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PREFACE

This report has been written with laboratory strength data that was
available as of February 1983. Long-term strength data, long-term thermal
behavior, and future evaluation of data from cores to be taken from the
dam will be included in a supplement to the report.

The report has been prepared by topic. Each chapter (topic) can be
excerpted and stand on its own for technical content with 1ittle or no
cross-referencing to other chapters. Photographs, graphs, tables, and
exhibits pertinent to each chapter follow at the end of each chapter.
The report is not intended to duplicate discussion and data from the ini-
tial aggregate investigations, crusher studies, cavitation/erosion
studies, design test fill, thermal analysis, and preliminary mix studies
contained in the project design memorandum (Supplement 1 to GDM 2 -
Phase II).

This report was prepared by Ernest Schrader, Walla Walla District
U.S. Army Corps of Engineers. Laboratory data contained in the report
were obtained from testing at the North Pacific Division Laboratory (Jim
Hinds and Jim Paxton) and from the resident field laboratory (Dennis
Baird).  Additional information was provided by the contractor (Rick
McKinnon). Colonel H. Thayer was District Engineer during design and the
start of construction. Colonel R. Williams was District Engineer during
most of the construction and during reservoir filling.

Special thanks go to the District's Service Branch, Drafting Section,
and photography Tlaboratory. With their cooperation and effort, timely
publication of this report has been accomplished concurrent with the main
dam contract reaching its formal completion date.



WILLOW CREEK LAKE
HEPPNER, OREGON

PERTINENT DATA

PROJECT FUNCTIONS

Flood Control
Recreation
Fish and Wildlife

Provision has been made in design for future irrigation.

LAKE

Drainage area above damsite, square miles
Standard project thunderstorm flood:

Peak flow, cfs

Volume, acre-feet
Probable maximum thunderstorm flood:

Peak flow, cfs ‘

Volume, acre-feet

Standard project general winter rain and snowmelt flood:

Peak flow, cfs
Volume, acre-feet

Probable maximum general winter rain and snowmelt flood:

Peak flow, cfs
Volume, acre-feet
Project design flood:
Volume, acre-feet
Design flood recurrence interval, years (Composite)
Maximum controlled lake elevation
Average minimum lake elevation
Lake length at spillway crest elevation, miles:
Willow Creek
Balm Fork
Lake length at average minimum elevation, miles:
Willow Creek
Balm Fork
Lake surface area, acres:
Maximum controlled elevation 2113.5 (spillway crest)
Average minimum lake elevation 2047
Gross storage capacity, acre-feet:
Exclusive flood control:
Initial
Future
Future irrigation storage:
Exclusive
Joint
Fish, wildlife, recreation, and esthetics
Sediment accumulation
Total

96

45,000
11,500

107,000
28,000

9,000
25,000

18,000
51,000

9,500
100
2,113.5
2,047

— =

.8
.3

11,250
7,750

1,750
1,750
600
1,400
13,250



PERTINENT DATA (Cont'd)

DAM-RCC

Top elevation

Height above streambed, feet
Length, feet

Width, top, feet

Volume, C.Y.

SPILLWAY, OVER DAM

Crest elevation
Crest length, feet
Design capacity, cfs

OUTLET WORKS

Regulating outlet capacity at Tow pool,
elevation 2047, cfs

Water quality outlet capacity, cfs
at Tow pool elevation 2047
at normal high pool elevation 2076.5

PROJECT ECONOMICS

Total Project Cost (May 1983)
Dam Contract (May 1983)

2,130
169
1,700
16
435,000

2,113.5
380
91,700

500
80

$36,100,000
$14,900,000




CHAPTER 1

INTRODUCTION

Willow Creek Dam was the world's first all rolled concrete structure
designed and built specifically with the no-slump rolled mix. The design
intent, assumptions, procedures, and studies are described in the
appropriate Corps of Engineers design memoranda. Articles published
in Civil Engineering (April 1982), Concrete International (October 1982),
Engineering News Record (October 1982), and elsewhere contain summaries
of design and initial construction plans. This report specifically
addresses concrete and related operations during construction, results of
routine construction testing, special testing during construction, and
initial reservoir and dam performance. It also includes recommendations
for future roller-compacted concrete (RCC) construction. A construction
history covering all phases of the project is under preparation.

Initial estimates for a dam at Willow Creek were on the order of $32
million for a rockfill structure. This was later refined down to $25
million with Tless conservative design adjustments. The construction
period would have been 3 years. The rolled concrete dam design was then
developed, found to be competitive, and was estimated to take a construc-
tion time of 1 to 2 years. As design progressed and contingencies were
eliminated through tests and further study, the estimated cost decreased.
The ultimate Tow bid price of $14 million saved an estimated $11 million
off the rockfill estimate. Also, the dam was functional in about 1 year
and the contract was complete in about 1-1/2 years.

Plate 1.1 shows the project location and typical sections. Plate 1.2
shows the envisioned and completed structure. Plates 1.3 and 1.4 show a
sequence of progress photographs taken from the same location on a monthly
basis. They clearly indicate the speed with which the dam was construc-
ted. Plates 1.5 through 1.11 are aerial views which also show monthly
progress.

Plate 1.12 shows progress of the total project and percent complete
as a function of calendar date starting with initial advertising. Plates
1.13 and 1.14 show the rate of construction of the dam once RCC place-
ment began. Plate 1.12 includes the value of the contract and its value

‘as overruns and change orders (modifications) developed. The project.
cost stayed remarkably close to the original bid, especially when con-

sidering the unprecedented nature of the project. A major contract modi-

fication because of significant added excavation was directed just prior

to the start of RCC placement because of unforeseen foundation conditions.

There were very few changes because of the RCC and none of significance.
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CORPS OF ENGINEERS u. AKMY

T

AS ENVISIONED PRIOR TO CONSTRUCTION. FALL OF 1982.

WILLOW CREEK DAM

UPSTREAM FACE PRIOR TO POOL RAISE.
PLATE 1,2

CONT. NO. VOL NO




M SAFETY PAYS Hifl U. S. ARMY

CORPS OF ENGINEERS

12 JANUARY 1982 10 FEBRUARY 1982

12 MARCH 1982 15 APRIL 1982

FOUNDATION EXCAVATION AND
AGGREGATE STOCKPILING

PROGRESS PHOTOS

PLATE 1.3

CONT. NO. VOL. NO.

VALUE ENGINEERING PAYS



CORPS OF ENGINEERS M SAFETY PAYS wm U. S. ARMY

11 JUNE 1982 14 JULY 1982

13 SEPTEMBER 1982 24 SEPTEMBER 1982

ROLLED CONCRETE
PROGRESS PHOTOS
PLATE 14

VAINE EN AINEERINA PAYS CONT. NO. VOL. NO.




CORPS OF ENGINEERS

DIVERSION UNDER CONSTRUCTION

FOUNDATION AND ABUTMENT AREA

CONCRETE PLANT

1 1/2 INCH AGGREGATE

3/4 INCH AGGREGATE

3 INCH AGGREGATE

CRUSHER

QUARRY AREA

CONT. NO.

MARCH 6, 1982

AERIAL PHOTO

PLATE 1.5



CORPS OF ENGINEERS U. S. ARMY

CONCRETE PLANT

1 1/2 INCH AGGREGATE

3/4 INCH AGGREGATE
SOURCE OF FINE BLEND SAND

3 INCH AGGREGATE

CRUSHER

————— DIVERSION CONDUIT OPERATIONAL APRIL 16, 1982

AERIAL PHOTO

STILLING BASIN EXCAVATION
PLATE 1.6
MD

rr>NT no vm



CORPS OF ENGINEERS

U S. ARMY

1 1/2 INCH AGGREGATE

3/4 INCH AGGREGATE

SOURCE OF FINE BLEND SAND

3 INCH AGGREGATE

NOTE: PHOTO WAS TAKEN JUST

AFTER THE START OF RCC
PLACEMENT. BOTTOM
ELEVATION 19683.

MAY 4, 1982
CONCRETE PLANT

AERIAL PHOTO

PLATE 1,7

VOL. NO.



CORPS OF ENGINEERS U. S. ARMY

CONCRETE PLANT

3/4 INCH AGGREGATE

1 1/2 INCH AGGREGATE

SCALE

3 INCH AGGREGATE
STILLING BASIN RCC COMPLETE

PLACING UPSTREAM FACE
PANELS

——————— PLACING RCC AT APPROXIMATE
ELEVATION 1992.

NOTE THE FOLLOWING CONSTRUCTION

VIOLATIONS:

1. FOUR LIFT SURFACES
SIMULTANEOUSLY EXPOSED.

2. VERTICAL JOINTS DO NOT FOLLOW
THE PATTERN ALLOWED IN THE
RCC SPEC.

3. TIRE TRACKS LEFT FROM VEHICLE
THAT MADE A TIGHT TURN SCARRING
THE SURFACE.

4. NONUNIFORM MOISTURE ON THE
EXPOSED SURFACE.

DOZING OVERBURDEN AND ROCK
TO THE CRUSHER.

JUNE 3, 1982

AERIAL PHOTO
BEGINING TO COVER THE --—--

EXCAVATING ABUTMENT
PERMANENT OUTLET CONDUITS. PLATE 1.8

CONT. NO VOL. NO.



CORPS OF ENGINEERS

HEPPNER RESIDENCE IMMEDIATELY
DOWNSTREAM OF THE DAM.

NOTE TIGHT TURN BY TRUCK DAMAGING THE
RCC SURFACE. ALSO, TRACKING OF MATERIAL
ONTO THE RCC SURFACE FROM THE HAUL ROAD.

U. S. ARMY

STILLING BASIN

SPILLWAY FACE

NOTE TRACKING OF DEBRIS ONTO THE
PLACEMENT FROM THE HAUL ROAD.

CONCRETE PLANT

3/4 INCH AGGREGATE

1 1/2 INCH AGGREGATE

3 INCH AGGREGATE

AGGREGATE FILL IN THE
GALLERY ZONE.

JULY 3, 1982
AERIAL PHOTO

PLATE_JL9

CONT. NO. VOL. NO.



CORPS OF ENGINEERS , [ WM rN1 < i

CONVEYOR FEED FOR
3/4 INCH AGGREGATE

3/4 INCH AGGREGATE

SPRINKLING 1 1/2 INCH AND
3 INCH AGGREGATE

AGGREGATE CRUSHING AND
SCREENING.

RCC AT APPROXIMATE ELEVATION
2098.

AUGUST 3, 1982

AERIAL PHOTO

PLATE 1.10
VALUE ENGINEERING PAYS CONT. NO. VOL. No.




CORPS OF ENGINEERS

fat 3MI-CIl  rM13 HM

u. Mmuvi i

APPROXIMATE ELEVATION 2118.
EIGHT DAYS AND 11 FEET BEFORE
COMPLETION OF RCC AT THE TOP
OF THE DAM.

SEPTEMBER 16, 1982
AERIAL PHOTO

PLATE 1.11

VOL. NO.

VALUE ENGINEERING PAYS CONT. NO.
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OTES,

. GALLERY FLOOR ELEVATION VARKES.
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CHAPTER 2

CEMENT AND FLY ASH

CEMENT

Cement for all roller. concrete was Type II Tlow-alkali with the
optional requirement 1limiting the heat of hydration at 7 days to 70
calories -per gram. It was required to meet ASTM C 150 standards. The
supplier of all cement for .RCC was LeHigh Cement Company. It was all
produced at their Metaline Falls, Washington, facility; shipped by rail
to Pasco, Washington, where it was put into temporary storage; and then
shipped by truck to the project. Approximately 1,000 tons of cement per
week were used during most of the RCC construction.

LeHigh met Corps requirements for being listed as a prequalified
cement source, so cement was accepted on that basis. The old procedure
(still in effect for nonqualified cement sources) of placing cement in
sealed bins and holding it until acceptable results from tests of that
material are received was not used. Instead, the plant provided a record
of the results of its own analyses, and occasional check samples were
taken by the Corps for verification and record purposes. As long as the
cement routinely and consistently met specification requirements, its use
was approved without holding it in sealed bins. The supplier agreed to
use sealed bins at his transfer point in Pasco, Washington, to preclude
the possibility of contamination with other cements stored there.

Cement certificates representing material used in the RCC follow
this section in Exhibit 2.1.

FLY ASH

Fly ash was ASTM C 618, Class F, except that a small amount of RCC
was placed using Class C ash for comparison. The specifications required
the ash to meet Class F requirements and allowed Class C if the amount of
heat produced by a blend of 65-percent cement with 35-percent ash pro-
duced Tess than 90 percent of the heat generated by use of the cement
with no ash substitution.

The Class F ash was produced at the Jim Bridger plant in Rock
Springs, Wyoming. It was shipped by rail in sealed cars to Heppner,
Oregon, and brought by truck for the short haul from the rail siding to
the jobsite. The Class C ash was produced and trucked directly from the
Boardman, Oregon, plant. Pozzolanic Northwest was the distributor for
both ash sources.



Ash was not released for use in RCC until chemical and physical
tests on the samples representing each shipment were satisfactorily
completed at the Corps' Waterways Experiment Station. An exception to
this was when the small amounts of Class C ash were used on short notice
and the supplier had furnished acceptable certificates of his own.
Results of fly ash testing follow this section.

