR.TIRi

6. Basalt. Black and brown, dense to vesicular basalt particles make

up 72 percent of the sand sample, while soft, rodcrately to highly

weathered basalt comprises 5 percent. Most of the baralt is holocrys-
talline but a few contain interstitial natural ,lass. In a few cases,
the glass (palagonite) has a refractive index less than 1.540 which
makes it susceptible to alkali-silica reaction. In addition a trace

amount of glassy rhyolite rock is also present. Iowever, the amount of
glass in the entire sand is small and not likely to cause excessive
reactivity when used in concrete. In some of the weathered basalt par-
ticles, the natural glass has altered to chloronhaveiie which in turn is
altered to montmorillonite clay. Since the sand contains a high percen-
tage of minus No. 200 size material and much of the clay is collected in

this size fraction, it would he advisable to remove some of this material
by washing before the aggregate is used in concrete.

7. Granite. Fine-grained, light gray to pink. hard, dcn.s;e, rounded to
angular granite particles occur in small amonvts in the larger sieve
fractions making un about 6 percent of the sand. Practically all of
these particles appear sound and durable.

8. Quartzite and Quartz. The particles of this group ccnsist of
roundcd to angular, hard, dense, white to buff, fine-grained quartzite
and anular, white to colorless quartz. Most of the quartzite occurs in

the coarser siee fractions, while quartz grains are most abundant in
the finer sizes. All of the trains of this proup are hard and durable.

This groun totals about 7 percent of the sand.

9. Feldsiar. This rroun is made up of 'o and plagioclase feld-
spar grains having been derived from th. ';ni t and basaltic rocks,

largely as a result of crushing. Most lend to be fresh, but a few show
alteration producis such as sericite and kaolinite. The grains are
white to gray, rectangular, and have rood cleavarc sui'faces. Ieldspr
comprises about 4 percent of the fine agg-regate.
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W0. Miscellaneous. A number of different rock types and minerals are
included in this groun such as mica schist, concrete, calciche, and

limestone in the coarse fractions and mica, calcite, and common detrital
minerals in the fine sizes. All torethcr this group makes up about o
percent of the sand. Some of the calciche and limestone I-articles are

soft and highl] absorptive.

Submitted by:

R. K. SCHILENIKIR
Director, MIRD Laboratory
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EXHIBIT 4

PRELIMINARY EVALUATION TESTING OF SPECIALIZED MORTAR COATINGS

Item Description

1 DA Form 2544 dated 28 June 1976

Describing the Wet-Dry - Freeze/

Thaw Specialized Test Under

Various Pressures

2 NPDEN-GS-L Letter Dated 27 September

1976 Giving Results of Specialized

Laboratory Freeze/Thaw Tests on

Mortar-Coated Lock Concrete

3 NPDEN-GS-L Letter Dated 18 February

1977 Giving Results of Comparative

Tests of Fiberglass-Reinforced Mortar

Coatings With and Without Latex When

Subjected to Freeze/Thaw



| RECEIVING OFFICE CONTROL NU-9ER L ORDER

INTRA.ARMY ORDER FOR I 7
REIMBURSABLE SERVICES 14 u JL or'

F. . o, *oo AR 37-108 .d -
]CAkrF 0AOtA

AR 7-110. 0he P-P N ...Ony .Io- 1-

Offic. .1 IN. C-.prte.11e of d. Ar". (.1
4 ORDERED AV N I o oArI,t d dJdo) 5 VO 10 NE FERTINO IC 

Y 

" , d, I,11; 11o, . ..
(I.C h~d. ZIP Cod.) .44,....) (Ild. ZIPII, 0

District Engineer Director
Walla Walla District, Corps of Enars. Division Katerials Lab.
City-County Airport North Pacific Division, Corps of azra.

Walla WallA. T1A 99362 Troutdale. OR 97060

4. OESCRIPTION OF SERVICES TO OE PERFORMED

Perform spec.il freezo-thaw/wot (under pressuro)-dry tests on saiplea of Lov r
lionunental concrete that have ben coated with Glass Con. The coaLinr has beeo a,7plv

by a private company and 8 saplies havo been shipped to IfPDL. Special jigs as shown
on the attached sketch should be made by the laboratory for these tests. Two samples
should be retained for possible testing at a later date no sample should be subjecte

to the standard freeze-thaw test. and the remaining five sacrles should be subjected

to the pressurized wet-dry, freeze-thaw test as described below.

Test Procedure

Clamp the samples in the JiS as shown on the attached sketch. The bolts should be
evenly tongued so that their total initial load will be equal to the force exerted
asinat the top plate by the air pressure.* Air dry the samples in the jig. Fill the

reservoir between the top plate and the Clas Con surface about half way with water.

Apply the required air pressure* and maintain it for I hour. release the pressure.

empty the water, and totally freeze the test specivan. After the total speciman has
been frozen. ramoe it from the freezing chamber aud 1suediately fill the reservoir
about half way with cool water. Apply the required air pressure a&in. boina sure

that the water Is not frozon at the time air pressure is applied. Repeat the procesv

until failure or 300 cycles.

(CONTllwin)

7. NAME AND TITLE OF OROERING OFFICER 6 0IaNAT RE I I^tES

RIdIAIRD L. GULLIXSON 4 < .,, "

Chief. J&.N. Br. - 7

ORIGINATING FINANCE AND ACCOUNTING OFFICE APPROVAL

bF""Yoxrs3O5X3BOOoo 6 122 Conat. Gen CE civil Sl3.000.oo

€ C.ANGE

INCERASE AMOVNT_ DECREASE AMOUNT __ AEVIS AMOUN_

Services to be performed pursuant to this order GreglYope4r, .hheable to the appropri-
ations or other accounts indicated above until _ the expiration
date or this order. w*, - V..,)

10. TYPED NAME AND TITLE Of APPROVING OFFICER b. 1IOMTAYVA

Ch, ?&A Branch

ACCEPTING OFFICER

if THE ABOVE TERMS AND CONDITIONS ARE SATISFACTORY AND ARE ACCEPTED.

* TyPD NCOW ADO I'TLE 0 ACCEPTING 0O CEO 6 . 84IGNATURS c ca acco

S 2....................................
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NXEN-FM
SUBJECT: Performing Special Freeze-Thaw/Wet-Dry Tests on Lower Monumental

Concrete Samples

*Sample #1 - pressure equals 1 to 2 psi

#2 - 11 psi

#3 - 22 psi
#4 - 33 psi

#5 - 44 psi

The amount authorized by this order may not be exc.2eded without prior approval
of this office.

Billing will be on SF 1080 or other applicable media and will cite the order
number shown in Block 2a above, indicating either a partial or final billing.
Receipt of final billing will constitute a termination of this order and an
autumatic withdrawal of any unused balance.

2
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ADO.,$55 PLX1 0 U. S ARMY ENGINFER DIVISION NORTH PACIf IC

CORPS OF ENGINEERS
-o 10 -NO-VOVALS,

NORTH PACIFIC OIVISION MATERIALS LABORATORY

NT 2 BOX IZA

TROUTDALE OREGON 97060

NPDEN-GS-L (77-C-5) 27 September 1976

SUBJECT: Lower Monumental Navigation Lock Repair, Preliminary Report of
Freeze-Thaw Tests on Fiberglas Coated Concrete Beams

District Engineer, Walla Walla
ATTN: NPWEN-FM

1. Please reference DA Form 2544 request No. E-86-99-0016 dated 14 July
1976 with inclosed drawing.

2. Following, with results complete to date, is report of freeze-thaw tests
made on six nominal 3.5x4xlO-inch fiberglas coated concrete beams.

3. Beams were sawed from chunks of concrete sampled during the navigation
loLk repairs (Ref. NPDL W/O 75-C-797). A nominal 1/2 inch layer of fiberglas
coating (Glass-Con) was applied to one 3x4xlO-inch face by a private company.
One beam was subjected to the standard CRD-C20-75 freeze-thaw test exposure
and five are currently being subjected to the pressurized wetdry freeze-thaw
test requested. One additional sample has been retained for possible testing
at a later date.

4. 1he 1/2-inch fiberglas coating was essentially destroyed by 300 cycles
of rapid freeze-thaw as follows:

Cycles of Freeze-Thaw Remarks

99 Estimated 2/3 coating remains
178 Coating thickness - 0.25"
261 21 pieces of stone visable through

fiberglas
300 Stones visable throughout coating,

loose fibers in remaining fiberglas.
Estimated thickness: 0.0-0.10"

DFL 30 0 z 69.7

Wt. Loss = 15%

A photograph was taken of the eroded surface which will be forwarded when
available.

EXHIBIT 4
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NPDEN-CS-L (77-C-5) 27 September 1976
Subject: Lower Monumental Navi6ation Lock Repair, Preliminary Report of

Freeze-Thaw Tests on Fiberglas Coated Concrete Beams

5. Five beams are currently being tested by the requested pressurized freeze-
thaw oiethod at pressures of 2, 11, 22, 33, and 44 psi. The beams are assem-
bled in jigs which allows water under the above pressures to be applied against
the fiberglas coated face. The jigs are loaded Lo insure a minimal compressive
load on the fiberglas concrete interface when the pressure is applied. The
test procedure is to remove the beams from the freezer, set in ambient air for
one hour, for thawing inspect for damage, apply water under pressure for one
hour, drain the water and return to the freezer. One cycle is completed per
day. The requested weLting-drying portion of the test is not applicable as
the beams stay moist throughout the test due to condensation, etc. The five
beams have 23 to 25 cycles of freezing and thawing to date with no visable
damage.

6. Additional results will be forwarded as available.

0. E. BORGE
Director

2
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*oo-fl , V '0 pU S ARMY ENGINEER OIVISION NORTH PACIFIC
CORPS OF ENGINEERS

NORTH PACIFIC DIVISION MATERIALS LAGORATORY

TROUTDAI amEGO"N 97oo

NPDEN-GS-L (77-C-5) 18 February 1977

SUBJECT: Lower Monumental Navigation Lock Repair, Report of Freeze-Thaw

Tests on Glass-Con Fiberglass Slabs

District Engineer, Walla Walla

ATTN: NPWEN-FM

I. Please reference:

a. Your DA Form 2544 request No. E86-99-0016 dated 14 July 1976.

b. Our report this subject dated 27 September 1976.

C. NPD Form 300 dated 27 December 1976 covering transmittal of two

nominal 3/4x3x5-inch samples of Glass-Con, one with and one without latex
admixture.

2. Attached, completing all work requested,is report of freeze-thaw tests on

the above mentioned samples.

3. The Glass-Con slab without latex (Sample No. 1) had gained in height and

weight and started to split along the longitudinal axis by 47 cycles of

freeze-thaw. At-95 cycles it appeared the sample could have been separated
with finger pressure. The test was terminated at 214 cycles. The slab with

latex (Sample No. 2) showed no measurable or visual deterioration after 300
cycles of freeze-thaw.

4. Photographs of the beams after test will be forwarded when available.

1 Incl (dupe) 0. E. BORGE

as Director

Copy furnished:
NPDEN-GS

EXHIBIT 4
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NPDEN-CS-L (77-C-5) 18 February 1977

LOWER MONUMENTAL NAVIGATION LOCK REPAIR

REPORT OF ACCELERATED FREEZE-THAW TESTS ON GLASS-CON SLABS

Sample No.
1 2

1. Type W/O Latex With Latex

2. Dimensions: Inches O.8X3X5 0.4-0.8X3X=5

Test Results

Weight!
/  Height~l

No. Cycles! /  Chg. % Chg. %

FIT 1 2 1 2 Remarks

10 - - - - No visible action.

47 +2.7 0 +15.1 0 No. 1 - Surface spalling,
splitting on axis. No. 2 -

No action.

69 +1.4 +0.9 +18.7 0 No. 1 - Sand size particles

eroding, crack widening.

No. 2 - No action.

95 +2.7 +0.9 +29.5 0 No. 1 - Surface eroding,

sample splitting in half.
No. 2 - No action.

128 +2.7 +0.9 +17.1 0 Same as above.

155 -10.4 +0.9 +15.1 0 No. 1 - Washed slab prior to
measuring, all surfaces eroded,
crack extends through slab.

No. 2 - No action.

193 - - Continuing same as above.

214 -32.0 +0.9 0 No. 1 - Slab split in two along
longitudinal axis, stop test.
No. 2 - No action.

300 +0.9 0 No. 2 - No measurable or visual
change.

NOTE: l/ Slabs were placed in 1/4 inch of water and cycled from 0 to 40? at rate of
12 cycles per day.

2/ Plus means weight or height increase, minus means loss.