During design, tests were performed to try to determine the optimum
amount of fly ash and to determine if going to very high ash contents
would result in marked increases in strength as had previously been
reported in studies for Milton Brook Dam in England. The laboratory work
showed only a marginal 9improvement in strength when adding ash, and
showed that at later ages very high ash contents would be harmful.
Results are shown graphically on Plates 2.1 through 2.2.

Although laboratory tests did not show a major strength benefit by
using fly ash, it was included in the design for several reasons:

(1) To verify if, in fact, under production conditions and
with many test results, the ash would still show 1ittle strength benefit
in RCC. This did turn out to be the case.

(2) To allow a comparison between Class F and Class C ash in
RCC under production conditions. Class C ash significantly improved
later strength as discussed below.

(3) To provide additional fines into the mix and a method of
increasing it further without cement if needed during construction. This
did not turn out to be necessary.

(4) To help keep down the heat of hydration of the total mix.
There was very Tittle benefit since the ash did not appear to give simi-
lar later age strengths when substituted for cement, and similar cement
factors were necessary for similar strengths, regardless of the ash
content.

(5) To help long-term impermeability and provide a mechanism
for long-term improvement of integrity across the 1ift line between RCC
layers through chemical cementing action. This is difficult to evaluate,
but theoretically should be occurring.

(6) To help control potential alkali-silica gel in the poten-
tially reactive aggregate.




Mixes made with Class C ash showed no difference in mixability,
placeability, handling, compactibility, or appearance when compared to
mixes made with Class F ash. The Class C ash had a higher specific grav-
ity (2.67) than Class F ash (2.32), but for simplicity during construc-
tion no adjustment was made 1in batch weights to compensate for the
corresponding 13-percent reduction in volume of ash. Because the amount
of ash used per cubic yard was so small, the effect on yield was negli-
gible (less than 0.5 percent).

During the design stage a series of tests was made comparing com-
pressive strengths and the rates of strength gain for mixes made with the
two classes of fly ash. The 80+32, 175+80, and 315+135 mixes were com-
pared with test ages of 1, 3, 7, 14, 28, 60, 90, 180, and 365 days.
At that time there was no significant and consistent difference for any
mix at any age, although there was a tendency for the Class F ash to be
1- to 7-percent stronger.

During construction the 1ifts placed with Class C ash used a pound-
for-pound substitution of Class C ash for Class F ash. Everything else
remained the same. Both 6- x 12-inch and 9- x 18-inch cylinders were made
for the 80+32, 175+80, and 315+135 mixes which used the Class C ash.
Strength results are shown on Plates 9.4 through 9.8. The leaner mixes
had lower strengths until an age of about 2 to 3 months, at which time
the rate of strength gain increased dramatically. From then on the data
indicates that the mix with Class C ash will be considerably stronger.
The mix with higher cement content (315 pounds) showed significantly
higher strengths at all ages, and a similar dramatic increase in the rate
of strength gain after 2 to 3 months. The graphed data is the average of
all field-cast cylinders available as of 1 February 1983.
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EXHIBIT 2.1

TYPICAL CEMENT ANALYSES

‘Reports of analysis from both the supplier
and from Government check tests.




LABORATORY TEST REPORT
LEHIGH PORTLAND CEMENT COMPANY
. Consignee . BCOD COT D, e, Destination.... l'eppner, Oregon
Date... March 10, 1982 Car/Truck.oooooo Plant..Metaline Falls.. Wn...
L -
TYPE AND SPECIFICATION Mo. I ASTM=C 150 SPECIFICATION LIMITS
— - —
- MODERATE HIGH EARLY
RESULTS OF TESTS—BIN No.. 13 . L=82.... porORMAL SULVATE: STRENGT
'WT"‘D‘ . CEMENT CEMENT
TYPE I TYPE Il
AST.M. |[FEDERAL | AS.T.M. [FEDERAL | AST.M. [FEDERAL
CHEMICAL C130 SS-C-1960/3]  C150  [SS-C-1900/3] C150  |SS-C-1960/3
Silica (S8i0,) 22,1 | Min.9, 21.0 21.0
Alumina (Al,0,) L1l | Max.9 7.5 6.0 6.0 7.5
Ferric Oxide (Fe,0,) 3.8 § Max.9, 6.0 6.0 6.0 6.0
Calcium Oxide (Ca0) 62.7
Magnesia (MgO) 2,0 } Max.% 6.0 6.0 6.0 6.0 6.0 6.0
Sulfuric Anhydnde (S0,)
When 3Ca0.Al,O, is 8%, or less 2.6 | Max.% 3.0 3.0 3.0 3.0 35 35
When 3Ca0.Al1L0, is over 87, Max.%, 3.5 35 4.5 45
Ignition Loss 1.1 F' Max.9 30 3.0 3.0 3.0 3.0 3.0
Insoluble Residue 0,21 | Max.% 0.7§ 0.75 0.75 0.75 0.75 0.78
Potential Compounds
Tricalcium Silicate (3Ca0.SiO,) L7 .
Tricalcium Aluminate (3Ca0.AL,0,) L.l || Max.9 15.0 8 8 15 15
Dicalcium Silicate 28
PHYSICAL
Fineness, Specific Surface, (Wagger) Min. 1600 | 1600 1600 1600
(Blaine) 3370 i Min. 2800 | 2800 2800 2800
Soundness, Autoclave Expansion 0,06 } Max.% 0.80 0.80 0.80 0.80 0.80 0.80
Time of Set (Gillmore)
Initial (Hr. : Min.) 3:,,0 | Min 1:0 1:0 1:0 1:0 1:0 1:0
Final (Hr. : Min.) O:L4C fMax. 10:0 [ 100 10:0 10:0 10:0 10:0
Compressive Strength, psi.
1-day Min. 1800 ‘| 1800
3-day 1000 22G0 | Mia.  1800] 1800 1500 1500 3500 3500
7-day 1700 3170 § Min. 2800 | 2800 3600 2500 (a) (b)
Total Equivalent Alkalies 0,50 2 F0
ieat of Hydration ¢ 7 days 68 70
() Efiective only when so specified by purchaser. (b) Strengths at any age higher than strengths at next preceding specification age.
NOTE.—All test specimens were made and stored under strictly controlled temperature conditions. All testing
equipment used complies with the requirements of A.S.T.M. and Federal Specifications for Portland Cement.
For wWillow Creek lam Job # DACW 68-8--c-0018
ate . March 10,1982 QW‘;Q}/])V(LZJN\ ................................
Quality Control Supervisor ]

EXHIBIT 2.1
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LABORATORY TEST REPORT
LEHIGH PORTLAND CEMENT COMPANY

Consignee .. Fucon CoXps e Deatination...... leppner, Oregon |

Date. May 12, 1982 .. 07T TS Plant... Metaline Falls, wa.
TYPE AND SPECIFICATION We.... .11 ASTM C-150 SPECIFICATION LIMITS
MODERATE HIGH RARLY
RESULTS OF TESTS—BIN Me...... Lk .3-82 . . .. oo JSULFATE STRENGTH
TLAND CEMENT CXMENT
TIrE 1 TYPE I TYPRR I
: ASTM. nnnmL ASTM. I::zam ALTM. lunxux.
CHEMICAL C130 s§-C-1960/3] Ci150 -1960/8]  Ci130  |88-C-1960/8
Silica (Si0,) 21,9 { Min.% 21.0 21.0
Alumina (Al,0,) L.6 | Muxr% 7.8 6.0 6.0 18
Rernic Ozide (Fe,0,) 3,8 | Max % 6.0 6.0 6.0 6.0
Calcium Oxide (Ca0) 63,2
Muguesia (MgO) 2,0 [ Max % 60 6.0 6.0 6.0 6.0 6.0
Sulfuric Anhydnde (50,) ‘
When 3Ca0.AL,0, is 8% or less 2.0 | Max.% 3.0 30 3.0 30 35 | 38
When 3Ca0.Al,0, is over 87, Max.% 3.5 35 4.5 .5
Iguition Loss 1.7 I Max.% 3.0 3.0 3.0 3.0 30 30
Insoluble Residue 0,22 Max.% 0.18 0.75 0.78 0.78 0.78 0.78 ¢
Potential Compounds
Tricalcium Silicate (3Ca0.Si0s) L7
Tnecalcium Aluminate (3Ca0.Al,0,) S 8 | Max.% 15.0 8 8 15 15
Dicalcium Silicate 27
PHYSICAL
Fineness, Specific Surface, (Wagner) ’ Min. 1600 | 1600 1600 1600
(Blaine) 3430 | Min. 2800 | 2800 2800 2800
Soundneas, Autoclave Expansion 0,09 | Max.% 0.80 0.80 0.80 0.80 0.80 0.80
Time of Set (Gillmore) _
Initial (Hr. : Min.) 3225 Min. 1:0 1:0 1:0 1:0 10 10
Final (Hr. : Min.) 5325 | Max. 100 | 100 10:0 10:0 100 10:0
Compressive Strength, pei. '
- 1-day Min. 1800 1800
3-day : 2010 I Min. 1800 | 1800 1500 1500 3500 3500
1-day 3020 | Min. 2800 | 2800 2500 2500 (s) (b)
Total Equivalent Alkalies 0, Max, 0,60
licat of Hydration @ 7 days 10 Max, | 70
(a) Efiective only whes 80 apecified by purch (b) Strengthe at aay age higher than strengths at mext preceding specification age. -
NOTE.—All test specimens were made and stored under strictly controlled temperature conditions. All testing
equipment used complies with the requirements of A.S.T.M. and Federal Specifications for Portland Cement.
For Willow Creek Dam Job # DACW 68—82-0—0:)98
WM. May 12, 1982 -  dd 7 Leery

EXHIBIT 2.1
Sheet 2 of 12
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Y= .
LABORATORY TEST REPURAEIVEDJUN & 1087
LEHIGH PORTLAND CEMENT COMPANY
Counsigoee . Eucon Corp. . . ... Destination. . Heppner, Oregon .
' Date May 28, 1982 . CAL/THUCK oo Plant.. Metaline Falls,. Mna.
YYPE AND SPECIFICATION lo......I...I......LaA....H.H..Q...’I.du+ SPECIFICATION LIMITS
r 2 ]
MODERATE HIGH EARLY
RESULTS OF TESTS—BIN Ne.... D). . . . 1982 ... NORMAL JSULPATY RENGTH
: .u'“"m” L‘ll AENT CEMENT CEMENT
TYPRE I3 TYPR Il
ASTM. I:cmm ASTM. |[FEDERAL | AST.M. |[FEDERAL
CHEMICAL Ci%0 -1960/8]  C1%0 1960/3] Ciso  |ss-C-1960/3
Silica (Si0;) 22,9 | Min.% 21.0 21.0
Alumina (Al,O,) " Lol | Max.% 7.5 6.0 6.0 7.5
Fernic Oxide (Fe, 0,) L2 | Max.% 6.0 6.0 6.0 6.0
Calcium Oxide (CaQ) 62.3
Maguesin (MgO) 2.2 | Max.% 6.0 6.0 6.0 6.0 6.0 6.0
Sulfuric Anhydride (SO,) A
When 3Ca0.Al;O, is 87, or less 2.1 ] Max.% 3.0 3.0 3.0 3.0 35 3.5
When 3Ca0.AlL O, 15 over 8%, Max.% 3.5 3.5 4.5 43
Ignition Loss 1.3 | Max.% 3.0 3.0 3.0 3.0 3.0 3.0
Insoluble Residue Max.% 0.75 | 0.78 0.75 0.75 0.75 0.75 -
Potential Compounds
Tricalcium Silicate (3Ca0.Si0,) LO
Tricalcium Aluminate (3Ca0.Al,Oy) 3.8 1 Max.% 15.0 8 8 15 15
Dicalcium Silicate
PHYSICAL
Fineness, Specific Surface, (Wagner) Min. 1600 | 1600 1600 1600
(Blaine) 3340 | Min. 2800 | 2800 2800 2800
Soundness, Autoclave Expansion 0,04 J Max.% 080 | 080 0.80 0.80 0.80 0.80
Time of Set (Gillmore)
Initial (Hr. : Min.) 2350 | Min. 1:0 1:0 1:0 1:0 1:0 1:0
Final (Hr. : Min.) Gy Max. 10:0 | 10:0 10:0 10:0 10:0 10:0
Compressive Strength, psi.
1-day Min. 1800 1800
3-day 1000 1760 § Mia. 18007 1805 | Eoc | 1500 3590 2500
7-day 1700 "~ | Min. 2800 | 2800 | «8é06- | 2500 (s) (b)
Total Egquivalent Alkalies 0.83 0.60
Heat of Hydration @ 7 days 62 20
-—*

(a) Kflective only whea 80 specified by purchaser. (b) Strengths st say ags higher than strengths at next preceding specification age.

NOTLE.—All test specimens were made and stored under strictly controlled temperature conditions. All testing
equipment used complies with the requirements of A.S.T.M. and Federal Specifications for Portland Cement.

Willow Creek Dam Job #DACW 68-82-C=0018

............................................................