EXHIBIT 4
Item 3
Page 2 of 2

I



EXHIBIT 5

APPLICABLE SPECIAL AND TECHNICAL PROVISIONS OF THE REPAIR CONTRACT

Item Description

1 Specification "Special Provisions,"

Pages SP-1 and SP-13

2 Specification Section 1A, "Environ-

mental Provisions," Pages 1A-1 thru

1A-2

3 Specification Section 1B "Supplemen-

tal Requirements," Pages 1B-1 thru

1B-5

4 Specification Section 1C, "Measure-

ment and Payments," Page 1C-1

5 Specification Section 3A, "Surface

Coating," Pages 3A-1 thru 3A-12



Serial No. DACW68-8U-B-OO18

S'EC I F I CAT] ONS

FARI I

SPFCIA,. 'ROVISIONS

Sl-I. COMMENCEMENT, PROSECUTION, AND COMPLITION OF WORK (1965 JAN). The Contractor will

be required to commence work under this contract within 10 calendar days after the date of
receipt by him of notice to proceed, to prosecute said work diligently, and to complete the
entire work ready for use not later than the time limits specified hereinafter. The time
stated for completion shall include the final cleanup of the premises. (DAR 7-602.44)

SP-l.l The Contractor shall complete all surface coating and painting work by not later
than 1200 hours 03 April 1980.

SP-1.2 The Contractor shall complete all remaining cleanup and demobilization work by not
later than 18 April 1980.

SP- 1.3 Limited Work Period. The maintenia, e and operation of the navigation lock shall
take precedence ovcr all contract work, and not hing shall be done by the Contractor, his out-
contractors or employees which will hinder, interfere or prevent operation of the navigation

1-k, cxtept during the two lock closure periods scheduled as follows:

(1) A 24-hour lock closure period on 10 harch 1980.

(2) A 3-week lock losure period from 0100 hours, 16 March 1980 tu 2400 hours.
0i April 1980.

it rl'qocst ', by the ('ontr.,tor, tile lolk will be unwatered below tallwater level by Government

pur,nn l, x ept for n,,r leakage so that the area Inlesif the lock will be available for

r,-,ttrvd rk by 18 Marlh 1980. All Contractor materials and equipment, other than floating

0 -- t. . 1,0 1 1-. removi, from in ide the lock by 2400 hours O April 1980.

1-I.. Other Restrit tins a nd CoCOncurrent Work. Work areas and scheduled restrictions

.- I li t ,tlons due to thl presently anticipated schedule cf work to be performed in these
.-r-'. tlrers shall he lonsliered by the Contractor in scheduling work to be perforued in
a, l.r.,n, with the aboy, ompletion dates.

,,I'-I .I Mod l (,ate Seals. The seals o- the navigation lock upstream gate will be modi-
it t, 1 ,vernment personnel during the 6cheduled 3-week lock closure period. Use of the

,I.trea a yte for the (ontract,,r's operations will not be allowed during the 3-week lock

Il.isure period; however, the downstream gate will be operated by Government personnel for the

(ritractur's convenience. When the floating bulkhead 1o set into place, to facilitate

lowering the lock water level below tailwater level, the downstreasm gate will not be operated

f ,r the contractor's convenience. a

-.P 2. and SP-3. DELETED.

III, ?9ih (1g
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SP-28. PAYhENT FOR MOBILIZATION AND PREPARATORY WORK. PAYMNT ITEM NO. (1979 MAR)

SP-2$.l Paywents will be made under this contract on the actual expenditures made
by the Contractcr for mobilization and preparatory work under payment Item No. I as
follows: The Contractor may submit to the Contracting Officer certified accounts of
the actual payments made by him for construction plant exceeding $10,000 in value per
unit, as appraised by the Contracting Officer at the site of the work, acquired for the
execution of the work; for the transportation of all plant and equipment to the site;
for materiel purchased for the prosecution of the contract, but not to be incorporated
in the work; for construction of camps, access roads or railroads, trailer courts,
mess halls, dormitories or living quarters, field headquarters facilities and construction
Vards, and for personal services and hire of plant on work preparatory to comencing
actual work on the construction items for which payment is provided under the terms of
the contract. Accounts so submitted must be accompanied by certificate of the Contractor,
supported by receipted bills or certified copies of payrolls and freight bills, shoving

that he has acquired said constructicn plant and material free from all encumbrances
and agreement that it will not be removed from the site and that structures and facilities
prepared or erected for the prosecution of the contract work will be maintained and not
dismencled prior to the completion and acceptance of the entire work without the written

permission of the Contracting Officer. If the Contracting Officer finds that said
construction plant. material. equipment and the mobilization and preparatory work performed
are suitable and necessary to'the efficient prosecution of the contract and that the said
preparator, work has been done with proper economy and efficiency, payment, less the
prescribed retained percentage, will be made therefor to the Contractor. Payment for
construction plant, material and structures and facilities prepared or erected for
prosecution of the contract work shall not exceed the cost thereof to the Contractor less
the estimated value upon the completion of the contract as determined by the Contracting
Officer. In no event shall such payment exceed 100 percent of the cost to the Contractor
of any such items which have no appreciable salvaege value and 75 percent of the cost to
the Contractor of such items which have an appreciable salvage value. The findings

of the Contracting Officer as to the suitability and value of the construction plant,
equipment, materials, structures or facilities shall not be subject to appeal.

SP-2?72 Payments for mobilization and preparatory work will be made in accordance with
SP-28.l above, and such payments will be deducted from the contract price for Item No. .
"MobilirAtton and preparatory work," until the total amount thus charged to this item
reduces this Item to zero, after which no further payments will be made under this item.
If the total of such payments made does not r*duce this item to zero, the balance will be
paid to the Contractor in the final payment under the contract. The retained percentage
will be paid in accordance with the clause of this contract entitled "Payments to
Contractor."
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Serial No. VACuub.-80-O-001

P'awl IV

ILCHNICAL PkUVISIUN3

SLCIIU. JA

LNV~INUNN NI AL PkUILCT JUN

1. acupt.

The. work covered by this section consist& of furnishing all labor, Materials *no
ed~u 19) en t andJ performinu of1 I wok reduiredl for the protection of the environment
during Construction operations except for those measures Set forth In other TECHNICAL
FkiUyI5IuhS of thes* Specifications.

"Stadncaro methods for the Ltxbminstion of aoter end "sot* motor,' fourteenth
Ldition, I17, Published by American P~ublic Health Association# 1015 Eighteenth
Street, N~n.. fteshington, D.C. 20036.

3. 6LNLI4AL.

for the purpose Of this specification# environment protection is defined as the
retention of the environment In Its natural state to the greatest possible extent
during Project construction and to enhance the natural appearance in its final
condition. Lnvironment protection reguires consideration of sir. wter, end land,
ano involves noise, solid-wate management and management of radiant energy and
radioactive materials, as well an other pollutants. In Order to prevent, end to
provide for anatement and control of, any environmental pollution arising from the
constrw.ction activities# the Contractor and his subcontractor* In the Performance of
this Contract, Shall Comply with all applicable federal, State, and local laws# Ond
rowuleticns concerning environmental pollution control and abatement.

'A. NUILFILAIIUN.

Ifie Contracting Llfficer will notify the Contractor In writirig of any noncospliance
with the aforementioned Pederal, btate, or local laws or regulations. Such notice,
when O*livered to the Contractor or his authorized representative at the site of the
.or., small tao dee-ed @uftlCiefit for the Purpose. The Contractor shall, after
receipt of such. notice, i-meiately inform the ContraCting Officer of proposed
corrective action and take Such action as may be approved.e If the Contractor fails
or refuses to comply, Promtly, the Contracting OffiCer may issue an Order stopping
all or pert of In* wor% until Satisfactory Corrective action has been taken, No part
of the time lost clue to any such Stop orders shall be made the Subject Of a Clais for
extension of time or for encess Costs Or damages by the Contractor,

J. 5UbUil, hAC TUkb.

Lomi liance .ith tre provisions of this Section by subcontractors9 will be the
restionr'sil ity of the Contractor.

b . I~i LLHL-4lAl JUN.

',rior to colcmencement of the work the Lontractor ahells

(1) bSamit in ritinq his c,rososale for implementing this section for environment
Protct ion.

t~f) Fert itm. representative% of the Contrscting Officer to develop mutual
o.nd~rsts-linus relative to comtiliance .itP, this provision ano administration of the
environment grotectior, prouram. ALtroval of the Contrsctor's plan for environment
potect ion vill not reflieve the Contractor of his responsibility for adeQuate and
Cort inuin, corit rol of POl lut ant S.

EXHIBIT 5
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1. PRUILCIIUN UF LAIIL) RLSuUNfCLS.

The lona resources within the PrOjeCt bounldaries and outside trio limits of
permanent work performed under this Conltract $hall be preserved in theOir preent
condition or be restored toea condition oitter Completion at construction that .ill
appear to be naturel anid not detract from the appearance of the Project. The
Contractor Shell Confine his constructt ,,ctivitios to areas defined by the Plan$ or
specific at ions.

83. OIRUTLCTIUN U WRAILN MLSOuliCLS.

6.1 fi"ZJ the Contractor Shell not pollute streevis, lakes or reservoirs w.ith
fuels, oil*, bitumens, calcium chloriae, acids, herbicides* insecticides, or other
harmful material. The Contractor Shall investigate a#na comply ..rth all applicatbls
Federal, State, County and Municipal 'ss Concerning pollution of surface or
subsurface watoe.

8.2 Jaj4,"&j. Special measures Shall be taken to prevent chemicals, fuels,
Oils, greases, bituminous materilst waste waafhingS, sewage, Chlorinated solutions,
herbicides and insecticides, *nd cement anld concrete drainagie from entering surface
and subsurface waters.

8.3 )4.aaa"a. of any materials, wastes, effluent*, trash, garbage# oil, grease,
Chemicals, etc., In areas ejaCent to Stream$ will not be Permitted. if any waste
materiel is dumped In unauthoriZed areas, the Contractor Shall remove the material
and restore the area, to the original Condition before oeing diSturbed. If necessary,
conteminated ground Shall be excavated, disposed of as direCted by t he Contracting
Ufficer, a*io replaced with suitable fill materiel, compacted and finished with
topsoil and planted es required to rseestablish vegetation.

9. PRUTECTIUN OF PI13i Ah) VilLULIFL.

Ihe Contractor shell at all times perform all work and take such Steps required to
minimille Interference with or disturbance to fish and wildlife. the Contractor will
not be permitted to alter waterflows or otherwise disturb native houitat adjacent to
the project areas which, in the opinion of the Contracting UffiCer, oe Critical to
fish or wi1llfe.

10. bUNNII.

ho burning will be Permitted.

11. 10AINTENANCL UF PULLUIIUNi CUNNiUL fACILITIES VUki(. CUNSIHuCTUt.

Ouring the life of this Contract tha Contractor shell maintain all facilities
Constructed for pollution control under this Contract as long as the Operations
Creating the particular pollutant are being carried out or until the material
Concerned has become Stabilized to the extent that pollution is no longer being
created.

Ide. WUALITY CUNTRUL AN) COMPLIANLL.

The Contractor's (jualitv control system end thin detailed Plans Submitted in
SPECIAL l'iUvISIUNS shell include abatement of environmental Pollution, disposal of
decis ana wastes, control of dust, and other appropriate measures to effect
Compliance with the provisions of this section. The Lontractor's quality Control
Organisation shall participate in required Job training courses on environment
Protection, beficiencies or noncompliance as noted by the Contracting UfflCer'a
Representative will be administered in accord with the procedures Specified.
Reacurring deficiencies in abatement Of environmental impacts will also be Considered
adequate reason for removal Ond regl&cement of Ineffective quality Control personnel
including Jot, supervisory staff and the tol' resident Project manager.

EXHIBIT 5
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Serial No. DACP66-8O.-O-0l1

IICMNICAL lPkUVlbJUNS

SLUlu(4 To

5UlPPLLmtNTAk1 kLlduJfL?4EhrS

Ihe -Ork covered oy this section of the specifications consists of work common to
more than one section of these ILLHNICAL PROVISLOUhS. When used In theme
twecifications or in referenced Publications, 'Engineer," is synonymous with
*LOnt ract ing ufticer."

2. PLANTI ANt) LwUll'mLNT LIST.

In addition to the requirements of Standard Form 22 for a list of plant and
equipment Proposed for bioonq, the Contractor Shall furnish a Complete list of all
plant and equipment, exclusive of shop equipment, to be wood om the project, In
duplicate, within 30 days after date of receipt of notice to Proceed. The Contractor
shall submit as Part of his endo-f-th*-monti request for Payment, up-to-date plant
ano eduipment list$ throughout the life of the contract. List$ shall include rented
equipment as .ell as lease-purchase or sale-leasebeck equipment. The initial list
and the revised monthly list* Shell Indicate dates equipment is assigned to or
removed from the project, dates deadilined for repairs and returned for use, and
adequate iaentilicetion or description of each item of equipment including
manufacturer's na-e tabbreviatedl, model number, manufacturer's serial numberv and
Contractor's assiyned serial or record number.

3. ?hAUL RuAUS AND ACCISS NUADS.

lhe Contractor Shall Protect all existing facilities owned by the 40verrnment *nd
other contractors, whether or not Shown On the drawings, during the life of this
Contract. upion completion of the aork, all the existing facilities not included as a
Portion of the work osel be left in a Condition equal to the original Condition
prior to the contract. Costs for maintenance, repair and restoration of any
facilities Shall be considered to be incidental to and Included in the bidding
schedule Prices.