EXHIBIT 2.1
Sheet 3 of 12




Pt CHEM 4

RECEIVET 7™V ° € 09y
" LABORATORY TEST REPORT

LEHIGH PORTLAND CEMENT COMPANY

Consignee  EU€ON COTP.  eeoseessrrssieersiieene Destination.... leppner, Oregon .. e
Date.....June 23, 1982 . CAE/TIUCK....cooovveeeoeeeeeeeeeeeseeees e Plant Metaline Falls, Wn.
TYPE AND SPECIFICATION No.. 11 . .ASTM C-150 . .. SPECIFICATION LIMITS
RESULTS OF TESTS—BIN Ne....33 15782 ... ) NORMAL MSULFATE S TRENGTH
PORTLAND CEMENT RESISTING PORTLAND
penttie CEMENT CEMENT
TYPE O TYPE IM
ASTM. |FEDERAL| AST.M. |[FEDERAL | AST.M. |[FEDERAL
CHEMICAL C150 sSC-1960/3] C150 .1960/3] C150 |88-C-1960/3
Silica (S10,) 23.1 Min.% 21.0 21.0
Alumina (Al,04) 4.3 | Max.% 1.5 6.0 6.0 1.5
rernc Oxide (fe;0s) 3.9 Max.%, 5.0 6.0 6.0 6.0
" Calcium Oxide (CaQ) 63,3
Magnesia (MgO) 1.7 | Max.% 6.0 6.0 6.0 6.0 6.0 6.0
Sulfuric Anhydnide (SO,)
When 3Ca0.Al,0, is 8% or leas 2.0 Max.% 3.0 3.0 3.0 3.0 '35 35
When 3Ca0.AlL,0, is over 8% Max.% 3.5 3.5 4.5 4.5
Ignition Loss 1.3 ] Max.9% 30 3.0 3.0 3.0 30 30
Insoluble Residue : 0.29 } Max.9, 0.75 0.75 0.75 0.7 0.75 0.75 -
Potential Compounds
Tricalcium Silicate (3Ca0.Si10s) 42
Tricalcium Aluminate (3Ca0.Al,0,) 4.8 Max.% 15.0 8 8 15 18
35
PHYSICAL :
Fineness, Specific Surface, (Wagner) o Min. 1600 | 1600 1600 1600
(Blaine) 3380 | Min. 2800 | 2800 2800 2800
Soundness, Autoclave Expansion 0.04 § Max.% 0.80 0.80 0.80 0.80 0.80 0.80
Time of Set (Gillmore)
Initial (Hr. : Min.) 2:55 } Min. 1:0 1:0 10 1:0 1:0 1:0
Final (Hr. : Min.) 5:05 | Max. 10:0 | 10:0 10:0 10:0 10:0 10:0
Compressive Strength, psi.
1-day Min 1800 1800
3-day 1000 ~ TB20 [ Mi=. 1800 | 1800 [KXROIKX | 1500 3500 3500
7-day 1700 2580 |} Min 2800 | 2800 [XXZBOIKX | 2500 (a) (b)
“Total Equivalent Alk. 0.50f Max. | 0.60
Heat of Hydration @ 7 days 66 Max. 70

(s) Effective only when s0 specified by purchaser. (b) Strengths at any age higher than strengths at next preceding specification age.

NOTE.—All test specimens were made and stored under strictly controlled temperature conditions. All testing
equipment used complies with the requirements of A.S.T.M. and Federal Specifications for Portland Cement.

For Willow Creek Dam Job #DACW 68-82-C-0018 r

Date, June 22, 1982 g 77 Wk

iy Cont.rdSup-
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USAE District, Walla Wall
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ATTN: Mr. Ernie Schrader,
NPWEN-FM .

Bldg. 602, City-County Airport
Walla Walla, WA 99362

REPOQRY OF TESTS OF
PORTLAND CEMENT

FrrROMY? C:;:l"‘: OF ENCINELRS
Stru¢tuids Laboratory
Waterways Exp Station
ATIN: Cem & Pozz Unit
P O Box 631

Vicksbury, MS 39180

] CWT REFPRISENT

:{quxl‘ ORT N N[’w—'737 871 ' NO-

T COMS | eane 30 June 42

A R1IoN: hbh_.g —_ l 96.01.—1,- l_y _(___lL LA Hi

14 June 82

U\ll SAMEL

cerrany: Lehigh Cem Co., LozaTiON

Metaline Fdlls . WA ] BRAND:

THIS CENENT CIUES X MEUT SFECIFICAT ON REQUIREMENTS

-

SAMPLE NO. L/ C

5‘02, =

N

Ao, =

Fean. i

M0, %

503. T

.

LOSS ON IGNITION, %

ALKALIES-TOTAL AS NGZO. 5

w

)
£\
Q

e O,
z

(V3]
|
i
[

.

~

KZO' o

.

INSOILURLE RESIDUE, %

—

Ca0O, %

OlWIVHIULININTWIO|O|

£

HONINOICIOO|FININSIEN

INITIAL SET, 3 "MIN

CS ™ 2 9

C,AtC,s o 49

CLAF, = 12

CLAF +2 CyAL - 20

HEAT C¥ MYDKEATION, 7D, CAL G 67 7(; a

HEAT OF HYDRATION, 28D, CAL/G

SURFACE AREA, 5Q CM./G (A.P.) 3450 | o

AiR CONTENT, 7.7

COMP. STRENGTH, 3 D, PsI 2270 P2

COMP. STRENGTH, 7 D, PsI 3550

COMP. STRENGTH, D, PSI ’
FALSE SET-REN, F/I. 5

SAMPLE NO. 1
iu*roc: AVE EXP., 0.06

.
PITIAL SET, &2 'MIN 2:40
o
:

FINALL €T, =7 "JIN 4

SAMPLE NO.

AUTOCLAVE ExP.,, ~

FINAL SET, HR/VIN
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CC: Res Engr, Heppner, OR
Lehigh Cem Co., Metaline Falls, WA
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TO!

USAE District, Walla Wallp

FROM: CORPS OF ENGINEERS
U. S. ARMY

Structures Laboratory

ATTN: Mr. Ernie Schrader REPORT OF TESTS OF i
NPWEN-FM PORTLAND CEMENT X%%ﬁfwégi Exgoigaﬁtgg

Bldg. 602, City-Co. Airpoft P O Box 631

Walla Walla, WA 99362

TEST REPORT NO. NPW-2Q5—821 BIN'NO. ] cwr rRepresenTED:  CQMS T DATE: 6 July 82

SPECIFICATION:

IDATE sampLep: 22 June 82

SS-C-1960/3, Type II, 1A, HH

—ten

COMPANY: LEhigh Cem Co.,

]LOCATION Metaline Falls,WA

l BRAND:

THIS CEMENT DOES X

MEET SPECIFICATION REQUIREMENTS
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CC: Res Engr, Heppner, OR
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To: . FROM: CORPS OF ENGINEERS
USAE District, Walla Wallla Struéza;ggYLaboratory
ATTN: Mr. Ernie Schrader, RLFORT OF TESTS OF Waterways Exp Station
Bldg. 602, City-Co. Airpart PORTLAND CEMENT ATTN: Cem & Pozz Unit
Walla Walla, WA 99362 P O Box 631

Vicksburg, MS 39150
1es1 eerort no. NPW=254-82 l BIN'NO. l CWT REPRESENTED: CQMS J pAaTE: 15 July 82
SPCCIFICATION: $5-C-1960/3, Type II, LA, HH I pate sampLen: 23 June 82
comeany: Lehigh Cem Co | Location Metaline Falls, WA [ arano:
TIS CEMENT DOES X  MEET SPECIFICATION REQUIREMENTS
SAMI’LE NO. l

oL 22.9
"‘\—'_:"3' 3.8

e 4.2
2.1
2.4
1.05Y orll IGNITION, ™ 1.3
ALRALIES= TOTAL AS No,0, % 0.57|*%Ref Para 5. 4. App {, ER 1110-1-2002, datled 11/1
No,O. % 0.14| exceeds critdical limit for |Total Alkali
kL0 0.66
INSOLUBLE RESIDUE, ™ 0 . 29

[ oo, = 61.4
C,5. 37
C3A, " 3
CZS, 38
C,A +C,5 % 19
CGAF' 13
C,AF 1 2C A, % 19
HEAT OF HYDRATION, 7D, CAL/G 63
HEAT OF HYDRATION, 28D, CAL/G
SURFACE AREA, SQ CM/G (A.P.) 3460
Al CONTENT, % 8.0
COMP. STRENGTH, 3 D, PSI 2270
COMP. STRENGTH, 7 D, PSI 2900
COMP. STRENGTH, D, PSI L
FALSE SET-PEN. F/I. "

SAMPLE NO. 1
AUTOCLAVE EXP., % 0.01
INITIAL SET, HR/MIN 2 H 30

i SET, HR/MIN 4:35
SAMPLE NO.

AUTOCLAVE EXP., 7 ]

——thlTIA:. SE; HR/MIN
FINAL SET, HR/MIN
remarxs: Project Sample DACW68 82-C-0018
CC: Res Engr, Heppner, OR

Lehigh, Metaline Falls, WA
THE INF ORMATION GIVEN IMN THIS REFPORT SHALL NOT BE USED IN ADVFE PT|'>|NC. [e) ES PROMOTION TO INDICATE ENTHES Zx20L!CITLY
OR ML TCTTEY EMNOORSEMENT UF THIS PRODUCT BY THE U. S, (‘O\/r
EJ
Chlef, Cement & Pozzolan Unit

1/77,

ENG FORM

1 MAR 72 6008-R ) ‘ EXHIBIT 2.1
Sheet 7 of 12



_|cC: Res Engr, Heppner, OR 97836

T FROM: CORPS OF ENGINEERS
USAE Dist. Walla valla Str:éza?gs Laboratory
ATTN: Ernie Schrader, ¢

T prnte Seh OISOt | yaceruays Bxp Station
Bldz. 602, City-CO,A/port ATTIN: Cem & Pozz Unit
walla Walla, WA 99362 P 0 Box 631

Vicksburg, MS 391%0

1651 aerort no. NPW=270-82 l BIN'NO. . ] cwr rerresenten:  CQMS 1 pate: 21 July 82
SPECIFICATION: SS—C-1960/3, Type II, LA, HH IDATE SAMPLED: 1 July 82
companv:Lehigh Cement Co. ] rocation_Metaline Falls, WA lBRAND:
THIS CEMENT DOES X MEET SPECIFICATION REQUIREMENTS

=
o

SAMPLF NO.

5
o
N
N
N

o
-

LOSS ON IGNITION, %,

AUKALILS= TOTAL AS Na,O, % 8 0*Ref Para 5.a.App C, ER 1110+1-2002] dated
Na,0. % 5 .14] exceedb critical limit for Total Alkalies
K,O, .66 .70
INSOL UBLE RESIDUE, 6 2

U= O [N [ O O [N
o o
Wi |- O = (OO [N 0o

[She)]
Wi

MO OIOI0CIO N |FW| W
NOIRICI0ICIO NN I

~
s

Eal
o
w
~I

o
»
+
O
w
»
~
o
~
w

=
N
et
N

CLAF.

N
=
N
=

CAAF t2 CSA’ k4

(o))
~

HEAT OF HYDRATION, 7D, CALL'G

HEAT OF HYDRATION, 28D, CAL, G

SURFACE AREA, SQ CM/G {A.P.) 3920 3570

AR CONTENT, ™ 7.5 7.8
COMP. STRENGTH, 3 D, PSI 1970 2270
COMP. STRENGTH, 7 D.PSI 2750 3380
COMP. STRENGTH, D, PSt

FALSE SET-PEN. F/I. ™

SAMPLE NO.

ALTOTLAVE EXP,, ™

INITIAL SET, HR/MIN

HINIO |-
W, O N
[@X{e)]ed

N

~

o

FINAL SET, HR/MIN

SAMPLE NO.
 GUUER S —

AUTOCIL.AVE EXP,, ™

INITIAL SET, HR/MIN

FINAL SET, HR/MIN

wemancs:  Project Sample DACW68-82-C-0018

Lehigh Cem Co., Metaline Falls, WA

THE 1 ORMATION GIVEN IN THIS REFORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE FITHER EARLICITL Y
ORCIMELTCTT LY ENDORSEMENT OF THIS FROGODUCT 37 THE U, S GOVERNMENT.

Loy B 1aharte,

R. E. REINHOLD
Chief, Cement & Pozzolan Unit-

Y — ) EXHIBIT 2.1
Sheet 8 of 12

11/11y



=0 FROM: CORPS OF ENGINEERS

USAE District, U. 5. ARMY

ATTN: Ernie Schrader, NBWEN-FMgeporT oF TESTS OF Stf”CturfsE‘»‘ang?E‘?rY
Bldg. 602, City-County Airport PORTLAND CEMENT aterways EXp sStation

. ATTN: Cem & Pozz Unit
‘-’ Walla Walla, WA 99362 P.0O. Box 631

Vicksburg, MS 39180

TesT REPORT NO. NPW-310-82 l BIN'NO. l CWT REPRESENTED:  CQOMS J cate 17 August 1982
srecicicarion: ASTM C150, Type I1I. 1A, HH [oave saweceo: 31 July 1982
coweanv: Lehigh Portland Ce, vocaron Metaline Falls, WA BRAND:
THIS CEMENT DOES X MEET SPECIFICATION REQUIREMENTS
SAMPLE NO. ' . ) 1 .
si0,. - 22.
"'TT" AIJO}‘ ’ .
MqQ, -~ .
SO,

o
SOV NN IN WO IO

LOSS ON IGNITION, ™.

ALKALIES~- TOTAL AS NuZO. kS

Nuz(). %

K 20. i

INSOLUBLE RESIDUE, ™

WNINIOIOIO IO I ININ [N

Cu0, = 6 .
35 4

ch -

28
Cyh +CyS. - 50
CLAF. ™, 13
CLAF +2CyA, % 20
HEAT OF HYDRATION, 7D, CAL/G 63

HEAT OF HYDRATION, 28D. CAL: G

SURFACE AREA, SQ CM/G (A.P.) 3660
AIR CONTENT, ™ 8.8
COMP. STRENGTH, 3 D, PSI 2560
COMP. STRENGTH, / D, Psi 3590
) COMP. STRENGTH, D, PSI
il FALSE SET—PEN. F/1.
SAMPLE NO. . 1
AUTOCLAVE EXP., * 0.02
bINIHAl_SET, HMR/MIN 3:00
FINAL SET, HR/MIN 4:40

SAMPLE NO.

AUTOCLAVE EXP., %

INITIAL SET, HR/MIN

FINAL SET, HR/MIN

REMARKS:

Project Sample DACW68-82-C-0018,

CC: Resident Engineer, ‘Heppner, OR 97836
Lehigh Cement Company, Metaline Falls, WA

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADV S R SALES PRNYMOTION TO INDICATE EITHER EXPLICITLY
OF IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GO\, NMEN

)r(f A,

R.E. R ’\IHOLD
Chief, Cement & Pozzolan Unit

4
e oy p— — EXHIBIT 2.1
. Sheet 9 of 12




TLTA

TO: FROM: CORPS OF ENGINEERS

USAE District, Walla Walla U. S, ARMY

3 Structures Laboratory
ATTN: Ernie Schrader REPORT OF TESTS OF Waterways Exp Station
NPWEN-FM PORTLAND CEMENT ATTN: Cem & Pozz Unit
Bldg. 602, City County|Airport P.0. Box 631

Walla Walla, WA 99362 Vicksburg, MS 39140

Test rRePorRT NOo. NPW-317-82 l BIN'NO. l cwr representen:  CQMS [ oate: 24 August 1982
seecikication: ASTM C150, Type II, LA, HH IDATE sampLen: 11 August 1982
COMPANY: Isehigh Portland I Location Metaline Falls, WA IBRANO:

THIS CEMENT DOES X MEET SPECIFICATION REQUIREMENTS

p—

SAMPLE NO.

SiOZ, "

[N

Alej. K

Fezoa, kA

MgO,

503,

.

LOS5 ON IGNITION, ™%

ALKALIES-TOTAL AS Na,0, %

Nazo. %

OO |

KZO' %

INSOLUBLE RESIDUE, %

CoO, =

SN =W N W IN OO

SN
MOINIO|IO|O|ICIOIN|INIWIWIF

CSS' o

CyA, %

CZS' “t

S 31 ]
Wi

C3A + css, o )

C‘AF, kA

C‘AF +2 C3A' %

N
ooiN

HEAT OF HYDRATION, 7D, CAL/G

HEAT OF HYDRATION, 28D, CAL/G

SURFACE AREA, SQ CM/G (A.P.) 3720

AIR CONTENT, % 9.2

COMP. STRENGTH, 3 D, PSI 2170

COMP. STRENGTH, [ D, PsI 3170

COMP. STRENGTH, D, PSI

FALSE SET-PEN. F/I, 7%

SAMPLE NO. 1

AUTOCLAVE EXP., 7, 0.03
INITIAL SET, HR/MIN 3:10

FINAL SET, HRIMIN \ 5:15

SAMPLE NO.

AUTOCLAVE EXP., 7

INITIAL SET, HR/MIN B

FINAL SET, HR/MIN

'

REMARKS: Project Sample DACW68-82-C-0018.

CC: Resident Engineer, Heppner, OR
Lehigh Cement Company, Metaline Falls, WA

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GOVERNMENT.

R.E. REINHOLD
Chief, Cement & Pozzolan Unit

ENG FORM

1 MAR 72 6008-R EXHIBIT 2-1
Sheet 10 of 12




t TO: ! A ' ' FROM: CORPS OF ENGINEERS
AT Eemie Sihrader ,ggvlvi,g-m Structufes Laboratory
: REPORT OF TESTS OF Waterways Exp Station
Bldg. 602, City-Co.Airpoxt PORTLAND CEMENT ~ |ATIN: Cem & Pozz Unit
Walla Walla, WA 99362 P 0 Box 631
Vicksburg, MS 39180
test reporT N0 'NPW-333-82 | BIN'NO. l CWT REPRESENTED: (C(OMS l OATE: 14 Sept 82
srecirication:. ASTM C-150, Type II, LA, HH [oare sampieo: 17 Aug 82 -
comrany:. Lehigh Co. | Location Metaline Falls, WA |arano:
rris cement poes  NOT  MEET SPECIFICATION REQUIREMENTS *
SAMPLE NO. 1
5i0,. % 21.5
Al0,, 4.0
roou 4.2
MgO, 7 2.3
50,. % 2.4
LOSS ON IGNITION, % 1.0
ALKALIES-TOTAL AS Na,0, % 0.48
- 0.13
K,0. 7 0.53
INSOLUBLE RESIDUE, % 0.13
ce0, % 63.4
C,5. 56
CLA. ™ 3
P 19
CA+CS % 59
CLAF. % 13
CLAF +2C,A, % 19
HEAT OF HYDRATION, 7D, CAL/G 73 *Fails Heat Hydration 7 day
HEAT OF HYDRATION, 28D, CAL/G :
SURFACE AREA, SQ CM/G (A.P.) 3750
AIR CONTENT, % ’ 9
3@’ COMP. STRENGTH, 3 D, PSI 2470
_ COMP. STRENGTH, / D, PSi 3700
b COMP. STRENGTH, D, PSI
FALSE SET-PEN. F/I. %
SAMPLE NO. 1
AUTOCLAVE EXP., % 0.05
INITIAL SET, HR/MIN 3:00
FINAL SET, HR/MIN 5:00
SAMPLE NO.
AUTOCLAVE EXP.. %
INITIAL SET, HR/MIN
FINAL SET, HR/MIN
rewarks: Project sample DACW68-82-C-0018
CC: Resi. Eng., Heppner, OR 97836
Lehigh Cement Co., Metaline Falls, WA 99153
THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER EXPLICITLY
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GOVEM
v g =
¢ ré;z%/ &/
} . ). (S P
v R. E. REINHOLD
) Chief, Cement & Pozzolan Unit EXHIBIT 2.1

ENG FORM
1 MAR 72 6008-R

Sheet 11 of 12



FROM: CORPS OF ENGINEERS

TICJ)SAE District, Walla Walla

U. S. ARMY
; Structures Laboratory
ATTN: Ernie Schrader, NPWEN-FM pronpr oF TESTS OF ;
Bldg. 602, City-Co. Airpgrt PORTLAND CEMENT Xﬁﬁf‘”ég: Exgog‘;a&g‘t‘
Walla Walla, WA 99362 :

P 0 Box 631
Vicksburg, MS 39180
rest reporT no. NPW-338-82 l BIN'NO. ‘ cwT RePRESENTED:  CQMS I oate: 9 Sept 82
speciFicaTion: ASTM C150 , . Type II, LA, HH ‘ oate sameLeo: 24 Aug 82
cowranv: _Lehigh Cem Co. Locaron__Metaline Falls, WA |erano
THIS CEMENT DOES X MEET SPECIFICATION REQUIREMENTS
SAMPLE NO. 1
S0y 22.2
Al,0,. 7 3.9
Fe,0,. % 3.7
MgO, ™ 2.5
50,. " 2.2
LOSS ON IGNITION, 7 1.2
ALKALIES-TOTAL AS Na,0, % 0.45
Nego 0.11
K,0. % 0.51
INSOLUBLE RESIDUE, % 0.16
ceo, = 63.0
. 50
CyA. ™ 4
C,8. % 26
C,A +C,S, % 54
CLAF, 11
C,AF +2C, A, % 19
HEAT OF HYDRATION, 7D, CAL/G 64
HEAT OF HYDRATION, 28D, CAL/G
SURFACE AREA, SQ CM/G (A.P.) 3320
AIR CONTENT, ~ 9
COMP. STRENGTH, 3 D, Psi 2520
COMP. STRENGTH, 7 D, Psi 3080
COMP. STRENGTH, D, PSI
FALSE SET~-PEN. F/1. %
SAMPLE NO. 1
AUTOCLAVE EXP., ~ 0 005
INITIAL SET, HR'MIN 3:35
FINAL SET, HR/MIN 4:35
SAMPLE NO.
AUTOCLAVE EXP., "
INITIAL SET, HR/MIN
FINAL SET, HR/MIN

REMARKS: project Sample DACW68-82-C-0018

CcC: Res Engr, Heppner, OR
Lehigh, Metaline Falls, WA

THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISJ OR SA
OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GO»E—RN?ENT

el (o

R. E. REINHOLD

Chief, Cement & Pozzolan Unit :

eo rom coce ' EXHIBIT 2.1
\ ~ Sheet 12 of 12

S PROMOTION TO INDICATE EITHER EXPLICITLY




EXHIBIT 2.2

TYPICAL FLY ASH ANALYSES



PR A R

StTuctures Laboratory :;gtfg%_gz
Waterways Exp Station REPORT OF TESTS

. ON POZZOLAN
ATTN: Cem & Pozz Group SS—C~1960/5 SHEET 1 oF 1
P.0. Box 631 80 oave: 22 Jan &2
Vicksburg, MS 391 10 Feb 82
CLASS ( r) N I KIND OF POZ ZOL AN: Fly Ash

source: Pozzolanic Intl., Rock Springs,

WY

LBRAND:

TEST RESULTS OF THIS SAMPLE LOT m COMPLY D DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)

FOR USE AT:

CONTRACT NO.:

DISTRICTI(S):

Bureau of Reclamation

PSP

SAMPLED BY:

}DATE sampLED: 14-18 Dec 81

CAR NO.:

I BIN NO.:

1 & 3-350 tons

FIELD SAMPLE NO.:

LAB SAMPLE NO.:

DATE RECEIVED:

7 Jan 82

LAB JOB NO.:

TESTED B8Y:

Cem & Pozz Group

CHECKED BY:

TESTS ON COMPOSITE OF THE 100-TON SAMPLES LISTED BELOW

Si0, + Aly0, o AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE | REDUCTION IN
+ Fe,0, u:o 2 ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
- % % CONTROL % (a) % % (b)
REQUIREMENTS
MIN 70.0 l MAX 5.0 I MAX 4.0 l ’ } MIN 75 ' MAX 0.03 l MAX 0.30 [ MIN 75
TEST RESULTS
84.6 1 1.6 | 0.5 ] * o5 ] T =0.05 ]
TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS
Fineness| % pts wATER sP GR
SAMPLE :g:‘s::naf ILG?::I%':‘ 325 Mesh |var fro n,o;;'c‘f_m REQUIREMENT SPECIFIC VA::J;:ON
e . 9 . STRENGTH GRAVITY AVERAGE OF
- * |Sieve % iavg preysTREw % of phicibiel A
|Retained 10 ontrol 10, %
REQUIREMENTS
MAX MAX MAX MAX MIN MAX MAX
-_— 3.0 10.0 (N) 900 o
6.0 (F) 34 5 105
TEST RESULTS
1 0.0 0.4 22 0 1250 2.35 2
3 0.0 0.3 26 4 1250 2.35 2
Bin Composite 93
R Fadtor = 0J26
Ca0 = 5.9
AVERAGE 2. 35

(a) APPLICABLE ONLY TO CLASS N
(b) OPTIONAL REQUIREMENT

LABORATORY CEMENT USED Cﬁ.d&ala_llj_ﬁlii._m—.
LABORATORY LI emstone
iremenks. *28 day test results. ]