3-*e LA1AIa±QoA".UaL~aU~Aa.

for work areas at the navigation lock deck, ewisting access roads shall be kept
Open to traffic at all times. The Contractor is responsible for control Of traffic,
barricades, Signs, and flaaman, as ocicrovea by the Contracting Officer.

4. LGCAIJUN UF CUNTNALIUS Oft ICE ArIl) IPAhkING (CF PkI vATE VLI4ICLES.

the Lontrector's jobsite office or offices Shell be located so that people
visitiny the Contractor, such as salesmen or personnel seating employment will riot
'lave to enter the work area to get to the office. No parking of private vehicles
shell1 us permitted In the working areas except as otherwisa approved by the
Contracting ufficer.

S. lut.4TIILATIUN U14 VLHILLLS.

In order to wteep Proper control of vehicles in the work area, all Contractor's
vehicles shall display suitable Permanent idyntification.
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6. LAlbltrN6 SANITAIJUN ALILLIlt:>,

banitation facilities shall be furnishel ty tne Contractor In aC¢ordance pIt'
3MOS-1-t. illeting oublic toilet facilities will not be evallatIe for use by

Contractor Personnel.

7. FAYOULL5 ANO APlhL,,TILS5HPS.

Attention Is oirecteu to LLAUSL: ,AhVkLL, At.U oAbSI hLLURU9 of tie GL',LWAL

t'NUVhIS UNS. This paragraph recuires ee-ly Submittal of all iayrol I for vriue
Contractor and suOcontractors. It is to ue noter that the jidress and boCel

1

Security Number of each person is to be incluoed with the first Suumittal of the

corker's nice on the pavrolI.

Three legible copies of oll purchse orders for vateriels incorporateo into the

work Showing firm names aria 4dreSSeO ano list of materials shall be furnished the

Contracting UffIcer as soon 0s iSsuer, Ono I-,C,$edte notice Shall Ve wIver, Of
receipt of any meterial for the work, to,,ether IthM oetallea lists of tie same.
urclers Shall contain the Contract numb-r, OptliCaule nici I:em numdero din the Piece

mark number of the item being purChased. VurChase oroers aPi ll Include the name a'iu

odOresS Of the manufacturer an fibricatiof Site.

9. UTILITILS.

NO 6overmertofurnrishe cater is avaliatle.

All reasonaoly Peouireo amounts of electric po.er .11 be maoe .vaila'le to the

Contractor pv the 6overnment from the 6ovetnment-owneo or -operated electrical
systems at the project snO will be supplieu cithout cost to the Contractor. Pocer is
0,e1lable from existing 480-volt, 3-phose, 30-ampere (maximum) receptacles licateo at
onus Of the nevigation lock upper oeck Si d from 12O-volt, lb-ampere receptacles
located at intervals on the navlget on lock upper deck. All temporary Connections
shall be subject to the approval of the LontraCting ufficer. All electricity shall

be carefully conserved. If, for eny Pesor, the (3overnment is unele to furnish all
reasonable *mount& of electric power reoivrea by the (ontractor In the Performance of

this Contract, it shall be the resonslibility of the Contractor to Provide am
odouate supply of electric power at his Own empense, subject to reimbursement be the
lovrrimant an an aCtual Cost basis for tle power used. No separate Payment cill te
made for the cost of lator or materials furnished by the Lontractor for installation
of such alternate power supply. The location of all towerlines and all te-porary
connections for electricity Shill be subject to the approval of the Lontractin
Ufficer, All temporary circuits ana devices Shall be furnished, installeo, connected
and maintainea by the Contrector in a worimanlike manner, and shell t)e removed D the
Lontractor in like manner at his expense irior to final acceptance t.v the Government.

too 6Overnment-furnished compressed air is available.

10. ILMPtjkAiNf LLLCTINZCAL ,iI..

The followinq requirments for temiorar, electrical wiring Supplement are those
noted in Section XV of (AILvAL bAhLTy LUUIkLMLNTSo LP 3MbS-I-, binole-conauctor
ilrs such as types APo No km, to &no Tn will not be Installed unprotecteo along the
ground or walkweys or within reach of tversons on yround or walkays. These wires

Shell either be protecteo ty conduit (ev.ett Type ll) or tie gupporteo by inoulators
beyonO the reach of EersOrS. Ices. -ire types are not acceitaele for festoon
lighting and shall not Pe uSed .it insulation Piercing sockets. ti* festoor
lighting the use of '-COn(1ugtor No. le neoprene brewery Cord is aci.taile Provloeu

3
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tiAt where the Coro is suarleeu trio use of wedge-tVP* strain clIamps, such as
f't I IS is tpe P~IH is . seo to tawe the str.~in. Type b, SU, or S) ("liroxlj shall V&
useo wh-ere cor.9 8 re s~tj~st to extreme coniditionse such as rocky ground, vehicle
trattic, frequtent noves ilurg tihe ground, ano frequent exposure to moisture.
iNunv-etallic smeetheu cat-le a,,d service entrance Cable Shall not be used so portable
L o r ru-n alIo"Jj the wjrou.no or suspenoesj in the air. hiien exposed they Shell be run
d..jdirst ari, fjsteieu to Conitinuous protect ive S~rfbc@&. type NM l(indoor) nonmetallic
Sheathed catule si,,l rot i~e exicoseo to n-olsture. Type NML or service cable shell be
oaeu fu~r oulnoor inatolatQoi end boxes u&9ed therewifth Shall be made of insulating

" jterisl. Latiietx or Cutout uoxes Ingtalleu where exiposea to moisture Shall either
ye refotiurt r'- shall te trolecteu ironi noisture. Doves end cabinets shell not have
.itres anu cAolius Iissing through sinaip-eoul~a holes. Individual I roe shellI enter
lo-es Ii ' Ci-nU I t or t n ouc'Jr notes bushed with Insulating material. Labies Shell
ert e-r toxets throuyh b,,Shflqs or b~ox connectors. All metal which enclose* live
eliectricai C,,nowct(,r& stiall iop jroundedi with the exception of isolated fixed boxes In
or, lccatiui'r ano so laceo that persons Cannot touch the ho. end Simultaneously
touch or te stiinuirlgj oin the grounus Concrete or a5 grounded metal Surface, Thre ters
"enclosure" inCluovs satetv-switch and vutor-Btarteo boxes, penelboaro enclosures,
s.ittn ano outlet L-ovesp a the frames of portable power tool$. Metal stands for
1ortaule fl-Olights 4150 shall be grounded, faster-pIpe grounds Shall be Used

heniever tossit-l. .. ll '- aue* grounds shall provide a maximum ground resistance of
e") ohms. krouno wire connections shell utilize clamps or luga so as to provide a
r-eCh~nicaflt iSoundr lu-resistance connection. Ground wires shell as of the size
66vecifiea iy thp ..L.L. end snail ce run or protected to avoid injury, If Subject to

flexiny or viordtion, the grouno wire shell ba Stranded. Girounding of portable
electrical CiuislTent Incluting iloorlijgt stands Shall Pe accomplished by Means Of an
extra cunuwctor w.ithinl the Cord and en Gdditional contact on the receptacle Plug So

arrangeo tr-it the Circuit an~d ground Con,ctort Cannot be int~rchangeao lThe neutral
cuiliuCtor shall not ('e ustu as the gou conductor. mechanical protection end
strinoiny Of the rourio con-jvctor Shall Ut equal to that of thne circuit conductors.
It . Contr,.ctur'b lortaule ettuitment has jlog Cae which will riot match receptacles
eC,uiteu .,ih a jrwoul~n cornnect ion, Pe shell replace the Cord end plug to the
prutler ihi)e jvo ern'.etiy connect grouni irre to eduipnt Case. l6round wires in

rtar he COrus srnail ialways tPC ioenti lied Ly d Wreen, color and neutral conductors

3na~l Le white or ,rdy. )Peciiel care shnal Ie O eercised ini 'vkiny up portatile cords
to (IC sore tliv the circuit eric ground conductors are not interchanged, 11he frames
of all port~ile e,iuirne-ienerator Plants shall be groundled. This w.ill usually entail
a iriven ,iroul- aJI-iccnt to the Rachine. the neutral wire of plants having an output
S'tdtoe of li-e~u volts threexi)re iso shall be grounded. All ungrounded
cunuUuCturs snallI be protected Ly fuses or circuit breskers of no higher ampere rating
ihai allo,.eu Un the .. L.L. lye Lonitractor shall provide and maintain in use on the
si te a suit-JuIC uounij testing device Crid authorized Quality control personnel Shell
Perform tests initially arid suoseijuently whenever temporary wiring is altered to
insure ti~e adequacy oh "q~ari.adse" wrounos. 'elding mcChine leads shell be kept free
ut tare spots asia splices Shall be ii-sos using standard insulating Splicing devices
-ade for tie $urldsr. Lvery mlotor Shell have a disconnecting meons ini sight of the
controlle~r hotat ion or Arranged to be hockeo in the open Poatior,. nork an all
te'--Sorbry electrical wiring shall Jte perormed only bly Qualified journeymen
*lectricie's. len--orary electrical wiring shell oe considered as inCciental to the
%jrit and no Susarate paiment will UPb made therefor.

II . i,t th uILA.

hc.'iract,,r' n Jterial sturaee work ano farkinq areas shall beeSo approved by the
Luritract 1,- -t Ificer ala as iridicilted on th~e drawings.

le'. u,,it JP rAt nUubL 1'.lAKL L)1L, 1i-L"AxY bt4JD6L, AN.L IIAVI(,AIJhi LUCK. bRIDGE

hne po.enuust iiia-e dec., spillwa8y bridge# end the navigation lock deock end
c-rf':je may on used for ljited access to the work aea w.ith Lontrector vehicles only.
tidvlinig of materials ano transvortiny of ,en and equipmrent will be Permitted On this
roodvay swijeCi toea lost, limitatioi edjuvvalent to the Stan~dard Highway HJ20 loading,
1--e I-etreciur shall protect the verioujs portions of the structures from damae by
t raffi14L#,,revxent 'ateriAl fin, fallI ng through the deck openings, and also keep the
areas in use cleoneu utp an-3 oronerl, at all times during use. Vehicle speeds,# %peCial
vreCaut ions, Ariu safety Peaxores Shell Ius as di rected by the Contract ing ULitert.
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L11. UAILY LLtANU'.

Al I 010115 reasutink, from tie work, Such AS ic uCase@, ceornrt backs. scrsak
lumoer ano other debris bnall oecCollectou anu remi),e-i from the work area' 441lV dA
il *posed of off Project laino. Al Icoot . ul rem,,v Ing io 19ShI sIa) fii irno;cljeiti41 to
the work# anti no mei-rete Poilment will use ue therefor.

1L6. LJJ.1PbAl. UF ^AAbt MAILMIALb.

Collection and ulsposol of all waste olaterials Shall be performed in A wdnner sold
with such necessary SCSaffoloing, nae, enu Collection fecilitIOS and eluilsment AS to
prevent any *CCIUar'tal Ofor 'jelerstq disposal of materials in toot lock cnepier or i
any water erea at the oam. AllI fleeting I'l.nt usej for storajor And haulin~ t -jecnis
and waste eaterilsl froa, Construction operationS Shall have Contaiimlnt .. ll$ 0
minlimum of '4 feet in height and of mivnimur 3-imcht timbers rigjiui, Instalile0
Surl'Oullding tole cletrie collection area. LonCrat* materials ano env sdnutbidtiny sano
col lected orinoo Surface preparation* And surface coattng abpicat ione Shall h e
diOSpoGed of et the waste oiaf05al site iniiidtsil on the ara.uingS.

15. 1 LL UMI NA I IUN.

1h6 I.ontraCtor Sholl furnish 0t) plant, e-quipment, lab()r ancil material$, elicesting
Lovornment-furn Iashoo electriCiti, end free f 10'1 li ht Inw, tou InSuro diluat a
Illumination for operations in accordance with the provision$ of bection jA of

LI' 38-L1, lftMAL 5APL11 IItlL1,1141:04.I. Iev termf. .ideovuate Illumination' as usd
heltfnt *hall be C~nStrusd *s the minimum igyhting reoulreJ to provilue safe workinW
Conostiori5 anC provide sufficient light to per-it the murk to te uerfOr.qU In
accordance with the plans and Specifications and to per-It Complete InSoueCtlon of all
work. NO uirOCt payment will be made for irovilifg such il lumination anU the C(;St
thereof Shall oe ConeiJoeo &S inCIC*ntdl to end InClu~jej in the contract Iu-p sum

Lb. RUNKsi ANLA ALCtbb.

lhe Contractor &hall submWit lor opprovel# any acaittOluIn, leader, stairway or
other access schemes he proposes to Use, including tyour, leaout, onq Onnecxlon%.
Approved ontisllip surface matori$l Shall oc InStalledf on ,ceffoljinu Platform@.
bcoffolidng Shall Comply in every respect with tob~i1 utL-L-L biALlr
kt WUILvt N I b. The Contracting Ufficer's e4iproval will not lie Cuinifereli to relieve
the Contractor of any responsibility for Compliance with trie Contract wna *Dgplicsole
btate Ioa. the Lontractor Shall provide access to trim work area in the lock Cmaover
for tisS Contracting Officer Or any 1nS~e;tOr at il tl,s.

1/. LU1_I UPkYAlLVlib Alit CLubijit.L'tst

ine Iover,,ment will malitain lock operations throughout thok Contract perioci,
aCept Curing the 2li-hour and the 3Aueek lock closure perloos sia*cifiel in paraqraph
310-1.3 of the bPECIAL Pliuvhl.S-. Tn. Lo-1traCtor will re %,Ivan Iprmmtl hour
advance notice of lockSages to allow rem.ovel of eduipeent and personnel from the lock
ChaOfier &no to perform any necessary vheret ionS to allow initerrut ion of the
LontraCtor'S work operations so lOCkaqvS ay U. perior-ei. Ihle average tie for a
loceba from~ arrival of a uoat At the lock entrance anid completion of lockage is
approximately I hour. Locioages @Cce't'w I hour Caused by delays Usve tQ tie
Contractor's Operations svCh as Splfttini. of tows reoaulla of the LOntraCtor's
equipment in the lock Shall not be 'ade the uc,)ct of A claim' against the
t6overnment. An Svarago of seven comeercli i boat lockaiges are made each (JAYe at Loera
Mfonumental Lock. ihe water in the lock will be maintaineu isy the Luovernfoent within a
rong* of 'e foet of the levels requested by tie Lorstractor to facilitate his
Operations at any time wMer wOrk iiig in Thor lock criamoer. lThe 6overnment will very,
the water level in the lock Chamer at mviimum Intervals of 'J feet. lhr Lontractor
Shall notify tovernment personnel at least :e hours. in aovsnce of ar"Y need for an
adjustment iro water level in tne lock and it least -4d hour$ in ailvanCe of the neu to
lower the water level tieio. the talmkster level. ishen tre water level in the locks IS
to be mairntained at an elevation oelom tallateP level, the oiffereMce In water
levels $hall be at least I feet and the Loni ractor Shall furnisi personnel to ovorsto

3 111. 79DECI8
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uovoertinrt ous to Cu,,inousIly cOntrol ie.kage so that tie ditferencO In %tar

leels -ee,-i to seatf tie un.dtePinJ ooulkheo.1 18 Maintaineo. The Government will
reQ,.ire c, h.rs to prTc-. the .or- req.areo to unwate or rawatep the lock. The

Lot tr04.tor ,h.,l ISneoie hIS oLteratin," so that the ,POvornment will have time to

*ertur, Jny ,n aterl.. r1 re.4telrinq of the novtjtiOl lock without O*tenoing the
It ? etla e-1 I r ) tc .) a 0- tP r i, o .

0"e , t .l .s , ndtatns access across the dam to the public using

,reft we, IC h Cli urljlr, the ta o- inu hour *erioas Uurinq the year:

I'S~ t Am t o IV FM
.- .- r dnd.t I -*r . 0 AM to 0 pM

er t~r Ir A 0- to t ION
r~ 'Ii r.) I b Am to 8 Pm

I1,e L r nra I I atrarnje nis ort6 Scfliu)les anU overattons On thO navigation lock

.et. tc . . clear single lAne #CCS of S4-foot ljUth through his work areas to
dil U. I utc .J(€hss -. r, the alove Iisted Puvl iC access period* ano to @llow aCCesS

L t, rr. ehic PS t all I ics.

t.( _ j.jj i the lock iay I'e used &LIJ for seCurln f loalting plant In

sIJtCe thtry r. I ',Ct Le usea for .iMChnW Or moving of floattng Plant.

0 pruject-u:.Irti f ecI eAardnC- i.roceu'ure ll 0e in etfect during the contract

sorb0,. ., I I er t c" of electricIl switches an: mehanicel vlv e shall be
Covr*iinat, til,L -v th~e Lor~traCtinqJ officer's Representative with the clam Operation$'

0 t1 iLo e

l"t, Lunt,..lor $all i1,stalI 0 setisfaLtory ,eons of communication such sea
te;lelnor.r 0r other reli4tie CummuniCation jeviCe bletugef, the navigation lock upper
O)CL. dr1l tr(e -ork area 1,, the locx Chemrer. The Contracting Ufficer or any inspector

ShAll ,e rv.iea ume of the comnurication uevic* at any time upon request.

eae
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Serial No. DACW,8-80-B-0018

TECHNICAL PROVISIONS

SECTION 1C

MEASUREMENT AND PAYMENT

1. GENERAL. In each instance the contract price for an Item
shall constitute full compensation for furnishing all plant, labor,

equipment, and materials and performing all operations required to
complete the work included in the item as hereinafter specified,

as shown on the drawings, or as otherwise approved.

2. MOBILIZATION AND PREPARATORY WORK will be measured for
payment as a complete pay item (job) in accordance with paragraph

SP-28 of the SPECIAL PROVISIONS. Payment will be made at the
applicable contract lump-sum price for Item No. 1, "Mobilization and
preparatory work," which price and payment shall be full compensation
for mobilizing all necessary equipment at the site and performing any
necessary preparatory work, including test panels, for performance of

the concrete repair at the lock structure, as specified and approved.

3. LOCK WALL SURFACE COATING. The surface coating of the lock
wall concrete surface will be measured for payment as a complete pay
item (job). Payment will be made at the contract lump-sum price

for Item No. 2, "Surface coating," which price and payment shall be
full compensation for furnishing all required materials, equipment,

and labor for installation of the specified surface coating, including
surface preparation and painting stripes, all as specified and

approved.
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Serial I.*. uACh.-S--00l6

ILhLNICAL I'NUVISJUNS

bELIIUri SA

SUHFALL LUAIING

1. S~uPC Uf oukot.

The -Ork Covered by this section consists of furnishing all material and
eQuioment, and performiny all labor for the preperation, proportioning, and
application of a shotcrete costing to the interior wall surface of the navigation
lock. Common terminology that has developed refers to the spacialiled shotcrete
Coating as the *sry-on* or lsprey-up* process. The Coating System specified herein
shall ce applieo to all concrete surfaces (except as noted below) of the navigation
lock walls within the lock chamber, extending from the level of the roadway deck down
to the Construction lift joint at elevation 435.0. Shotcrete coating sholLnot be_
applied to the concrete surfaces of the upper aill, bri go upstream end downStream
lift gate recesses, mooring "bite tresi a - i -- i-Fb-" recesses, end tha ca06le
g~ardS at mognOlI/~ 7nO 7 nTtfl eoarat~oq"-sy surfaces to receive ghotCrste
may be performed at any time between lockage* and during the Scheduled lock closure

periods as specified in paragraph SV1.3 of the SPECIAL PWUVISIUNS. Application of
the ShotCrete coating shall be performed only during the above spacifed lock closure
period%.

. GE.LRAL.

the lock well surface is dateriorating through failure of the mortar portion of
the Concrete. This Is primarily the result of freezing and thawing while the mortar
is saturated. The surface coating to be applied under this Contract will protect the
existing concrete from further deterioration. However, the Coating materiel janal be
properly mixed end applied and hA£LI be aeplied only after the existing surface hee
been thoroughly prepared and cleanede Previous laboratory and field tests at Lower
Monumental have demonstrated the quality and practicality of doing this work under
construction contract. Proper and thorughadvnd;edllnning end eaperatione. are an

eseantial peart of theContractor'soperations to inur e that-e Ustutface Costing work
f onpletep___As opeGjfC dj_ parfreph 5P1.1 of the 3PECIAL PROVISIONS because no
aditional work time Will bc¢_lowd.. A detailed and extensive report concerning
test results and observatione made during application of the materiel to a trial area
under a construction contract during 197b has been prepared for the Government by a
consultant. It includes photographs, details of production rates, problems with
various construction techniques, etc. This report is availeble (one per bidder) upon
written request.

3. CL'.UUCT UF NUNK.

rftfLtLn_LJD days after the date of receipt by him of notice, to__p o t0A___kL
Lontractor shl. su.bmit for revijew adetsiled plan.Of oferet on At a minimum the
plan shell include the number and size o crews, houri per sliTt and number of
shifts. tvol and layout of p1enan_en _____ to_ _ e_ce f__ ope__ .t____f____"th
aurfa~e or glaratinn &no anallgetion of sftDOL-l uoaung,

The Cnnt, tr ah,1uL t gomota work schedule of proposedwqkk progratos by

ot later then 10 dayS after receipt by im, of notice to proceed. The work schodule
shall be proper.; and submitted in accordance with CLAUNI rROGRESS CHART$ AND
RLWUIREMN13 FON UVERTIME NURK of the GENERAL PROVISIONS and shell be in the form of
I bar chart or critical bath. As a minimum the schedule shell identify major items

a of work, show duration end dates of work Items, show float time, and indicate any e
interaction with Government work being performed during the contract period. The
Schedule shell include the itoms of work listed below under parearehll saamenga
IMP.
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The Contractor &hall %CheUule his opereiona I n .CC e ItC ..' t -IfP 10 1 In.
SOCI~elCS Of work. It- work sequence, l.Ven Dslow It .ntf Ue0 to v-rlty tc hpi
Governm~ent that the Contractor will be rety to Perform It 5 rt iCv 're. eet'u, 4"o
Coating aOPpliCation during the SCheduled lock Closure Imr'c'us.

I1) Ieal-ttagSIi. A t least 10 days p'rior to tne Schrijul,3 e,4-o Cu lock C joilre
on 10 March, the Contractor %hall Oemonatrete his eathous of surfece sI~oaratiofl 49
specified in peragrapht EL2njAgn"LLLQ ana construct sproy-ui tcst r,'Cs d,
specif'ied in peregraphi tn aoc a.~~

(2) C ILAQJcUnttM.LLL g. urn n the 246hour I ocOk CI O$.,#
Period On 10 March the Contractor shell perform surisc* ipreiarstion, andO &p.Iy
fiberglass fiber reinforced Sprey-up costing maeteriel to the Interior lock .. J
between the Construction lift joint@ at elevation 5U45.0 and the road-a, deck level.
This work Shall be a full scale tast af the Lontractorao plan of oi.eratiton. hor. ,ot
Completed during this time shall Do completed during the 3-week lock Closure banioed.

(3) raL ±-AQ11Xao- AJ X-laAia-1 All reQul rea 9PsV-v cost in.g
applications on the interior lock wells shall be Performed during the 3-.Cak l)CC.
Closure period as specified in paragraph 3P-1.3 of the 3PLCIAL VRiuV1S1LNh'.

4. APPLICAUILL PUBLICATIUIS.

The following publications of the issues litteo below, but referred to thereafter '
by basic designation only, form a part of this specification to the extent Indicated
by the references theratot

AC) 506-bb Recommended Practice for Shotcrtgl.

G 150-78a Portland Cement.

C 173-74 Air Content of f reshly Mixed Concrete by tme
Volumetric Method.

C Z31-78 Air Content of Fresthly Mixed Concrete by the
Pressure Method.

C 49l479 Chemical Admixture% for Concrete.

C 685-78 Concrete made by Volumxetric batching and Continuous
Minsing.

S. MATLRIAL3.

5.1 fieaa..

.J!eqU~jfpd__S.ugntitie* of th peiid. a Pproved materials as required to
A!C!91 a the comolete aorey-up cst in wok ihll be on the Joosite Prior to 10 March.
Cue to the Joao tie* required for manufactin endi transporting of the Fertine-tor
opeciffed-altaz and liberal*@# meterIslet the Contractor shall suahiLLLLC"_zS
$0 the ContraCtina Officer Indicatin thataxj~j Sn -as&.~.

-4 s'eaalt by him of noi~~oa~.materials shall be protected at all tires
to Prevent demaga, contamination# and frovaing.

5.2Leg.

Cemesint shell confrmt SMC10 Tye1o .loal liinudn bla
step reuireent. Th Cotracor hall proida Suitable COO nt Certificates

showinrg that the chemical and physical Propertis of cement delivered to the jobaite
vet specified requirements. The temperature of the cement ahal-l be olo"
150 degrees F. St the time it isb used. Cement shall be used within 6 months of the
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uat. of C.O Irnt t-lI has teen hPoled to moisture, Contin& lump@* Or
triwt 1. sipled to the ob site in opr d paCkages shll be removed from the project
aeo not used$ iii this Ork.

Admixturee sh.1ll conform to A510 C 494, Type 6 or Type D. Air-entraining

a&aerLjxAi .. *L_0_& .t acelerators shelI not te useu. It hallI be the Contractor'.
restions|Oility to be certain thatny-*dflu-xt-ueu shell be competible with the

cement end 1ree.