Al

rewancs: 1e€ts 7 day specificati

1.2
E. REINHOLD

-R. v
ActingﬁChlef Cement & Pozzolan Group

NOTE: THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER

_ EXPLICITLY OR MPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GOVERNMENT.
ENG FORM NO. 6000-R
1 AUG €7

EXHIBIT 2.2
Sheet 1 of 19




("o ceocrn -~

Ene FORY NO.
1 Ave 87

6000-R

T T

EXHIBIT 2.2
Sheet 2 of 19

N
‘S"“"'”:"' L b MEIORY MO Ii}‘x‘s‘f —_———— -
tructures Laboratory ’ "
Waterways Exp Station REPORT OF TESTS @S-lllF-BZ | ‘: r
ATTN: Cem & Pozz Group 01 POzZOLAN eer o i APR 51982
P.0. Box 631 -C-1960/5 1 ﬁ‘\ —
Vicksburg, MS 39180 oate. 29 Mar 82 o
cLass (f ) N —' KIND OF POZ ZOLAN: Fly Ash ——T
soumce. pozzolanic Interpational,Rock Springs,WY | enswe:
YESY RESULTS OF TwHiS SAMPLE LOY m COMPLY D DO NOY COMPLY WITH SFECIFICATION LIMITS ISEC R[MAQK‘)
FOR USE AT: Creek Dam
CONTRACT.NO.: DACW62—82—C—0018
DISTRICTIS): Walla Walla
saurLED BY: PSP ] oavesauwrico. 19 Mar 82
‘ cAm no.:see Bemarks l BIN NO.: NA
: FIELD SAMPLE NO.: LAN SAMPLL NO.:
oave necewveo: 3722 /82 LA® JOU NO.:
x resteosy: Cem & Pozz Group CHELCKED BY:
; YESYS ON COMPOSITE OF Y‘NE ‘“I'TON SAMPLES LISTED BELOW
f . $io, ¢ ;'x:’l g0 0, AVAILADLE POIZOLAN INCREASE N AUTOCLAVE | REDUCTION IN
¢ Fe,0, b Iy ALKALIES STRENGTH SHRINKAGE €XPANSION EXPANSION
[} : * % CONTROL < te) a = tb)
RCOQUIREMENTS
MIN 70.0 | MAX .0 l MAX 4.0 ] max] . 501 MiIN 7S I MAX 0.03 I max 0.80 ] MIN TS
YESY NESULTS
85.6] 1.8 | 0.4 |* T* ] [=0.04 |
TESTS ON SAMPLES REFPRESENTING 100 TONS OR LELS
| Fineness | % pts waren sP GR
o nurce | somrome | rosson 325 Mesh VAT fropaoiista |meoumient| secome | rmow
: wo. * . Sieve % ‘lavg preysTmne™ | 7 of R ATy | e
1 Retained 10 ontrol 10. %
; REQUIREMENTS
: MA MAX MAX MAX MIN MA
| — 2o oo te) 34 5 s00 Tﬁ? y
\ . YESY RESULTS
\ 1 0.1 0.4 23 1 1180 2.35 1
' 2 0.0 0.4 26 4 1150 ~2.36 1
i 3 0.0 0.4 25 3 1410 2.36 1
4 0.1 0.4 24 1 1180 2.35 0
S 0.0 0.3 24 0 1390 _— 2.36 0
' BIN COMPOSITE | 92 /
Meets 7 days|specififation requirements ’ EES%"K%?% day/tedt result
- : i ! 2571/ 4169 WaIIZE ntef -
XK E. REINHOLD {
cting Qhief, Cement & Pozzolan Gr
AVERAGE 2'36
te) AMPLICABLE ONLY TO CLASS N LABORATORY: CEMENT USED Tdeal, Tijeras, NM
b) OPTIONAL REOUIREMENT LABORATORY LIME USED emstone
nowmcs Meets /7 day specification requirements. *28 day test results.
, Sample No.1 Sample No. 2 Sample No. 3 Sample No. 4 Sample No. ]
RR Car NB"P‘HZZ". 295 13032 .- 19349 13328 13109 ]
: 131 13148 19363 13130° 19625
T " .
L ) 13030 13073 19804 13317 19879
' 13157 13366 19585 13152 13008
NOTE: THE INFORMATION GIVEN IN ™IS lleﬂo"u,Y “‘}LL NOT BE USED N ADVERTISING OR SALES PROMOTION TO INDICATE EITHER
: EXPLICITLY OR MPLICITLY ENDORSEMENT OF Tﬂl‘ PRODUCT BY THE U. 5. GOVERNMENT.

“
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L ALORATORY: RKEPORT NHOL
Structures Laboratory WES—179F-82
Waterways Exp Station R%?gg;;tiys - TS T R e e
ATIN: Cem & Pozz Unit ‘ $5-(-1960/5 SHEET oF 1
POBox 61 e ey 82
Vicksbur '

& 9 June 82

CLASS »(F ) N I KIND GF FOZZOLAN: F].Y Ash

sourcs:  Pozzolanic Northwest, Rock Springs, WY | prano:

TEST RESULTS OF THIS SAMFLE LOT FX COMPLY [j DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)

FOR USE AT: j\

CONTRACT NO.:
 DISTRICT(S): Bureau of Reclamation & Walla Walla

saneLEo BY: PSP l DATE SAMPLED: 4 May 82

CAR NO.: [ emnwos  $#3-160 tons + Railroad Cars 975 tons **

FIEL.ND SAMPLE NO.: LAB SAMPLE NO.: .

PATE RECEIVED: 7 May 82 LAB JOB NO.:

resten vy:  Cement & Pozzolan Unit CHEGCKED BY:

TESTS ON COMPOSITE OF THE 100-TON SAMPLES LISTED BEL.OW

S.IOZ + A|203 M40 <o AVAILABLE POZZOLAN INCREASE IN AUTCCLAVE REDUCTION IN

+ Fe,04 ?, 3 ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
- N N % © CONTROL % (o) 3 by

REQUIREMENTS

MIN 70.0 i MAX 5.0 I WAX 4.0 l max1.50 i MIN 75 ‘ MAX 0.03 ] MAX 0.50 ! i 7S
TEST RESULTS
2221 2.0 | 0.6 [* 168 [ * 90 | [ 0.02 |
TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS .
iFineness| % pts WATER . P GR.
sampLe | MOISTURE | 0SS Ci | 325 Mesh |var fro.npo;%'iAN REQUIREMENT | cpeciFic VAR
NO. CON‘;ENT G? T i Sieve VA avg Preiv STR'E,:lGTH %2 of GRAVI'TY Ap\f;;:;:;
Retained 10 | Control 10, %
REQUIREMENTS
. MAX ‘;:’(‘N, MAX MAX MIN MAX MAX
3.0 5.0 (F) . 34 5 900 ].05 °
TEST RESULTS
1 0.0 0.36 26 2 | 1120 2.35 o
2 0.1 0.42 28 3 1090 2.35_}\ _O0__
3 0.1 0.38 20 5 1060 2.3 | 0 .
4 0.0 0.30 22 2 1070 | 2.36 o
BIN COMPOSITE | 92 -
| R _Fag¢tor = none S —
Ca0 = 4,7 S A
AVERAGE T 2. 36—’_4&”’:::" )
(a) APPLICABLE ONLY TO CLASS N LABORATORY CEMENT USED TIdeal, Portland, Co
b} OPTIONAL REQUIREMENT LABORATORY LIME USED ,Chemstone

ements. *28 day test results.

k*UP19631 UP13004
UP19432 UP13189

UP19824 UP19767 /ooh4éifé;4/

UP19392 UP19374 R. E. REINHOLD
~___Acting Chicf, Cement & Pozzolan Group

newanxs: Meets 7 day specificaz%p

NCTE: THE INFORMATION GIVEN 11 THIS REFORT SHALL NOT LE ULED 1IN ADVERTISING OR SALES PROMOTION TO HDICATE EITHER
EXPLICITLY OR IMPLICITLY CHNOORSEMENT OF THIS PRODUCT BY THE U. 5. GOVERNMENT.

ENG FOFM NO.
: 6000-R
1 AUG €7

EXHIBIT 2.2
Sheet 3 of 19
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Structures laboratory ) WES-229F-82 i
Vaterways LExp Station R[(;,?;ELZO,;O:_:\;]S T
%170 Cem & Pozz Unit 55-C-19Y60/5 sures 1 oF 1
P O Box 631 onve. 22 June 82
Vicksburpy, MS 39180 : :
SN Rt —
svonct Pozzolanic Inte I‘DG_LiQDa_L__&QCk_S_pr‘i_Uga,__}J_YW BRAND.
TELT KLSULTS OF THIS SANMPLE LOT k] czueLy () DO NOT COMPLY WiTH SPLCIFICATION LIMITS (SEE PEMARKS)
remwcar: Willow Creek Dam _ I
| CoNimAC NO: DACW68-82-C-0018
smactis. Walla Walla _
cavmiroov: PSP j DATC 5AMPLED 7 June 82
CAR HO.: l 81N NO.: 10 Raii—;oad Cars
FIELD SAMPLE NO.: LAB SAMPLE NO.:
CAYE RECEIVED: 14 June 82 LAB JOB NO.:
sesteo sv: Cement & Pozzolan Unit CHECKED BY:
TESTS ON COMPOSITE OF THE 100-TON SAWSLES LISTED BELOW
$10, ¢ aly0, l AVAILABLE POZZOLAN INCRE£SE IN AUTOCLAVE | KEDUCTION IN
+ ”203 Mio 50_: ’; ALKALIES STRENGTH SHRINKAGE EXPANSION EXFAIISION
- H b3 =~ CONTROL = o) % = b
REQUIREMENTS
44N 70.0 ] M—A)( s.C r MAX 4.0 ] MAX]_ - 50 i MiN 75 MAX (.03 ] MAX 0.50 1 MIN 75
TEST RUCULTS
9.7 [ 2.0 [ 0.4 ‘% El ! [ 0.01 | ]
TESTS SN SAMPLES REPRESFINTING 100 TONS OR LEST
o IFineness | % pts | } e mon
P i " | £ v TION
tawece | voone | Loreon 325 HMeShivar Lroi, aib ., vsariirer | apeame | oo
NO. . - Sieve % :avg Preiv ST n:‘:‘ctn é A of GnAvlTYJ Ap./::cr;c,;':;:
Retained| 10 | Control 0. %
REQUIREMENTS
MAX MAX MAX MAX Min MAX max
- s “o 34 5 o0 105 ’
TEST RESULTS .
1 0.1 ! 0.4 25 0 1060 | 2.35 0
2 0.1 i 0.4 27 2 1120 | | 2.3¢ |2
5 | 0.1 % 0.4 28 3 | 050 4 2.35 1 0 |
BIN COMPOSITE | 90 | ' ]
! | 4 ?
1 I N I
| i | 1
L i ] | o
B B, |
l
hAv:nAcL I —_— } [ES—
(0} APPLICABLE ONLY TO Ci.ASS N LABORATORY CEMENT USED Jdeal N Portland N CO
(5) OPTIONAL REQUIREMENT LABORAY ORY Lwcﬁ%cvh,edms tone
revanss Meets 7 day specificatio %28 day test results.
SAMPLE #1 SAMPLE #2 SAMPLE A3 "
UP-13236  UP-13160  UP-13157 Y}~ [‘/ 4
UP-13243  UP-13172  UP-131327p - NE LLCOALTC
UP-13188 UP-13044 >~132 T s ’
| HE—‘BQ&_ — _Chief, Cement & I’g‘fzolnn Group
NCTE: THE INFORIZATION CIVEN 34 THIS RLIZIZY SHALL NOT BL ULED e ARt 11 1506 00 SAL LS 150D 110N TO ILICATE £1T00 0
| EXPLICITLY OR WPLICITLY ENCOWSFVLST OF THIS PRODUCT AY Yol +1 ¢ GUVE RN NT.

DT RV
ey 13
Cav. e s

EXHIBIT 2.2
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LABORATORY. REPORT NO.:
Structures Laboratory WES—236F-82
Waterways Exp Station Rﬁopnogng’;oli:“ 23
ATTN: Cem & Pozz Unit SS-C-1960/5 sweer oF 1
P 0 Box 631 oate 28

ATE: June 82
Vicksburg, MS 39180 21 Juulev 82
CLAss (F) N ) I xiND oF PozzoLAN:  Fly Ash

source: Pozzolanic International,Rock Springs, WY [ srano:

TEST RESULTS OF THIS SAMPLE LOT m COMPLY D DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
Foruse aT: Willow Creek Dam

conTrACT No.: DACW68-82-C-0018

DISTRICT(S): Walla Walla

sampLeo BY:  Project ] DATE samPLED: 14 June 82
CAR NO.: l BIN NO.:
FIELD SAMPLE NO.: LAB SAMPLE NO.:
DATE RECEIVED: 18 June 82 LAB JOB NO.:
testeney: Cement & Pozzolan Unit CHECKED BY:
TESTS ON COMPOSITE OF THE 100-TON SAMPLES LISTED BELOW
$io, + aly0, Moo o AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE | REDUCTION IN
+ Fe,04 ’ 3' - 73 ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
« " L3 % CONTROL % {a) = ~ tb)
REQUIREMENTS
MIN 70.0 l MAX 5.0 ] MAX 4.0 I max] .50 [ MIN 75 I MAX 0.03 ] MAX 0.50 ] MIN 75
TEST RESULTS
|
83.6 | 1.8 [ 0.2 * 1720 F 102 | [ 0.11 ]
TESTS ON.SAMPLES REPRESENTING 100 TONS OR LESS
Fineness| 7 pts I P GR
: i
SAMPLE gg;‘s:::f »;?«fi:%: 325 Mesh |var fro npo;;;i/m REQUIREMENT SPECIFIC VA:RAOL'ON
NO. i Y STRENGTH 9 GRAVITY AVERAGE OF
% M Slevg % 1avg prew EN 7 of ERACE OF
.Retained 10 Control 10, =
< REQUIREMENTS
MAX MAX MAX MAX MIN MAX MAX
_— 5o 10.0 (N) 500 s
6.0 (F) 34 5 105
TEST RESULTS
1 0.2 0.1 21 4 1310 90 2.35 0
AVERAGE E—
(a) APPLICABLE ONLY TO CLASS N LABORATORY CEM o Southwest, Victorville ,» CA
(b) OPTIONAL REQUIREMENT ww%;ﬁchemstone

REMARKS: Meets 7 day specificarion r

rementg. ,/*287day test results.