Reter shall e clean and free from 1njurtos chemiCels. Poteble wter may be
used.

h e Saran Cement Modifier SN formulation Containing approlimetely

SU percent 901105 with en entilfemlng aug'itive" vil'ile from 0Dw Chemicel with a
sales office in dellevue, FA, TelephoneS (206)455-7250, Mr. Voug Weed. .J9_
A"&Ll Sttuli fa. the latex material wgi)l bt ajljve4. Several years of extensive end

time consuming tests have elreeoy been Conducted on mixes containing latex
formijiations eQuivelent to the one specified, end the Government would require more
time than the contract period allows In order to approve a substitute material.

S *o L JL= a..LbLcA .

F !Iaa slbemingle-etrana, *ultiple-fileaent, olkali-reseitant fiberoess for

usqe in cement coatings amPrduced ralmn onn lbrla oonT ids@
Toer, Toledo, UH 43659, teephone " (419)248-8832, Mr. ". J. Molloy. The fiber
length for the mprey-uP coatirg shall be approximetely 3 to 4 inches. _,A2
3"AlJgl~ ina for the fibers will be ollowe- The Government hes already conducted

several years of long end extensive tests with mixes using the specified fibers# and
more time then the contract perioO ellows would be required for approval of a
substitute materiel. Acquisition of this material Is subject to conditions Imposed

by Uwens Corning. it shall be the Contrector's responsibility to satisfy the
condltons of Purchase of this material.

5.7 gg*s.

Only fine aggregete will be used for the shotcrets six. The aggregejLJLL.e
obtained from the 6overnment-owned Stockpile just upetream of the dam et the location
inoicateO on the drawinga. The aggregate is 100 percent meanufactured end washed
material produced from larger gravel* and stockpiles aeveral years ago. Typical
gradet~ona of the stockpiled materlal as they were tested lost year and used in a
small spry-uo trial ar. listed at the end of this paragraph. Frozen lumps, organic
material, oversized rock and other foreign material shall be removed from the
aggregate before it is useO. The Contractor may elect to acreen off the coarmer
material enl use only that aggregate which i finer then either the ho. 4 or No. a
gieve. The Coitractor ahall perform any required processing of Government-furnished

aggregate &.rior to the start of aprey-up coating application. Subject to aoDraval by

the ContraCtin9 Ufficgr'* Representative, the Contractor may substitute for the
6overnment-furnished aggregate a prepackaged ailice aand typTci1iy Td--Ts'-e "rey--
- *.'t,.ApdiijtjAn& and furished by en e7tblish-ed-u 7----.

Sieve Doelignetion U. 3.

3/6 in. (9.5mm) 100
No. 4 ( .75m) 99

No. a (2.360m) 88
ho. 16 (|Im)63

NO. 30 (0.60me) 36
No. SO (0.30m) 19
No. 100 c. lSmm) 9
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6. COAIING FUkMULATILJt.

The formulation for the sprey-up coating saell t's as Viven Uelo.. MInor
variations may be approved or directed by the Contracting uffticerfs Neprelentetive In
the field to fit specific conditions exliting at the time Of placement. l es*
variations are primarily intended to take Into acCOunt moisture variations O.e to
evaporation and the degree of moisture in the aggregate. They ney also oe uses to
adjust for astuel specific gravities of the aggregate used ono to Provide the proper
admixture effects. A change tO different cements or a special cement such af
Type III or Type K mill be approved only If the Quality of the finish product will be
at least that which would have been achieved with the specified cement# end only If
the Proposed cement has demonstrated its Properties end performance for the same type
of applications in the poet. It will be the Contractor's responsibility to Jocufent
such a proposel in writing. Approval to subject to the Lontracting utficer's
evaluation and in not guaranteed.

Peter 2
Cement 1720
Fibers 117
LatexSa
Fine Agyrega

t
e) 8b0

".N.A. of) 75

l. 1Fine aggregate batch weights shell be adjusted for moisture and specific

gravity.

2 The dosage of fht.A. may very Considerably depending On the source &no

concentration.

7. SURFACE PREPARA71ON.

7.1 figittl.

Prior to applying the oprgy-up toetIng, thesurface shall be prebereo byrerovi
all loose. unsound, and friablo materiel end by eeovi;g eli surface contaimnents
Such *8 dust, al't, old curing Compound organic growth, etc. The turrone of
ePPlyIng the coating is to prevent cotn e-d-Tfe-r ion- -' the mortar portion of
the Concrete. Due to the deterioration that has occurred to date, much of the mortar

in very Poore crumbly, end friable. LI of this unsound material shell be .amalLitu
pamovag Prior to application of the coating. however, the Contractor -ill nn ..
reaulead in remus unsound motorial ta dsmth8g tee tn .-nhea from I'
.Ejlae.JJy_ .oymi q-.tLL I .Lsijc4. It aS espected that the average depth of
removel of deteriorated materil will be from 1/8 Inch to 3/8 inch as measured from
the existing surfece. A cleaning method or Combination of methods that safely end
thoroughly performs this cleaning without undercutting exposed aggregate is reouireo.
The Procedure used will be .ubeqt to the approval of the Contracting Ufticer after a
field demonstration. Some poeeble cleaning procedfre, aro hi h-Zresure ;;teijet,
ai r-water cutting, sandblastinge mechanical brushes, or a Combination of these. In
addition, some manual cleaning may be necessary with pneumatic Chipping guna,
bushhemmers, and hand toole. Satisfactory measures Shell be taken to protect the
aspOced ourfaces of embedded metel, the painted surface, of the lift 6ates, and the
etoff gauge0 from damage caused by the Contrectore operetionso If a locka e occur,
between the time that Surface Preparation is Completed ano the time that the coating
as to be applied# the surface shall be hosed down with wash water end the surface

shell air dry paet the point that there IS no free surface moisture prior to
application of the coating. The Contractor may do the majority of surface
preparation between lockagee well In advance of the shotcrete Coating application
date. however. a final cleaning during the lock outage period end Just Prior to the
actual application of spray-up materials shall be necessary. Acceptance of surface
Preparation will be determined by the Contracting Ufficer's Representative at the
time of application.

3 R1, 7gglcla

EXHIBIT 5
I tem 5

Page 4 of 12



F " --

1.i.1 A1L:Lc iL(._Liib[.

kir-water Cutting st~all te performe *ith an air-meter Jet to expose cleon, sound

u~regte# but not so as to un'IerCUt the eages of the lerger paerticls of aggreate.
Ir air pressure used in the jet shall be at least 200 p.s.i, and the water Pressure
snall be just sufficient to bring the water into effective influence of the air

pressure. After cutting# the surface shall be washed and rinsed until there Is no
trace Of clouuiness In the wash water. nhere necessary to remove accumulated
coatings, steins and debris, wet sandblasting may be required as the lost oPeration
before placing the spray-up coating.

7 * *2 oaJ. -r.jaI*rease.

A stream of weter under a pressure of not less then 6#500 ps.e,* may be used for

cleaning, eacept that if the pressure is found to cause undercutting and to remove
excessive materials, the Contracting Ufficer's Representative will direct that the
pressure be reOuCed. If the water let is incapable of satisfactory cleaning end it

is not undercutting aggregates, the pressure shell be Increased or a supplemental

method of cleaning shell also be used. The water Jet equipment shall have & roted
capacity of at least 10,000 p.s.i.

-.et sandblasting shell be continued until unsound material is removed and until
all coatings, stains, Ono debris are removed. The surface of the Concrete shall then

Cbe waSheo thoroughly to remove all loose materiel. Sand omitted under high pressure
from tlasting nozzles shelt g2L make direct contact on any metal surfaces.
Protective measures shell be taken such as Covering the surfaces with plywood or
other aoproved methods in order to comply with this requirement. Spent blasting send
shell be prevented from orifting end lending on machinery and on the gresee-coatod
cables which operate the lift gates,

"echenical cleaning of the concrete surface by means of special Power-driven large
wire brushes or abraders designed for that purpose will be allowed if they remove
unsouno material *no it they remove oil coatings, stains, end oebris without
fracturing &nd dislodging large aggregate. Abrading In more then one direction will
probably be necessary In order to do a satisfactory Job. After brushing, the surface
shell oe .aohe thoroughly to remove all loose material, dust. end debris.

7. 1 .5 ~~.Ma~La~
lhe Contractor shall demonstrate its ability to meet speScitetion requirements

for surface Preparation. The field oemonstration shell be performed on a minimum
5U-scuare foot area of existing concrete within the lock Chamber that will later
receive sproy-up coating. The oemonstration shell be performed at approximately
elevation S30.0 at a location selected by the Contracting Officer's Repreaentative.
Demonstration of surface preparation shall be performed in the presence of the
Contracting Ufficer's kepresentetive. The Contracting Officer shall be notified et
least 7 days in advance of the day the Contractor select* to perform the field
oemonetration so that the Government can make proper arrangement* to provide the
ContraCtor a maximum of 4 hours undisturbed use of the lock.

The Government has observed various cleaning teChniqueea method*# eno equipment
used to remove unsouno loose, end triable materiels from the deteriorated lock woll
surface. These include previous contractor efforts, specific trials done under
purchase order, end first-hand experience by Governnent personnel. The following
comments are a brief summery of what has been observed. They Ore mae for general
bacxgrouno Information only. They Shall not be construed as an endorsement or
disepprovel of any equipment or cleaning methods. They represent an opinion bated on
limited experience but ere offered here so thet the Contractor has the benefit of all
Information available to the Uovernment.

(1) At-ewater cutting at low pressures (approximately 70 P.*.1.) will remove
only some of the loose friable materials.
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(2) Pony gross have aggreustes typically 1-1/a to)S inch in size t"at p.rotr de
out up to about 1/4 Inch post the depth of uoteriorstedi CorCreteo thes~e ore &),.oat
always tightly bonded and 00 not need to be removed,

(3) high-pressure water jet equirco'ent Capable Of pre3s.,reg UP to
10,000 p.s.l. can remove t all of the unsound friable materialS. the Oajority 01
It comea.off very roodiLy-

(4e) Light sandblasting wee relatively ineffective In removing Wl necessary
materiel.

(5) Air-opereted wire-brushing ectuiy-ent easily powers out when pressed tiuhtly
enough to the well to gouge between a.pooeo aggregate. It is suitable for buffing
off dried algae, and surface contaminants.

(6) The rotary type of hand-hoe and air-operated mechanical abrader removes
unsound materials eatiefaCtiorily if enough air ie available to power it, and until
large aggregate IS exposed. It it difficult to work over large sggtmuate Piece& to
effectively remove unsound materials between thee.

(7) Unsound materials Can often be pried, chipped, or picked off of the surface
In about the lower two-thirds of the lock well using chisels, scraworivers, and
hamers. Sometimes the material ton be peeled off with bare hand and fingers. It
typically will fall off in pieces about 1/8 to 1/4 inch thick and Ile- to IS-sousre
inChes in area. Exposed large aggregate is loft vehino. Additional cleaning between
the aggregate is sometimes necessary.

The surface of monolith 9 has been Coated with various types of spray-up coat invs
under a previous contract. Poirtions of these coatings have &*cam* seoreted from the
lock well and shell be removed before the new coating Is applied. The surface of
monolith 9 wee divided into six *Quol width test Panels. Two of the panels were
constructed of conventional ohotcrate. Four of the test Panels were Constructed of
fiberglass reinforced ahotcrate (two with latex additive). It may be difficult to
remove the loose Portions of these coatings. The meterisa have hicihflexural
strength and toughness. Even though they could be totally deabonded in sor, areas.
they will hold tightly to the bonded material surrounding thee. All uribongea
.jttori..ghVII be removed and the _b adld paterfal Eav rjjj n i jjj After removal

of the unbonded coating areas, the entire Surface of monolith 9 Shell Do cleaned end
costed with the epray-up material.

7.*2.2 ia~a.~azn.~a.n.Zn.a

The existing sprey-up panels on monolith 9 have been core orfiled at ek, locations.
J~crj..~9jjj9.J n hes in oiameter and 6 to 10 Inchs in depth and aheil be_

CLOAo.ASL~dfIJ.jg .by dev-oaclIta wJ3.bqfjOp gkgJLjtu before jjje a&rea iscoeto_
with #ha ..prw.9sZ JJ

7.3 UsAu 08.L..&aLa.QLt18.

Concrete, grout. and/or epoxy mortar Patches cover the *nde of Prestreasing rods
installed in monoliths S *nd be A contract in 1978 repaired most of the deteriorated
patches by removing unsound material eno sealing or replacing them with epoxy mortar.
All uound materiel Shl bI removed from deteriorating Patches. "hen the remo)va.l

Of noudmT1lecdsITrich1 di ~ h1 b .tbckwt r at
shtrto nser mortar. lhotoirephe on twa paiirwrn
patches.

7.*4 .Lj.g.esnL..Lg.