R. E. REINHOLD
Chief, Cement & Pozzolan Unit

NOTE: THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER
EXPLICITLY OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GOVERNMENT.

ENG FORM NO.

1 AUG 67

6000-R

S DR EXHIBIT 2.2
o R o Sheet 5 of 19




LABORATORY ] ' ' REPORT NO.:
i T | oo s
ATTN: Cem & Pozz Unit _ %NSE%Z}?;%’E)/S sweET 4 or 1
512k22§r331ws 39180 | erves 1 July 82

= ! ' ' 30 Aug 82

CLASS (r ) N lg(mo or pozzoran: Fly Agh

source: Pozzolanic N/W Intl, Rock Springs, WY | srano:
TEST RESULTS OF THIS SAMPLE LOT m COMPLY D DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
Foruse aT: Willow Creek Dam

conTrRACT No.: DACW68-82-C-0018

oisTrICT(s:: Wg]lla Walla

samPLED BY: Project l PATE saMPLED: 19 June 82
CAR NO.: I ‘BinnNo.: RR Cars
FIELD SAMPLE NO.: LAB SAMPLE NO.:
oaTe RECeIVED: 24 June 82 LAB JOB NO.:
testeo 8v: Cement & Pozzolan Unit CHECKED BY:
TESTS ON COMPOSITE OF THE 100-TON SAMPLES LISTED BELOW
sio, + al0, oo o AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE | REDUCTION IN
4+ Fe 0, ?‘ w2 ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
" % % CONTROL % (a) % = (b)
REQUIREMENTS
MIN 70.0 l MAX 5.0 I MAX 4.0 ] max1.50 I MIN 75 l MAX 0.03 [ MAX 0.50 ] MIN 75
TEST RESULTS
84.8 ] 1.7 [ 0.5 [* 1,16 [* 95 | [0.02 ]
TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS
Fineness | 7 pts ware 5P GR
TER
sampLe | MOISTURE LOSS ON 325 Mesh|var fro "npo'z';'giAN REQUIREMENT SPECIFIC VA:::OTJON
NO. CONTENT 'G"':'o" Sieve % iavg prel STRENGTH 7 of GRAVITY AVERAGE OF
- - PSI PRECEDING
|Retained| 10 Control 10, %
REQUIREMENTS
MAX MAX MAX MAX MIN MAX MAX
J— 5.0 10.0 (N) 900 S
A 34 5 105
) TEST RESULTS
1 0.0 0.2 22 1130 94 2.38
iR,
-z T
AVERAGE
(a) APPLICABLE ONLY TO CLASS N LABORATORY CEMENT USED ‘Ideal, Superior,
(b) OPTIONAL REQUIREMENT LABORATOR Chemstone
remarks: Meets / day specificatio nlrement . %28 day test results.

el

R. E. REINHOLD
Chief, Cement & Pozzolan Unit

NOTE: THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER
EXPLICITLY OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT BY THE U. 5. GOVERNMENT.

ENG FORM NO. 000-F
1 AUG 687 8!

)

EXHIBIT 2.2
o Sheet 6 of 19




LABOKAICHY REPFORY NO.:

Structures Laboratory : e o
REPORT OF TESTS - WIES=249F-82

Waterways Exp Station ON POZZOLAN

ATTN: Cem & Pozz Unit ‘ $S-C-1960/5 SHEET 1 oF 1
P 0 Box 631 oaTE: 1 July 82
Vicksburg, MS 39180

CLASS  (F ) N I kiND OF POZZOLAN:  Fly Ash

source: Pozzolanic N/W Int' 1, Rock Springs, WY | BRAND:

TEST RESULTS OF THIS SAMPLE LOT [ coMPLY [T7 DO NOT COMPLY WITH SPECIFICATION LIMITS {SEE REMARKS)

FOR USE AT: Wi]_iow Creek Dam

CONTRACT NO.: DACW65-82-C—0018

DISTRICTISY:  Walla Walla

SAMPLED BY: Project T DATE $AMPLED: 22 June 82
CAR NO.: l BIN NO.: RR Cars
FIELD SAMPLE NO.: LAB SAMPLE NO.:
oave REcewveD: 2/ June 82 . LAB JOB NO.:
resteo ev: Cement & Pozzolan Unit CHECKED BY:
TESTS ON COMPOSITE OF THE 100-TON SAMPLES LISTES BELOW
$i0, + Al0, o AVAILABLE POZ ZOLAN INCREASE IN AUTOCLAVE | REDUCTION IN
+ Fe,04 M90 - .‘3 ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
. * - % CONTROL % {a) * . (b)
REQUIREMENTS
MiN 70.0 l MAX 5.0 , MAX 4.0 ] max1.50 I MIN 75 l MAX 0.03 I MAX 0.50 ] MIN 75
TEST RESULTS
80.51 2.1 ] 0.8 [ fe I [ 0.0 ]
TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS
Fineness!| % pts wATER sP GR
IATION
SAMPLE | O | O on 325 Mesh |var from.,;;oran |Recuirement SPECIFIC A eron
NO. : STRENGTH V GRAVITY AVERAGE OF
x % Slevg % ;avg prey sTREN Z of o
Retained| 10 Control 0. %
REQUIREMENTS
MAX MAX MAX MAX MIN MAX MAX
—_— Yo 10.0 (N) : 500 ; —_— s
6.0 (F) 34 5 105
TEST RESULTS
1 0.0 0.4 280 1050 86 2.40
‘ \
Al v M
AVERAGE
(0) APPLICABLE ONLY TO CLASS N LABORATORY CEMENT USED . Superior , NE
(b) OPTIONAL REQUIREMENT - LasoraTory Lime useo __Chemstone
remancs: Meets 7/ day specificati Te emenfys. *28 day test results.

=, L~¢44/
R. E. REINHOLD
Chief, Cement & PoZzzolan Unit

NOTE> THE INFORMATION GIVEN IN THIS REPORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOY ION TO INDICATE EITHER
EXPLICITLV OR IMPLICITLY ENDORSCMENT OF THIS PRODUCT BY THE U. S. GOVERNMENT.

ENG FONM %O,

1 AUG 67

- | . EXHIBIT 2.2
. - - | Sheet 7 of 19
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LALORATORY, ] REPORT NO.:

Structures Laboratory | WES-251F-82

Waterways Exp Station R%?ﬁgg;{i§$ T
ATTN: Cem & Pozz Unit §S-C-1960/5 sneer ] oF 1

P O Box 631 oare. 7 July 82 |
Vicksburg, MS 39180 |

cLass (F y N lxmoop pozzz-4n:  Fly Ash

scurce: Pozzolanic International, Rock Springs, WY | srano:

TEST RESULTS OF THIs samPLE LoT K1 ccrepiy [[] DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)

reruse at: Willow Creek Dam

conTrAcT NO.:  DACW68-82-C-0018

DISTRICTIS): Walla Walla

SAMPLED BY: PSP l DATE SAMPLED: 25 June 82
CAR NO.: I swwno: 10 RR Cars
FIELD SAMPLE NO.: LAB SAMPLE NO.:
CATE RECCIVED: 28 June 82 1.AB JOB NO.:
restec ev:  Cement & Pozzolan Unit CHECKED BY:
TESTS ON COMPOSITE OF THE 100-TON SAY=_ES LISTED BELOW
sio, + Aly0, " < } AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE ' REDUCTION IN
+ Fezos go -.C:s : ALKALIES STRENGTH SHRINKAGE EXPANSION ! EXPANSICN
- ' ) ‘ = % CONTROL % (a) " i = (b)
REQUIREMENTS
MIN 70.0 ] MAX 5.0 ! max§ 0 ‘ maxl .50 l MIN 75 1 MAX 0.03 [ max (.8 ] MIN 75
TEST RESULTS
85.6 | 2.1 | 0.2 | * [ * 1 | 0.03 |
. 1ESTS SN SAMPLES REPRESENTING 100 TONS OR LESS -
|Fineness| % pts L» - P GR
SAMPLE ng:é’ﬁf ;ZS;;%: z 3%5 }‘[E?h var fro Po;x)f_m\' RE(:U!RFIMENT SPECIFIC VA'::OTN:ON
NO. o ~ ESleve 7% avg prew STR‘E,:lGTH % of GRAVITY, A:REERCAEGDEINOGF
JRetained| 10 Control 10, %
) REQUIREMENTS ‘
- ' M;: “:'f:’:m :QL}X MAX »;lo'; MAX M;X
) 6.0 (F) Y - 5 105
TEST RESULTS
1 0.1 { 0.3 28 3 1140 | - 2.31 2
2 0.1 ] 0.3 29 4 1130 2.29 3
3 0.0 ¢ 0.3 28 2 1120 2.30 2
BIN COMPOSITE 95
T:tnAcc 2 . 30 I
e} APTLICADLE ONLY TO CLASS N LAEORATORY CEMENT USED Lehigh, Metaline Falls, W]
b)) OPTIONAL REQUIREMENT LABORATORY L»W\Chem's tone

acmancs. MEELS 7 days specificatiomn

Sample #1 Sample #2 Sample #3/
'P13317 UP13154 UP13095 /

'P13308 UP13386 UP13270 )
13320 yp13148  UP13176 K- E. KU

. UP13342 Chiefl_Cement & Pozzolan Unit

%728 day test results.

[N - ; -
€ (a4 3 !N'WAYIO’J GIVEN IN THIS REFZ=~ SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER

TRPLICITLY OR IMELICITA Y ENDORSE ST OF THIS PPOCUCT B¢ THE U. S. GOVERNMENT,

e ¢ suw;
6000-R

taut e

EXHIBIT 2.2
Sheet 8 of 19
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LAGORATORY: “ REPORT NO.:

Structures Laboratory WES-261F-82

Waterways Exp Station REPORT OF TESTS

ATTIN: Cem & Pozz Unit gg@g%f;gb/s SHEET 1 oF 1

P O Box 631 ‘ '
pare: 21 July 82

Vicksburg, MS 39180 y

CLASS ( F) N ‘ KIND OF POZZC-_ANTR1y Agh

source: Pozzolanic Northwest, Rock Springs, WY lW“Nm

TEST RESULTS OF THIS sampLE LoT [ X ccwpLy [[] DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)

ror ust aT: Willow Creek Dam

contrACT No.:  DACW68-82-C-0018

oisTRICTIS:  Walla Walla

sampLco 8v:  Project . l DATE SAMPLED: 29 June 82
CAR NO.: l BIx NO.: RR Cars
FIEL.D SAMPLE NO.: LAB SAMPLE NO.:
DATE RECEIVED: 2 July 82 LAB JOB NO.:
resteo sv:Cement & Pozzolan Unit CHECKED BY:
TESTS ON COMPOSITE OF THE 100-TON SAMSLES LISTED BELOW
:
5i0, + Aly0, AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE | KEDUCTION IN
MgOo so
+ Fe,0, . 2 ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
o % % CONTROL % (a) K = (b}
REQUIREMENTS
MIN 70.0° ] MAX 5.0 l max5 .0 [ max1.50 l MIN 75 ‘ MAX 0.C3 [ vax 0.8 l MIN 75
TEST RESULTS
82.4] 1.9 | 0.5 [*1.35 [ %90 | [ 0.09 |

TESTS N SAMPLES REPRESENTING 100 TONS OR LESS

Fineness| %Z pts N sP GR
: T
SAMPLE Zg:‘s:;:f l\;%s'ilc;r:‘ 325 Mesh|var fro Po;‘;‘;‘iAN REQUIREMENT SPECIFIC VAZ:OTJON
NO. . iex y/ STRENGTH 7 GRAVITY, AVERAGE OF
K » Sie Je- % 1avg pret\, Pst % of ’ PRECEDING
Retained 10 | Control : 10, %
REQUIREMENTS
MAX MAX HMAX MAX MIN MAX MAX
J— o 10.0 (N} 900 s
6.0 (F) 34 5 105
TEST RESULTS
1 0.0 0.3 25 1190 92 2.38
AVERAGE
(a) APPLICABLE ONLY TO CLASS N LABORATORY CEMENT USED _S_O.u_t.h_w_e.ﬁl:.e.lﬂl_;__ﬂﬁ_wﬂlllﬁ <
(b) OPTIONAL REQUIREMENT LABORATORY LIME USED Chemstone

remarcs: Meets 7 day specification requiarement. *28 day test results.

o;:;>n~\P¥3' \éu¢c)nz4:§4l_,)
»}SN\ R. E. REINHOLD

Chief, Ccment & Pozzolan Unit

NOTE: THE IKFORMATION GIVEN IN THIS PEFTE™ SHALL NOT Bt USED IN ADVEKTISING OR SALES_PF!OMOTM)N TO IN_L:;EATE EITHER
EYFLICITLY OR IMPLICITLY ENDORSEW T T OF THIS PRCLUCT BY THE U. S. GOVERNMEONT.

ENG FORM NO.

1 AUG €7 6%00-R

EXHIBIT 2.2
Sheet 9 of 19
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LAUORATORY:

Structures Laboratory
REPORT CF TESTS

REPORT NO.:

WES-278F-82

Waterways Exp Station

ATTN: Cem & Pozz Unit ON POZZOLAN

S$S-C-1960/5 SHEET 1 ° 1
P O Box 631 ' oate: 21 July 82
Vicksburg, MS 39180
ceass (F ) n Lxmo OF POZICLAN: Fly Ash
sounce:Pozzolanic Northwest, Rock Springs, WY |WMNm
TEST RESULTS OF THIS SAMPLE LOT X] CCMPLY D DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)
romuse at: Cucamonga Creek, Deer-Hillside
contrACT No.: DACW09-82-C-0017
DISTRICT(S): Los Angeles
s~wpLED BY: Project l DATE SAMPLED: 2 July 82

CAR NO.: l EIN NO.:

FIELD SAMPLE NO.: LAB SAMPLE NO.:

CATE RECEIVED: LAB JOB NO.:

12 July 82

resteo ev:Cement & Pozzolan Unit CHECKED BY:

TESTS ON COMPOSITE OF THE 100-TON SAMSLES LISTED BELOW

510, + Alo,

wgo co, AVAILABLE POZZOLAN INCREASE IN | AUTOCLAVE | REDUCTION IN
+Fe,0, 3 3 ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
. : ’ % = CONTROL = (a) % ~ (b)
REQUIREMENTS
MIN 70.0 l MAX 5.0 | max5 .0 l max1 .50 | mins l MAX 0.03 l max 0.8 ‘l MIN 75
TEST RESULTS
80.2] 2.5 | 0.5 [*1.23 [*84 | [ 0.07 |
TESTS 5N SAMPLES REPRESENTING 10U TONS OR LESS -
Fineness| % pts L I sP GR
SAMPLE 'égif:é’:f lla(:"ﬁ%: 32.5 ME§h var fros‘POl’L:'Z%?_AN REEUIREMENT s:&f,',?c AWS%,T’;ON
NO. 7. M lSleV(? % lavg pre}vsrn::,:‘c'm % of G N :R:C;;No:
iRetained 10 | Control 10, %
REQUIREMENTS
. MAX ‘gf:’(‘m MAX MAX MIN MAX MAX
3.0 oo 34 5 900 105 E— s
TEST RESULTS
1 0.0 0.3 28 3 1310 91 2.35 0
AVERAGE
(a) APPLICABLE ONLY TO CLASS N LrporaTory cevent useno _Lehigh, Me taline I11s, WA

(b} OPTIONAL REQUIREMENT LABORATORY LIME USED Chemstone

°Xi>m*§AE§' \
R. E. REINHOLD

semarcs. _Meets 7/ day specification requirements. *28 day test results.

e Lo

Chief, Cement & Pozzolan Unit

CXPLICITLY OR MPLICITLY ENDORSE =0T OF THIS PRODUCT B8Y THI Li. €. GOVERNMENT.

NOTE: THE INFORMATICON GIVE'! IN THIS REFPT=T *QLL NOT BE USED 11 ADVERTISING CR SALLES PROMOTION TO INDICATE EITHER

ENG FORM ND

v AUS €7 6000-R

EXHIBIT 2.2
Sheet 10 of 19




LAJGORATORY: REFORT MO.:
Structures Laboratory

Waterways Exp Station REPORT OF TESTS WES=281F=92
ATIN: Cem & Pozz Unit %Nsi%z_zf(l;%"o/s sHEET o q
P 0 Box 631 onie 26 July 82
Vicksburg, MS 39180 y

cLass () W lKINDOFPOZZOLAN: FlyAsh

source: Pozzolanic Northwest, Rock Springs, WY ]DRANm

TEST KESULTS OF THIS SAMPLE LoT X ] ‘covpLy [] DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)

FOR USE AT:

CONTRACT NO.:

ostrictis:  Walla Walla & Bu of Rec

sampLeo BY: PSP l DATE SAMPLED: 9 July 82

CAR NO.: I snno: 3 & RR Car = 1150

FIELD SAMPLE NO.: LAB SAMPLE NO.:

CATE RECHEIVED: 14 July 82 LAB JOB NO.:

resteo av: Cement & Pozzolan Unit CHECKED BY:

TESTS ON COMPOSITE OF THE 100-TON SAMPLES LISTED BELOW

sio, + al,0, Meo o AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE | REDUCTION IN
+ Fe,04 3' - 73 ALKALIES STREMGTH SHRINKAGE EXPANSION EXPANSION
. ° % % CONTROL = (o) LA = (b)

REQUIREMENTS

MIN 70.0 l MAX 5.0 l max5 0 [ max1.50 l MIN 75 I MAX 0.03 l max (0.8 l MIN 75

TEST RESULTS

g7.o0l 2.1 | 0,1 [* | 1 l 0.09Al

TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS

Fineness| % pts wATER sP GR
o
SAMPLE Zg::::f |Lc?qs|?'|oo,:n 325 Mesh |var fro “Po;;gi»w REQUIREMENT SPECIFIC VA:::OT’; N
NO. T . o) STRENGTH % GRAVITY AVERAGE OF
. % Sleve? % ravg prev TREN % of ERAE o
Retained 10 ontrol 10, %
REQUIREMENTS
MAX MAX MAX MAX MIN MAX MAX
R o 10.0 (N) 900 s
6.0 (F) 34 5 105
TEST RESULTS
1 0.0 0.2 24 2 1360 93 2.27 4
R Fackor = Nohe
Ca0 = 4.0
AVERAGE ——
(e} APPLICABLE GNLY TO CLASS N LasoraToRY cevent useo _oOUthwestern, Victorville,
(b) OPTIONAL PEQUIREMENT LABORATORY LIME USED Chemstone

rewsrcs:. Meets 7 day specification re¥uiremen¥s. *28 day test results.

‘ 2ece >t
R. E. REINHOLD
Chief, Cement & Pozzolan Unit
T T T e T e = AT L NOT AE UL D I ADVERTISING OR SALES PROMOTION 10 INGICATE EITHER |

EXFLICITU Y OR IMPLICITLY ENDORSEVE . T OF THIS PRODUCT BY THE U. S. GOVERNMENT.
ENG FOGRM HO

CA

6000-R
1 AUG 62
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LARORATORY

P.0. Box 631

Structures Laboratory
Waterways Exp Station

Vicksburg, MS 39180
Cement & Pozzolan Unit

|
il
|

REPORT OF

TESTS

ON POZZOLAN
SS-C-1960/5

KREPORT

NO.:

WES-290-F-82

SHEET

1 oF

1

vate: 5 August 1982

CLASS (F) N

l «ino oF rozzio:n: Fly Ash

source:Pozz. Int'l, Rock Springs, WY

l BRAND:

TEST RESULTS OF THIS SAMPLE LOT (K]

czweLy [ ] 0O NOT COMPLY WITH SPECIFICATION LIMITS (SEC REMARKS)

FOR UST AT:

Willow Creek DAm

contract no DACW68-82-C-0018

DISTRICTIS):

Walla-Walla

sampLEO 8Y: PSP

lDATE samPLED: 2() July 1982

CAR NO.:

[ =~~-10 RR car

s—1000 tons .

FIELLD SAMPLE NO.:

¥

LAB SAMPLE NO.:

DATE RECEIVED:

23 July 1982

LAB JOB NO.:

restec oy: Cement & Pozzolan Unit

CHECKED BY:

TESTS ON COMPOSITE

OF THE 100-TON SAWFLES LISTED BELOW

. I
sio, + Al,0, . | avaiLasLe FOZZOLAN INCREASE IN | AUTOCLAVE | REDUCTION IN
+ Fe,0, ”§° = © ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
- * ¢ X > % CONTROL % (e) - = (b
REQUIREMENTS
MIN 70.0° I MAX 5.0 [ vax§ 0 ] max1l.50 I MIN 75 l MAX 0.03 | max 0.8 l MIN 75
TEST RESULTS
84.3 | 2.1 | 0.4 * [ * [ [-0.05 |
TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS .
Fineness| % pts - sP GR
Z o\ LIME TER VARIATION
SAMPLE l(\:«(o);s:g:f ‘lecz‘s';%r:‘ 325 Mesh|var fro Moz z00an | REQUIREMENT SPECIFIC FROM
NO. " 1ew 9 STRENGTH y GRAVITY AVERAGE OF
. - Sieve % :avg prew° TREY % of f e o
Retzined 10 Control 10, %
PEQUIREMENTS
MAX MAX F: MAX MIN MAX MAX
P o 10.0 (N) 900 s
6.0 (F) 34 5 105
TEST RESULTS
1 0.1 ' 0.19 28 2 1150 2,34 0
|
2 0.1 | 0.08 31 4 1180 2,34 0
! BRin _Composite 92
t
! P
AVERAGE 2.34
(0) APPLICABLE ONLY TO CLASS N LABORATORY CEMENT USEL Lf_high—Me talin.e_Ealls s> WA
tb) OPTIONAL REQUIREMENT LasoraTory Live usen _Chemstone

L. UPL3145 2

REMARKS:  Mootg 7 day Specificat
. UP13189

uirements.

1
NOTE: THE INFORMATION GIVEN IN THIS REPZ=" SHALL NOT BE USE

13027 13172 ‘ ‘Lou4ély447
2 BiR TRCE ol
12124 13011 Chigf, Cement & PozXolan Unit

*28 day test results.

D IN ADVFRTISING OR SALES PROMOTION TO INDICATE EITHER
EXFLICITLY OR IVELICITLY ENDORTEV I~ GF THIS PRS0UCT BY THE U. S. GOVERNMENT.

ENG FORM NO.
6000-
1 AUG 67 R

EXHIBIT 2.2
Sheet 12 of 19
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LARORATIORY:

P.0. Box 631

Structures Laboratory
Waterwavs Exp Station
ATTN: Cem & Pozz Unit

Vicksburg, MS 39180

REPORT NO.:

WES-307-F-82

REPORT OF TESTS
ON POZZOLAN 1 1
SS C 1960/ SHEET OF

oate: 12 August 1982
14 September 1982

ceass (F) N l ino oF pozzc_an:  Fly Ash
soumce: Pozzolanic Int'l, Rock Springs, WY [ erano:
TEST RCSULTS OF THIS SAMPLE LOYT m SIvPLY D DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS}

Willow Creek Dam
CONTRACT NO.: DACW68-82-C-0018

oisrrictis: Walla Walla

FOR USE AT:

—

gpeevee o2 L)
B e bt

-
b
TSP

B g

[P

SAMPLEC BY: PSP

I oate saneLen: 30 July 1982

CAR NO.:

{Bin No:RR cars - 1500 toms

. FIELD SAMPLE NO.:

LAB SAMPLE NO.:

cave receiven: 4 August 1982

LAB JOB NO.:

cesteo av: Cement & Pozzolan Unit

CHECKED BY:

TESTS ON COMPOSITE OF THE 100-TON SAMFLES LISTED BELOW

sio, + Al,o, )
Mgo

-
T

+ Fezo3

-

i AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE REDUCTION IN

<0
73 : ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
¢ % % CONTROL = {a) % = {b)

i

REQUIREMENTS

WIN 70.0 l MAX 5.0 l nax5 .0 | max1.50 l MIN 75 . l MAX 0.03 l max 0.8 ‘ MIN 7S
TEST RESULTS
83 | 2.0 ] 0.5 (*i.76 [* 81 | 0,06 ]
TESTS 2x SAMPLES REPRESENTING 100 TONS OR LESS e
Fineness| % pts , sP GR
sawpLg | MOISTURE | LOSS ON 325 Mesh|var fro “Po'z_lz'gim«. REQV""T;:_:ENT SPECIFIC VAiz:oTJCN
NO. CcON l;.ENT lGN!IION Sieve Z avg prev STRiNlGTH z of GRAVITY AF:/RE?AGE OF
s ECEDING
Retained| 10 Control 10, %
REGQUIREMENTS
MAX N
I S e By o wel—1
TEST RESULTS
1 0.0 0.4 31 3 1180 2,30 1
2 0.1 0.3 32 4 1010 2.31 1
3 0.0 0.3 33 4 1120 2.31 1
BIN COMPOSITE 94
AVERAGE | | 32 2.31 .