A yetllow strip of epoxy paint io loCataa on both ends of the interior face of the
lock's South well. The 6-foot wide vertical stripes extend from the top of the
parapet well to tafiwetor level. the portion of the painted Strips below the level
of the roadway deock Shall Peceive surface preparation as opecifieo for concrete

surfaCes and all loose paint and point bonded to unsound material Shell be removed.
Paint which Is tightly bonded to sound material may remain in olac* ano the spray-up

3 I,. 79=1111

EXHIBIT 5
I tem 5

Page 6 of 12



COutirgy -ateriol shall It applied over It. stripes @hall us repainted as specifiedi
In parauraph: SIPLALL F011.1 SYitIPLS.

te and -ash .ater from surface ;reparat ions of the lock .ci I shall Do
control le " to .r~imii .Ithe a moun t of material that enter* the lack chambeSr. The
Lontrdctor *hall provide a Catch or trough at the base of the aea being Cleaned to
trap material tbeing removed, w.aste water, and send from Sandblasting operetions. The
trough shell extend out into the lock chamrber at least 6 feet from the lock face,
shall have at least e feet of freeboard above the too of debris accumulations In it,
Shall Provide for drainage through a screen for any wash water, and shell extend at

les feet in the upstream and downstream directions past the area beifng Cleaned.
CollectedodebriS shall be disposed of at the waSte disposal area indicated on the
orawings.

0. APPLICATIUNt UP SPRAY-UP MATLEfIALS.

5.1 fzAQecj±.1A.jk

Ins surfaces to receive spray-up) coatings shall be proeaad Oa specified in
paragraphs SURFACL PRLPA4A710h'. The preverod areas shall 3 *it _S6A
requ1rssqtpr_§..MR!sstewithn 4 weeks aifter itis re~aretion. In addition, if the
prepared surface has gone through a lockage Since final shn down after complet ion of
the preparation, It shall be rewaahed prior to the application. The Surface shall be
orainea and without visible free Surface water, at the time the coatings are applied.
A 'saturated surface dry Condiition

m 
or drier to reQuired). tslowing with Compressed

atir to fac iIItote dry Ing may be requi red to obtei n thisa condit ion. The surface to
receive the spray-up Coating shall not have bean inundated by water in the lock
within 6 hours prior to applying the coating.

the use of fiberglass fibers in 'aprav-up" applications 14 relatively news but, It
is an accepted, common, and Standard Procedure in Some partsi of the Country. The
addition of latex to the Process as one further refinement. Two sources of
Information concerning the Process end ites application apot (1) Bud Molloy,
Reinforced Cement Marketing Uivillionr, Uwena Corning Fiberglass, Fiberglass Tower ES,
Toleco, Untio 43o59, Telephones (419)2468-8832 and (2) 6laa-Con Inc., General
LontractOrS, 9320 James Ave. Soiuth, Minneapolis, Minnota 55431,
Telephone: (612)581-5887. These references have given permission to list their name.

assu ae of asistanco an geea nformaton Howevr anya exchange of
info,rmainc twe h Loacto ~nd thes sources is strIcl between the two
parties and should not be construed to be a part of this contract,

13.3 h&Lig &DO-Ma ~ a

8.3.1 fisaALSL.

The Contractor shell provide an on-site dependable batch-type mixing Plant and/or
volumetric batching and continuous mixing plant. The equipment shall be Capable of

acombining the aggregate, cement, admixture, latex, end water into a uniform mixture a
and of discharging this mixture without segregation. Adequate facilities shell be
provided for tne accurate measurement and control of each of the materials entering
the Shotcrete. The complete plant &assembly Shell Include provisions to facilitate
the inspection of all oiperationis at all times. The Contractor Shell have available
at the jobaft eny required standby 02imet spere 114te 00 s.p~e n~ceasary. j
Jjyfjb~jtakgg.jflft from1 cauingl axceasiva

0.3.2 AazAJL9Za.

An accurate Syetem for meesuring and diapenefing the admixture Sall be provided.
live System shall include a device viaile to the plant operator which will detect and
indicate the presence or absence of flow of the admixture, or there Shell be provided
a convenient means for the plant operator to visually observe the admixture, In the
proceas of being batched or discharged. A graduated beaker or flask may be used to
measuree:ndh batch the adixture forulal (es than A-cubi, foot) batches.

AItur all be aded to Ith m 111 mu0ta:nouy with It wotr.
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U.S.5 n C U J & LZ1.12 a- 11 A Ba

The botching *nd kmixing plant for ShotCrete Shall provide *epardte Line or
acompartments for aggregat, and cement. The comPertments shell Le ofi ample size 4nd

so Constructed that the materials -i11 be maintalhoo separated vu~oer oil xUrxjnW
coritions. Cement shall De weighed whether on & Separate scale or Cw'laltively .ith 0
the aggregate In a separate Compartment attached to the augregete .eighing hou.1,er.
If cement is weighed on the be.* scale on the aggregates, the cement *hall C welireo
firat Ono oil hoppers shell be empty end the Scale shall be in balance Lefore the
.eighing is begun, Cement may be batched vy full c~age assuming that one bag equals
94 pounds. meter and latex may be measured by weight or by volume. Latex must Ve
thoroughly mixed biefore and during the time any crum of it Is used. 111 rot kept
agitated by thorough initial mixing and periodic stirring afterwards, the solids
Portion and anti-foaming agent may @operate from tha weter in the Haend. If measured
by weight it shall not be weighed Cumulatively with any other ingrrdient. The plant
shall be arranged to facilitate the inspection Of all operation$ at all ti~es.
Facilities shall be provided for readjily obtaining representative samples of
aggregate from each of the bin* or compartments. Uelivery of vasterials from the
batching equipment sell be within the follo-ing limits of accuracy for each
materiall

Cement II
%sar 'a
Aggregate6
Admixture 6

Latex '6
a Fibers 7a

If volume Proportioning plant Is eploved, devices such as counters, calibrated
gate openings, end/or flow meter$ shell O avoilsole for controlling and Getenmiming
the quantities of the ingredients discharged. In operation, the entire measuring and
dispensing mechaniem must product the specified Proportions of each ingreciient. All
indicating devices that bear on the accuracy of proportioning ano mixing of onotcrete
shall be In full vie. and near enough to be reed by the operator while concrete is
being produced. The operator Shall have convenient access to all controls. The
proportioning and indicating devices shell be individually chocked by following the
equipment manufacturer's recommendetion$ as related to each individual shotcrete
batching and mixing unit. AdeQuate standardl volume measures# scales, and weights
Shall bo made aveilable for Checking the accuracy of the proportioning mechenism.
Tolerances for volumetric batching shall Do the Same so they are for weigh batcming.
Continuous mixer*sehall be an auger-type miser or any other type saitable for mixing
ehotcrete Of the mix prop~ortionia given to meet the required Consistency &nd
uniforeity requirements. Each batching or mixing unit, or both, shell carry in a
prominent Place a metal plate or Plates on which are plainly markedj the gross volume
of the unit in terms of mixed shotCrete, discharge speed, and the weight-calibrateo
Constant of the machine in terse of a revolution counter or other output indicator.
The mixer Shell produce a thoroughly mixed and uniform shotcrete. Ihe b~atcherweIser
unit Shall Contain In separate Coepartments all the necessary ingredients needed for
the manufacture of the shotcreto. The unit shell be equipped with calibreteo
proportioning devices to very the mix proportions,

8.3. * S jAj~ma

Fibers of dffeorent types have been successfully added to shotcreta by a number of
different techniques. The Government has had experience in these proCedures. lhe
actual Procedure used shell be determined by the Contractor and shall Ac* his
reponeibility. The opoedure usedo shall be setitfectorily, demonstrated in the fild

*.b~ m .,.,,n...94n f ~rtdnnm is n.rnti- fibers for the spray-up
Process have been successfully added at the notala by Chopping thee from a reel of
Continuous Strand while Simultsneouly Spraying the sorter. Procedures for fiber
addition at the nozzle ehell be Such that the fibers Or* uniformly distributed
throughout the mortar matrix without Isolated Concentrations or holidays. If the
Contractor proposes to add the fiber@ to a dry or wet mix during the batching end
mixing or delivery process, the Contractor eust devise equipment and techniques that
will Prevent any fiber clumps froe entering the lines &no must prevent the individual
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fis, Ie t pf tn t-e fIrr aA sraI frO- 6(Veretfng. Fibers Shell not be aoed to
4"y Jry Or .Pt ml aat a ' ,e 1.au r Iran they con to ulenoeo .It h the other

in r~eui ts without form-). talls or CluvpS. ulk fit,ers that have & tendency to

t-Wle tojether shall pass thrcuh a ojotributor Or be carefully Sfteo into the mix

Su that they enter It as InoivIdul eIlewnti and not aS clumps. UIIfficulties have
teen erCountered in the PaSt .Pe att.,'-ting to bad fitberglass fibers into a

Co,lventiOnal shotcrete process.

ACcumulations of lumpt and hardenea materials In the mixing and delivery equipment
. i not ue Lerhritteo. After completiun of mixing, the mix shall be metered irto a

oelivery nose and conveyed Ly compresseO air or a pump to the nozzle, the compressor
or puvp shaill e ca;at ie of providing Sufficient nozzle velocity for adequate

comuaction Of the shotCrete at all elevations of operation that may be reouired.

.,hen necessary a LI10--by pite ahol be provied for cleaning the surface and cleaning

a-ay reoOund.

ACcumulotion. of hardeneo materials in the mixing end delivery equipment will not

ue Permitteo. )he moisture content of the ond shall be much that Clumping of the

'Ury" mix aoes not occur ano so that the mix wi11 flow through the aelivery hoae at a

uniform rate without slugs. Ury-mix oelivery equipment shell be of design and size

.hILh has Wlven good results in similar wOrk. It shell De capable of Oelivering the

preniosd materials accuratelyp unifornly and continuously through the delivery hose

at a velocity of 300 to 4UO feet per second. The discharge nozzle shell be equipped
with a manually operated water injection system (water ring) for directing an even

d1atributIon of star through the delivereo mixture. The water nozzle Shell be

capable of ready adjutment. The air cOeressor shall be capable of maintaining a
Supply of clean, dry air adequate for maintaining sufficient nozzle velocity for all
parta of the work and for the aimullaneous operation of * blow pipe for cleaning away
rebound. Application of fiberglass reinforced shotcrete through the dry mix process
as, at best, had marginal success in the past. Uie of latex in the mix further

complicates the problem. It Could be handled through a Separate ".ater" ring at the
nozzle. Uespite past difficulties with this method of application for glass-fiber
mixeS, it can be much fister ano more econolcal then the spray-up method.
Tnerefore, if the Contractor can adeouately demonstrote a special dry-mis delivery
metnoo that con evenly mix and apply the specified Coating formulation and obtain the
same Quality resulte as the tnoard method of application the Contracting Officer
will approve its use.

4. AhPL AlInn..

Ihe spray-up coating shall be placed only by operators skilled in this type of
.ark using the same kind of equipment to be used by the Contractor. Eech foremen
shall have had at least 2 years experience as e shotCrete nozglemfan At least I-n nf
the nozzlemen ahall have served at a.on similar
a'ppl'ce--lons with the some type of equipment vo ba u&&Aa All other nozzlemen Shell
have had at least 2 weeks of 'handS-on' training ane 5hill have demonatrateo a *kill
in application. At least 5 days prior to construction of test penale the C QDn.L."L
shall auOmit written documentation inlicatino where Ond when each nozzleg1..lQ_
foremen Opened hie ep erience and training in applying coatin a similar to the
auray-uP coating 0pec fled herein." IS

Lech 2,rAY-uD lacing craw shell 1d:111A0t rLAL thai" ability to perform
saetiasectorily and to apply Coetings of the required quality by placement Of test
panels. the test panels will be evaluated by the Government on the basri of relative
strength, thicknesa, fiber distribution, etc. One altisfgctkry teat panel shot In a
w..tiral .naiyinn shill he the mlnimum..gjj.cet.on.3est for each crew before it is
permitted to aooly spray-up coatins in eereenent construction. The test panel
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silIac Cent she I ba -edii against a ply-ood surfae. at least 9-s~juaro feet in ,reo
provided by the Contractor. All test panels *hall be -ad@ in the &,8tIc P Q(.a0f I t
Contracting UfficterS iNearesentet lye.

9.2.1 liamoLL.

The spray-up coating shall be applied by holding the motile at such a distance end
Position that the stream of flow material Shall i'.pintie as nearly as pCo5iole at
right angles to the surface being COVered to produce a spreading efftect over a s-all
area. The velocity of discharge from the noiglo, the Jiatance of the nottle froo. the
face, and the amount of water used shall be regulated to produce a Jensa coating,
without sloughing. The work Platform from which the Crew is applying the coating
shall be wide enough to allow the nozzle to be hold the proper distance from the lock
well. Rebounding material shall be removed from the work area end disposed of at theo
waste oisposal area. The costing shell have a minimum thickness Of 3/8 inch 

m
easured

~qe th lckwall surface exiating after sUriFe preparation. The Contractor Shall
provide a method of poi thicikness has been
obtained and the thickness shall be Continually checked during application of the
coating. line method of doing this is through the use of probies stabbed into the min
Immediately after application. Tha Government reserves the riubt to Saw or core
random aes from in-place shotcrete for tasting and to verify the reQuired
thickness. .AnaiifeJDJ1 ?i ~oc~tn fo eu oa o
enat Ptebkrl~t~.J a. ud.~c~hrqmm minimuom-th icknesIL

The fiberglass fiber reinforced *pray-up material shell be applied in layer@ In
order to obtain the required thickness. The first layer .ill of e hnmrtrca
.p.ppJ1iqd__tBout fibers and Irse Into the well surface where necessary to insure
complete contact with the eieT ncee ufae Tee fiber reinforced oiureyu.
Costing Shell than be 4piied'in at lgest four success ae layeal Each layer shell
be ralled with a device similar to a aerrated Paint roller havey a hard surface in
order to denaify and smooth the surface. tEch auccessive layer shell be applied
before the expiration of the milk Sot time. All coating application workShjJ
ksi o fl -l.j.~te~o ack - U dL.o..LJa a *aMeao...ha

9.3 1.ift.4otn±.

The Contractor may fill the chamfers, at the existing horizontal construction lift
joints with an approved method such as dry pack 50 that the Joinits are flush With the
lock wall surfae before applying the aurface coating, It will be acceptable to
leaves the chamfered lift joints as is, Without filling them, end only cover the lift
jointem with the required thickness coating @a long as en acceptable quality, Of
application can be achieved.

9.*4 11iaa.LL&1a..LS.

The *Prey-up Costing shall be discontinuous ecPoS each vertical MOnolith joint ty
using a sheetmetal or thin Plywood Daffle or other approved method to maintain
existing joint width&. The Contractor ehall submit for approval his tned mho
gtJitiga heofh on*

10. CURING AND PROTECTIUN.

10.1 CLLfLM.

All 0,lcaiu rfaoeaasalbshaod.iad .~d i9*. ,an

Curing shell be occompliaed by leavin1the com or aepsWo 1 amo
keeping coatings dry from all forme of moisture, including Poin, as required oy
protecting with an approved cover throughout the entire Cure period.

3 R2, 79DEC203
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LoateJ swr.ce.s *roll 1,r irotected at all time* from Oomae of any kind oue to the

L'"traCtOr's .Ctivitles thro-4~hout the Ouration of this Contract. Ine Contractor

.11 nct be responsible for any oa.e adO coatings raused by boat traffic# other thin
h13 o.n, when the loCt is in service.

I I kLPLALL P41,.1 SiI PI.S.

the 0-foot .1de yellow point stripes which were covered with spray-up Costing
ateriel shall Ue repainteo in their original locations. Stripes shall oe pointed

-ft'i two coats of paint from the toP of the parapet wall to tailwater level at
elevation )QOU.

Paint Shill V* t.O-cotmonent epoxy-polyimide point capable of secono cost
application within hours of first cost application. Physicsl and chemical
properties of Paint shall remain unaffected when totally immorSed in *ster 46 hours
after sop;licdtion. Color shill Do yellow No. 13655 conforming to the listeo chip of
Fea. 3to. 595s, *Colors.' Paint available os an *off-theshelf" Item meeting the
above requ4irement i a v aie'lasle from HOdde Paint CO., 0912 3.0. Macadam, Portland.
UK 97219, lelephone: (503)2wm-7512, Mr. Tom Braden# trios named hkOpon Epoxy,

manufacturer's color No. 2294 'Safety Vellow'. Point proposed for use other then
.,OPon poxy' shell De accompsnied with S Signed certificate from the a it

manufacturer indicating that the point Proposed for use moets ell the above specified

requiremente and that it is a premium grade of point.

specifieo 3a-hour cure poerlo. Surfaces to receive paint Shell be Ory and free from
oil, uresse. dirt, Oust, and other conteminants. Eleting epoxy point on the parepet
.oil which Is loose or flaking shell be removed. Remaining surfaces of existing
paint shell be cleaneu as recommended by the paint manufacturer.

11.4 .UdIL.. .Q.

erior to use paint shall be stored under Cover at a tempereture of at least
7u degrees f. *here thinning is required to obtain optimum application resultS, the
recommendttione of the point manufacturer as to type end amount of thinner shell be
followed. Paint shill tDe mixed in accordance with the menufecJ(urer'6 instructions.

tacn cost shall be applied at a coverage rate not to exceed 300-square feet per
,allo. Ihe second cost of paint Shall Ie applied within A hours after application
of ine first cost. Point Shell be applied by Spray, brush, or roller. Areas to
receive paint shill be masked Or other measures satisfactory to the Contracting
ufficer's kepresentative shall 0e taken in Order to protect adjacent Surfeces from

overepray end slobbers end to produce &tripee of uniform width with straight vertical
lines. Paint applicators Sno handlers shell weer respirators, rubber gloves# tro
protective Clothing.

11. WUALITY COtI fUL.

In accoruance with the SPECIAL PROVISIUNS, the Contractor shall inspect for
compliance with contract reQuirements including but not limited to ShotCrete batching
reuIremento, aix proportions, and coneistency at the Jobeite, placing# Curing# end
all other tests and inspections specified or required. Prior to each placement of
spray-up coating the Contractor's Quality Control Representative $hell certify in
writing or by an approved check-out form that surface prepaertion is In accordance
with the plane and specifications. As a minimum, the Contractor shall be reQuired to
perform the followingl

(1) A minimum of two sand gradation and one Send moisture Content test per shift.
A recheck simple Shall be tested on any test not Conforming to specification
requirements.

1 &1. 79DIC11
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(2J MiR proportions Including send, Cement, *Jmif tres, fiLers, latex ad -ater.

(3) Wseure air content of plastic mci after it has uren $irayeJ from the rugile.
TwO times per monolith will he required.

(4) Necord fiberglass fiber length.

(5) Conduct flow and workebility tests in accoraence ditm the reCor,menjtivns of
the Supplier of the fibers. Two per monolith will be required.

(6) Measure or accurately estimate and record the amount of reuounu for rat,
aey's placement (in percent).

(7) Record and check mix proportions 4t least once per shift for melgh etCming
and as recodmended by ASIM C 85 for volumetric bstching and cortinuous mi.,ng
plants.

(8) Record ambient temperatures two t4) times per shift at k-hour intervals.

(9) Cost shotcrete 3/8-inch x 24-inch x 2Q-inch specimens in Cortrector-furnfsheo
molds. Two per monolith will be required.

(10) Determine final depth of the Sprey-up coating during aeplicettin.

The Contractor shell employ personnel quslified to make requirea tests for ouality
control end shell report all test results ori forms furnished by the t.overnment. A
copy of records and teats, as well as the records of Corrective action taken, small
be furniShed as hereinbofore specified.

3 R., 79DEI13
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EXHIBIT 6

REPORT OF TESTS ON FIELD-CAST FIBERGLASS-REINFORCED

LATEX SPRAY-UP PANELS

Item Description

1 Letter Report from Division Laboratory

2 Tabulated Laboratory Test Results

3 Load Deflection Graphs of Flexural Tests



XDDRI SS K1 PLY "0 U. S ARMY ENGINEER DIVISION. NORTH PACIFIC
URT , OR CORPS OF ENGINEERS

NOT 10 INDIVIOUALS

NORTH PACIFIC DIVISION MATERIALS LABORATORY
RT 2 OX 12A

TROUTOALE OREGON 97060

NPuiEN-GS-L (80-C-7 10) 22 September 1980

SUBJECT: Lower Monumental Navigation Lock, Report of Tests on Field
Cast Fiberglass Reinforced Latex Spray-up Panels

District Engineer, Walla Walla
ATTN: NPWEN-FM

1. Please reference:

a. Your DA Form 2544 Order No. E85800097 dated 17 July 1980

b. NPD Form 300 dated 15 April 1980 covering transmittal of
fifty-one nominal 1/2" to 3/4" x 2'4" x 241" fiberglass reinforced latex
shoterete panels (rec'd 4/15/80).

c. Telecon 15 Aug 80 to your Mr. Schrader, NPvEN-FN wherein
preliminary results were reported.

2. Attached confirming telephoned information is report of flexural
strength, center point deflection, tensile strength, and freeze-thaw
durability tests made on the above panels. Included are:

a. Incl 1, Report of Tests on Fiber Reinforced Latex Spray-bp
Panels.

b. Incl 2, Graphical Report of Typical Deflection Curves for
three Latex Spray-Up Panels.

3. The fifty-one 24 x 24 inch fiberglass reinforced panels were
numbered at random when received. Panels ranged from 0.30 to 0.88
inches in thickness with one formed and one rough "as sprayed" face.
Due to the time and cost required for milling the sprayed face to a
plane surface, the panels were tested as received. Thickness was
measured from the formed to the estimated effective cross section of
the sprayed face.

EXHIBIT 6
Item I
Page I of 3



NPDEN-GS-L (80-C-710) 22 September 1980
SUBJECT: Lower Monumental Navigation Lock, Report of Tests on Field

Cast Fiberglass Reinforced Latex Spray-up Panels

4. One nominal 2.4 x 12 inch test piece was sawn from each panel for
flexural strength and center point deflection tests. Additional test
pieces were sawn from nine panels for duplicate tests. Flexural
strength was determined by third point loading, simple span = 10.0
inches. A total of twenty-nine panels were tested with the formed
face in tension and thirty-one with the sprayed face in tension.
Deflection was measured at the center point. Freeze-thaw and tensile
strength tests were made on six each nominal 2.4 x 6 inch test
specimens from panels Nos. 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44,
and 48. Freeze-thaw specimens were soaked 48 hours prior to test.
Tensile test specimens were loaded in direct tension by use of chain
coupled clamps. Tensile strength ranged from 720 to 1300 psi, with at!

average strength of 950 psi. The freeze-thaw test specimens had an
average weight gain of 0.5 percent at 300 cycles. It is believed the
weight gain was due to additional water absorbed during over the 25
days of test. Apparently this weight gain was greater than the slight
loss due to the freezing-thawing erosion.

5. Average flexural strength of the specimens tested with the formed
and "as sprayed: faces in tension was 2250 and 3500 psi, respectively.
Results of duplicate tests made on specimens from nine panels
confirmed flexural strength was effected by orientation of the panel.
Average flexural strength for the nine sets of test pieces, from the
same panels, with the formed faces in tension was 1890 psi versus 3360
psi with the "sprayed" face in tension. In eight of the nine test
sets the sprayed face had a significently higher flexural strcnqth
with one set approximately equal. Detailed results are shown in
Inclosure No. 1. Additional tests were made on pieces sawn from three
panels to (1) determine the reliability of the test equipment and
method and, (2) to determine the consistancy of the panels. Results
were as follows:

Panel Flexural Strength. Dsi

No. #2 Av
6 1800 2140 1970
15 3400 3530 1710 2R80
34 2360 2660 2580 2530

Results indicate the panels are generally consistant in quality and
the test results are reproducible. The reason for the difference in
flexural strength due to the orientation of the sprayed and formed
faces is not definitely known. The sprayed faces were quite rough
with a surface relief of approximately 1/4-inch. A combination of
fiber orientation and localized crushing under the loading head and
supports may have been a contributing factor.

2 EXHIBIT 6
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NPDEN-GS-L (80-C-710) 22 September 1980
SUBJECT: Lower Monumental Navigation Lock, Report of Tests on Field

Cast Fiberglass Reinforced Latex Spray-up Panels

6. Analysis of the deflection data indicates the flexural beams had
little residual strength capacity after the ultimate strength was
obtained. Deflection readings were difficult to obtain once the
ultimate strength was reached as the beam load capacity generally fell
rapidly to near zero or the beam failed completely. The deflection
curves shown in Inclosure 2 are typical of the flexural beams tested.

8. This completes all work requested

Incl (dupe) E
as Director

3
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\3cr N-ic-I. 00H-i - 0)1 LOVER MONUMNiTAL 2 S[i
Report of Tet on Fiber Reinforced

l,.tek S,-r~-Ul) 1".."

/ It-f j,'.1 i.tln

P-ne S I t, n h , 1, , 1 0d tI -1 II|m t n.i I I,-
j  

"r'- ' ~
cmI',)t Dte Depth, T. istle lac e o0d. Strength, 0 Ls d .

I,. ld"rItIif i,. I,,l El-oo I Pled 1 Inches Formed Sh-t inmh, pzi 4i 10 ,

S. M.. 0i3..1 -.- 2.82 3790 0.35 D .9

M ....n.. b 52-548 3/16 0.35 2920 U.6U

. ,,,, 5O- 5.0 1/17 0.1I 2030 5210 .317

3 H.,,,., / I 4.,- Ii l3/I8 (1.39 130 11,10 11.1.0

29 M.,oI, 5 O-515 3/19 0.42 2180 0.21

(5 Mon. I5 525-530 3/20 0.30 4270 0.73

19 M,.,. if 520-5.)5 3/1 0.46 1980 0.40

20 .Mrn,. 23 515-520 3/22 0.65 2120 0.32

i7 K.,. 22 505-510 3/23 0.30 4340 0.a8

',h M,, h, I /,91- 5106 1124 0.58 1480 .oi 1
I 8...h. M , 'lollI- l/24 0.47 2880 4.ltrO 0 ,1

t No,.,. 2 495-500 3125 0.50 3800 0,1-
22 o,. 35 490-490 3/2 0.00 3750 0.38
i8 Rn... 38 495-500 3/25 0.47 1820 0. 1

12 Mono. 9 485-490 3/26 0.59 2920 0.31 910

.3 Hon. 9 480-485 3/27 0.41 5610 0.23
10 Mo.,. 30 485-490 3127 0.53 3600 0. 32
I M,,o. 1 485-490 3/27 0.b5 1090 3610 0.25

20 n,.2r, 455-460 3/27 0.79 1210 . 18

4 r6',-4,0 3/28 0.47 1970 1510 0.23
I r M..,. r r rfl-41( 3/28 058 4001 0.48

8....
l 

3',• 465-41(3 3/28 0.51 3880 0..2
. H,,,,. 22 465 -40 3/28 0.48 1770 1790 0.10

Is Non, 4 455-460 3/29 0.63 4730 0.32
25 , 60-465 3710 0.45

1 I4 465-470 0.44 4170 0.55
1 27 455-460 0.64 1430 0.08

h Mi ). I 460-465 3/30 0.53 1410 0.36 88o
5 5 450-455 0.81 1550 0.38

12 45 5-460 0.25 4610 0.47

M ...,... I V.,-144fO 1/31 0.50 2560 0.03 910
I r ', ), 'W . 11.60 14713 Irlr1[) Ir. 1 / n.,

i(.44 17'.) I/,I I l
(3 10.58 4240 l. (1

21 0.47 3500 0.49
1I 2? 0.88 2150 0.25

"I Mo.... 7 435-440 4/1 0.36 1860 0.43
i, 8 0. 44 4060 (.31 0 0.5

-.1 8 440-:44, 0.60 1500 0.23
50 9 4 C-) .47 2200 1. 19

I 1 0.62 2640 0.23
(I4 0.56 2890

0 ,- .5 0.53 1790 n.29
3I I0 . 4,0 0.47 4(90
,0 ,i (3.28 2620 .8

201 ',( -,, . 1471 3.41 94n
45 415-40.74 1170 1350 0.2n. 0.

S 2.' 4 15-440 0.170 (160 0.03
.1, 4 0.26 4820 0.60 (.0
46 2 440-445 0.47 2620 0.22

N-sbe r re-1s 29 31 50 6 6

Ave.. pli , 2250 3500 0.15 950 0.4

1ne, p~i 1050 1480 0.09 320 0.0

4870 %' ((.13 t1 3 0

r8d IiAi II.s.

EXHIBIT 6
I tem 2

Page 1 of 1



t~14

cm

144
,ji

iti

ci)

EXHIBIT 6
I tem 3
Page 1 of 1



LOWER SNAKE RIVER PROJECT

LOWERGRANITE 7.0

Lewiston

LFliLE GOOSE C

LOWER ~

MONUMENTAL

~rDN

LCOWER SNAKE
Tri-cites ICE HAROBO R 

ASH RI1OVER PROJECT

O REGON ' , . .C tf
: 

O ,

CAI. NEVADA UTAH

PLATE I



CORPS OF ENGINEERS

344 05J,5~

~~~E S4S L i

w7. . 1,

NAVIGATION LOCKEL41I
SECTION THRU DOWNSTREAM SILAaK LJY

NOT TO SCALE

400O

SECTIO THRU MAIN POWERHOUSE UNIT
NOT TO SCALE

No0,1 Sh',
Access Rood -LaeL54 aeL54-

a- a

TTLOWER AIONdCIM
SPLLA LOCK DA

ffe/ace/ed LI fpR

a1  Fo-~q?0S

T t2 N

GENERAL PLANacesod
LI SCALE IN FEET '0r~ .o 0

f 0



___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___U. S. ARMY

r T
4

p..el 33350 LOCATION

*0-p of l1~ ... L 337 fL3.- -.

EL OE FL035?

CL A EL05W

,prg 5471 --

EL 45

(PNO TOL oCALE

meos It 

R '39

At,# NPS o,* 1601, Th3

M~ Aye 900 8021,,~o Area

DAW~~AK LMAP E6o
--- A~~~~~i oOC LOE MOUMNAL OKAN A

-'C,---- ftr~~er M~~e. ~ o'* ~ra~ U SARY NGNE DSTITWLAWLA
Cleft *1 A.'RVSD O 3 UE 1

PLATEk

(3 2-



LII

4-

w 4t4

4 -u

toA



APPLYING ONE OF THE TRIAL SURFACE COATINGS TO APPLICATION OF THE SPRAY-UP MORTAR AND FIBERi

MONOLITH 9 FROM A FLOATING PLATFORM. FIBERS FROM THE "NOZZLE" AND "CUTTER HEAD" Dl
TH'E TRIAL COATING OPERATION. ROLLING OF THE Ci
IS BEING DONE IMMEDIATELY BEHIND THE SPRAY
APPLICATION.

LI

i .-.... 1 1~

. .. . ..a .. . ' . " .

FLATNTWO TYPICAL CORES TAKEN FROM THE LOCK WALI
NO H FRTHROUGH THE TRIAL COATING. THE CORE ON THE

SHOWS EXCELLENT BOND OF THE COATING TO THI

i CONCRETE. THE CORE ON THE RIGHT FAILED AT TH
l' ,..INTERFACE ALONG UNSOUND MATERIALS NOT PRC
t CLEANED FROM THE SURFACE BEFORE APPLICATIOPAPPLICATAON OF ONE OF THE 10 FOOT THE COATING.

WIDE TRIAL COATINGS FROM A
CROWDED HANGING SCAFFOLD.

PHC

.. I,.



PPLICATION OF THE SPRAY-UP MORTAR AND FIBERGLASS
BERS FROM THE "NOZZLE" AND "CUTTER HEAD" DURING
E TRIAL COATING OPERATION. ROLLING OF THE COATING
BEING DONE IMMEDIATELY BEHIND THE SPRAY

PPLICATION.

APPEARANCE OF THE LOCK WALL 9
MONTHS AFTER APPLICATION OF THE
TOTAL COATING VISIBLE IN THE
FOREGROUND. THE UNCOATED WAIL IS
IN THE BACKGROUND.

0 TYPICAL CORES TAKEN FROM THE LOCK WALL
ROUGH THE TRIAL COATING. THE CORE ON THE LEFT
OWS EXCELLENT BOND OF THE COATING TO THE BASE
NCRETE. THE CORE ON THE RIGHT FAILED AT THE
ERFACE ALONG UNSOUND MATERIALS NOT PROPERLY
ANED FROM THE SURFACE BEFORE APPLICATION OF

E COATING.

PHOTOGRAPHS OF THE TRIAL COATING

PLATE 4
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TRIAL SURFACE CLEARING WAS DONE PRIOR TO A HIGH PRESSURE WATER JI
PREPARATION OF BIDDING DOCUMENTS TO CONFIRM 6500 PSI FLAKES OFF THE 0
WHAT DEGREE OF CLEARING WAS NECESSARY AND
COULD PRACTICALLY BE ACCOMPLISHED WITH VARIOUS
PIECES OF EQUIPMENT IN THE FIELD.

r .

: IY1.4 4

TWO EXAMPLES OF HOW EASILY THE UNSOUND 14 INCH (APPROX) OF SURFACE MORTARWOL

NOT ALREADY SCALED AWAY.

PHOTOGRAPHS OF SURFA



J,6'-

A

A HIGH PRESSURE WATER JET OPERATING HERE AT ABOUT
6500 PSI FLAKES OFF THE OUTER LAYER OF UNSOUND MORTAR.

... ....

F SURFACE MORTAR WOULD FLAKE OFF WHERE IT HAD

OTOGRAPHS OF SURFACE CLEANING TECHNIQUES

PLATE 5
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" .. ,.

WORKING FROM BARGES TO APPLY THE LOCK WALL LOCK WALL ABOUT 75% COATED
COATING NEAR THE UPPER LIFTS. WITH THE WORK BARGES.

-" 
' ' "(" ' '""-" ;3 I: '

" - • "IJ', I -

APPLYING THE MORTAR SIMULTANEOUSLY WITH THE ONE OF THE FOUR SPRAY-UP UNITS
FIBERGLASS FIBERS IN AN AREA OF MINIMAL SCALING FROM THE MIXER IN THE TUB ANDNEAR THE TOP OF THE LOCK. RMTEMXRI H U NPUMP. IT IS PUMPED THROUGH THI

WHERE IT IS ATOMIZED AND SPRAI
SIMULTANEOUSLY CUTTING THE FIB
OVERHEAD STRAND AND BLOWIN(

PHOTOGRAPHS OF CONTRACT RE



FAV

LOCK WALL ABOUT 75% COATED AND GOING DOWN
WITH THE WORK BARGES.

AW.

ONE OF THE FOUR SPRAY-UP UNITS. MORTAR IS BROUGHT
FROM THE MIXER IN THE TUB AND DUMPED INTO THE GROUT
PUMP. IT IS PUMPED THROUGH THE HOSE TO THE NOZZLE
WHERE IT IS ATOMIZED AND SPRAYED ONTO THE WALL WHILE
SIMULTANEOUSLY CUTTING THE FIBERS FROM A CONTINUOUS
OVERHEAD STRAND AND BLOWING THEM ONTO THE WALL.

OGRAPHS OF CONTRACT REPAIR OPERATIONS (1)

PLATE 6



HIGH SHEAR MORTAR MIXER. THE GROUT PUMP TO THE TIMING THE MIl
RIGHT HAS THE CONTROLS COVERED WITH POLYETHYLENE MORTAR MIXEI
SHEET. CEMENT IS STOCKPILED IN BACK.

- .--,.L - - -- ' -
... . ,J-' *1 ,. ?: .V ,k

.. ,,p ~. ,..

: . : . ,

JAA

WALL SURFACE AFTER ACCEPTABLE SURFACE PREPARATION
IN THE LOWER LIFTS. MORTAR MIXI

PHOTOGRAPHS OF CON

L .. ..... ... . .. ....... ...



N 0

TIMING THE MIX DURATION IN A CONVENTIONAL
MORTAR MIXER.

MORTAR MIXER AND PUMP CONTROL BOARD.

PHOTOGRAPHS OF CONTRACT REPAIR OPERATIONS (1)

PLATE 7
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..

APPEARANCE OF THE NORTH LOCK WALL AFTER ABOUT
6 MONTHS OF SERVICE. CONDITION OF THE

IMPACT MARKS W
COATING.

APPEARANCE OF THE WALL COATING IN THE UPPER LIFTS APPEARANCE OF
WHICH HAD MINIMAL DETERIORATION. COVERS VERY RC

CONCRETE SIMILA

PHOTOGRAPHS OF CONT



A a

CONDITION OF THE LOCK WALL SHOWING RUB AND
IMPACT MARKS WHERE BARGES HAVE HIT THE WALL
COATING.

41q

-, ,' )~AV

~~Y

APPEARANCE OF THE COATING TO THE LEFT WHERE IT
COVERS VERY ROUGH AND SEVERELY DETERIORATED
CONCRETE SIMILAR TO THAT VISIBLE TO THE RIGHT.

kOTOGRAPHS OF CONTRACT REPAIR OPERATIONS (MU)

PLATE 8



In accordance with letter from DAEN-RDC, DAEN-ASI dated

22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog

card in Library of rongress MARC format is reproduced
below.

Schrader, Ernest K.
Deterioration and repair of concrete in the Lower

Monumental Navigation Lock Wall : final report / by
Ernest K. Schrader (U.S. Army Engineer District, Walla
Walla). -- Vicksburg, Miss. : U.S. Army Engineer

Waterways Experiment Station ; Springfield, Va.
available from NTIS, [19811.

113 p. in various pagings, 8 leaves of plates (some

folded) : ill. ; 27 cm. -- (Miscellaneous paper / U.S.
Army Engineer Waterways Experiment Station ; SL-81-9)

Cover title.
"June 1981."
"Prepared for Office, Chief of Engineers, U.S. Army

under CWIS 31553."
"Monitored by Structures Laboratory, U.S. Army

Engineer Waterways Experiment Station."

1. Concrete dams. 2. Locks (Hydraulic engineering).

3. Lower Monumental Lock and Dam (Wash.) 14. Navigation.

Schrader, Ernest K.
Deterioration and repair of concrete in the Lower : ... 1981.

(Card 2)

I. United States. Army. Corps of Engineers. Office of

the Chief of Engineers. II. United States. Army. Corps

of Engineers. Walla Walla District. III. U.S. Army

Engineer Waterways Experiment Station. Structures

Laboratory. IV. Title V. Series: Miscellaneous paper

(U.S. Army Engineer Waterways Experiment Station) ; SL-81-9.

TA7.W34m no.SL-81-9