(o) APPLICABLE ONLY TO CLASS N
(h) OPTIONAL REQUIREMENT

Tehigh, Metaline Falls, WA

LABORATORY CEMENT USE
LABORATORY LIME \mst one

ENG FORY NG

Remarss: Meets 7 day specificati *28 day test results.
. UP13157 2. UP1%194 3. 13044
13308 %%1%% (
)_(’u,,
i%%%& 13313 %gégguu E. REINIOLD
13342 13243 Chief, Cement & Pozzolan Unit
NGTE: THE INFORMATICH GIVEN 4 THIS REFL<™ SHALL NOT F):.J-F 0N AL,\/I‘NT!"INC OR SAL C" FPROMOTION TO INDICATE EITHER
L C,PLICITLY CR IMFL 1ICITLY ENDORSEWZ T CF T M5 PROCUCT OY THE ', S. GOVERN?" /rNT

€000-R
T AUS 62 .
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ReRORY Mo

. __WES-316~1"-82

LA

Structures Laboratory

REPORT OF TESTS S
Waterways Fxp Station ON POZZOLAN )
IATTN: Cem & Pozz Unit §5-C-1960/5 I SR S

e e et s = St et @

= P.O. BOx 631 oare: 23 August 1982
H . -
! Vicksburg, MS 39180 16 September 1982
: ceass (F) N KinND OF #OzIi-2n: FLly Ash
. g - A
: sounce. Pozzolanic Northwest, Rock Springs, WY [ esano:
i Teor nesuLts OF THs sawmeE LOT (K coveLy [ 0O NOT COMPLY WITH SPECIFICATICN LIMITS (SEE REMARKS)
| romuse ar: Willow Creek Dam
% CCNTRACT NO.: DAC‘N]GS“SZ‘C‘OO].B
S sistrictis: Walla WWalla
samit e s POl paTE samALED: 1] AUgllSt 1982
CAR NO.: ‘ g1 NOL:
FICLD SAWPLE NO. LAB SAMPLE NO.:
CATE RECEZIVED: 16 _Au'élis't 1982 LAB JOB NO.:
resveo ev: Cement & Pozzolan CHECKED 8Y:
16515 ON COMPOSITE OF THE 100-TON SA%=_ES LISTED BELOW
$i0, + Al0, , o = AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE % REDUCTION IN
+Fe,0, 90 2 i ALKALIES STRENGTH SHRINKAGE EXPANSION 1 EXPANSION
- * ‘ % % CONTROL % (a) ~ i * (b)
REQUIREMENTS
MIN 70.0 l MAX 5.0 ! uax5 0 ; max1.50 ] MIN 75 l MAX 0.03 l max 0.8 1 MIN 7S
TEST RESULTS
86.4 ] 2.0 | 0.5 * 197 [*78 | | 0.06 |
TESTS Ox SAMPLES REPRESENTING 130 TONS COR LESS .
Fineness| Z pts |  seor
WATER
EERY LiME I VARIATICH
SAMPLE ZS'S‘T;’S‘E ‘&?.s'?‘%'; 325 Mesh|var fro LﬂPOZZOLA.‘" REQUISEMENT SPECIFIC ! FROM
NO. -OnTES L ieve 7 STRENGTH “ GRAVITY ! AVERAGE OF
: - Sieve % tavg prey Ty % of ¢ | erecsome
Retained| 10 " Control P
REQUIREMENTS
MAX MAX “AX MAX MIN MAX MAX
_ fight 10.0 (N) 200 _— s
- 5.0 (F) 34 5 105

TEST RESUL.TS

1 0.1 0.2 33 2 1080 93 2.31 0

AVERAGE R— —
(o) APFLICEBLE ONLY TO CLASS N LABORATORY CEMENT usc& _L_th%b.‘ Metaline Falls N WA
b) OPTIONAL REGUIREMENT LAECRATORY LIME USED hemstone

REMARKS:

Meets 7 day specifica

jryerﬂ ’#?ﬂ y test results.

, AL LEE(*
R. k. RETXNOLD
Chief, Cement & Pozzdlan Unit

T €1 e i 1iF PAeAe U0 ©0 76 g g TS RERT 2T THAL L HOT DE LD INABVERTISING OR SAL 1 PROMOTICH 10 on!}l(:/-\-{z;_—'il—;;-.—n N
L CrPLICITLY CRIME 7T LY 1 EGRCT 0 OF THIG FROLHCT 1Y THI UL S GOVERNYENT.

[N A VAN A
LOUD-R
VALs O

EXHIBIT 2.2
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REPORT NO.:

WES-343-F-82

LARORATORY: -

Structures Laboratory

REPORT OF TESTS
ON POZZOLAN i 1
SS-C-1960/5 SHEET °r

Waterways Exp Station
ATIN: Cem & Pozz Unit

P 0 Box 631
Vicksburg, MS 39180

oate: 14 Sept 82

cuass (F) N

l ino oF pozze-an:  Fly Ash

source:  Pozzolanic Int., Rock Springs, WY BRAND:

FOR USE AT:

TEST RESULTS OF THIS SAMPLE LOT @ TovPLY D DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)

CONTRACT NO.:

oistricTis: Walla Walla & Bur of Rec

sampLEC BY: PSP

IDATE sampLED: 23 Aug 82

CAR NO.:

‘ exvno: 2 & RR = 650Tons

FIELD SAMPLE NO.: LAB SAMPLE NO.:

LAB JOB NO.:

oate receven: 30 Aug 82

CHECKED BY:

Cem & Pozz Unit

TESTED €Y:

TESTS ON CCMPOSITE OF THE 100-TON SAMPL_ES LISTED BELOW

50, + Al,0, oo o AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE | REDUCTION IN

+ Fe,04 5 i ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION

" * : % % CONTROL = {a) % = (b

REQUIREMENTS )
1
MIN 70.0 ] MAX 5.0 l wax5 .0 | max1.50 ] MIN 75 ‘ MAX 0.03 ‘ max 0.8 I MIN 75
. . _ TEST RESULTS
84.3 | 1.9 | 0.4 i* [* | [ 0.05 |
TESTS SN SAMPLES REPRESENTING 150 TONS OR LESS e
. L/
Fineness| % pts ren sP GR
w

3\ LIME K VARIATICN

SAMBLE m;us-r:aTE Il;‘oNs(iloO':l 325 Mesh|var fro M oozzoLan | REGUIREMENT SPECIFIC FROM

CONTEN 3 . 9 o

NO. T . STRENGTH GRAVITY AVERAGE OF
" 3 Sieve % iavg prey° ey % of rleiblolist

Retained| 10 Control 10, %

' REGQUIREMENTS
MAX MAX MAX MAX MiN MAX MAX
_ o 10.0 (N) 200 _ s
5.0 (F) 34 5 105

TEST RESULTS

1 0.1 0.4 12 - 1310 92 2.32

R Fdctor None
Ca07 4.2
AVERAGE

(o) APPLICABLE ONLY TO CLASS N LABORATORY CEMENT USED

Lehigh, Metaline Falls, W

(b) OPTIONAL REQUIREMENT LABORATORY LIME USED Chemstone

g

remarrs:  Meets 7 day specificati

P: 13176, 13328, 13270, 131 {{47

O XU e A PAE
R. E. REINHOLD
Chigf, Cement & Pozzolan Unit

. %28 day test results.

NCTE: THE INFORMATICN GIVEN [N THIS REFLS

CAPLICITLY CR IMFLICITLY ENDORSEMZ T CF THIS PROLCUCT BY THE 1. S. GOVERNMENT.

< SMALL NOT BE USED IN AGVERTISING OR SALES PROMOTION TO INDICATE EITHER

ENG FORY KG

1 AULS 67 €000-R

. EXHIBIT 2.2
Sheet 15 of 19
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“ABCRATORY: REPORT NO.:
TStructures Laboratory REPORT OF TESTS WES-376F-82

Waterways Exp Station ON POZZOLAN

ATTN: Cem & Pozz Unit SS-C-1960/5 sHEET ] oF 1

P 0 Box 631 ' oare. & Oct 82

ViCkaurg, MS 39180 27 Oct 82

ceass (F ) ] xinD oF PozzoLan: Fly Ash

SOURCE: Pozzolonic Int, Rock Springs, WYO [aRAND:

TEST RESULTS OF THIS SAMPLE LOT @( COMPLY D DO NOT COMPLY WITH SPECIFICATION LIMITS (SEE REMARKS)

roruse a1 Willow Creek Project

contracT no.: DACW68-82-C-0018

oistricTis:  Walla Walla

samPLeED BY: PSP i oaTe samPLED: 22 Sept 32
CAR NO.: l sinNo.:  RR Cars-200 tons
FIELD SAMPLE NO.: LAB SAMPLE NO.:
DATE RECEIVED: 27 Sept 82 LAB JOB NO.:
TESTED BY: Cem & Pozz Unit CHECKED BY:
TESTS ON COMPOSITE OF THE 100-TON SAMPLES LISTED BELOW
sio, + al,0,4 Mao c AVAILABLE POZZOLAN INCREASE IN AUTOCLAVE | REDUCTION IN
+ F2203 3. _: ALKALIES STRENGTH SHRINKAGE EXPANSION EXPANSION
- % % CONTROL % (a) - | = b
. REQUIREMENTS
MIN 70.0 1 MAX 5.0 J max5 0 [ max1.50 I MIN 75 l MAX 0.03 ] max (0,8 [ MIN 75
TEST RESULTS
83.1 | 1.7 0.6 [ *1.68 | *80 1 | 0.07 |
TESTS ON SAMPLES REPRESENTING 100 TONS OR LESS
] . .7 "
Fineness| % pts wATER sP GR
LIME VARIATION
SAMPLE gg:‘s:é":f |Lé?qs;?-|%: 325 Mesh |var fro Meozz700aN | REQUIREMENT SPECIFIC FROM
NO. 1 y STRENGTH Y GRAVITY AVERAGE OF
=% M Sleve?. % ravg prey STREM YA -of ot
Retained 10 Control 10, %
REQUIREMENTS
MAX MAX MAX MAX MIN MAX MAX
— o 10.0 (N) 900 S
’ 6.0 (F) 34 5 105
TEST RESULTS
1 0.1 0.5 32 3 1,190 93 2.32 o
AVERAGE
(a) APPLICABLE ONLY TO CLASS N LABORATORY CEMENT USED i i
(b) OPTIONAL REQUIREMENT ©  LABORATORY LIME USED emston

remarks:  Meets 7 day specific
UP13236, UP13160

-*28 day test results

R. E. REINHOLD
Chief, Cement & Pozzolan Unit

NOTE: THE INFORMATION GIVEN IN THIS RERORT SHALL NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER
. EXPLICITLY OR IMPLICITLY ENDORSEMENT OF THIS PRODUCT B8Y THE U. S. GOVERNMENT. ~
7
ENG.FORM NO. :

o Ko 00 , T EXHIBIT 2.2
Sheet 16 of 19




ANt
\J COAL BY-PRODUCTS UTTLIZATION INSTITUTE
ENCINEERING EYPERIMENT STATION-UNIVERSITY OF NORTH DAKOTA
GEARD FORKS, NORTH DAXOTA ‘
o
AST™ C 618 Spccification for fly ash and raw or calcined natural pozzolhn for use as a

minur11 admixturce in Portland Cement concrete i

Sample 82-71 Pozzolanic, Boardman, Fly Ash, Docket 901-1003
BM-239-82 Rec'd 2/24/82

Mineral Admixture Requirements
Class C Class F

‘ CHEMICAI ANALYSIS
Silicon dioxide (S10p) 33.0 pjys
Aluninum oxide (A1203) 17.4 plus

iron oxide (Fep03) 6.3 Wt.% 56.7 Min.Wt.% 50.0 - 70.0
Sulfur trioxide (s04) Wt.Z 1.1 Max.Vt % 5.0 5.0
Calcium Oxide (CaQ)* Wt.% 27.1

- Magnesium Oxide (Mg0)* wt.7% 5.9 Max.Wt.” 5.0 | 5.0
Moisture content - Wt.Z .07 Max.Wt.¥% 3.0 3.0
Loss on Ignition‘ | *t.% .15 Max.Wt.7 ‘6.0 12.0

Available Alkalies, total as Nao0* .
Naj0* 1.35 , KoO% .21 wt.Z 1.49 Max.Wt.% 1.50 1.50

- PHYSICAL ANALYSIS

Amount retained when wet
sieved on No. 325

(45un) sieve . Wt.% 18.48 Max.Wt.%Z 34 34

Pozzolanic Activity Index:
with portland cement at

28 days, percent of control % 89 Min.% 75 75
with lime at 7 days, psi psi _ 1836 Min. psi 800 800
Water requirement, percent of control ¥ 90 Max.% 105 105

Autoclave expansion or contraction,
percent -2 Max.Z% 0.8 0.8

Increase of drying shrinkage* of
mortar bars at 28 days % ,023  Max.% 0.03 0.03

Specific gravity

Date  4/19/82 | /;7%/;@/,

0. E. Manz, Director

*Optional Tests

( EXHIBIT 2.2
v - - Sheet 17 of 19
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COAL BY-PRODUCTS UTTILIZATION INSTITUTE
ENGINEERING EXPERIMENT STATION-UNIVERSITY OF NORTH DAKOTA

GRAND FORKS, NORTH DAKOTA

. iy

APR -

et e e o

'E ASTM C 618 Specification for fly ash and raw or calcined natural pozzolan forPsg “Hsia% " « )
. mineral admixture in Portland Cement concrete R T

Sanple_ go-39) Pozzolanic Northwest, Fly Ash, Boardman BM-229-82

Dacket 837-900 Rec'd 2/1/82

' Mineral Admixture Requirements

Class C Class F

CHEMICAL ANALYSIS
@ Silicon dioxide (S102) 33.0  plus
é Aluminum oxide (A]é03) 17.2 plus
5 iron oxide (Fe203)__ 6.2 Wt.x 56.4 Min.Wt.% 50.0 - 70.0
: Sulfur trioxide (SO3)‘ : . Wt.Z% 2.55 Max.Wt.¥ 5.0 5.0
; Calcium Oxide (CaQ)* we.z_ 28.2

Magnesiun Oxide (Mg0)* wt.% 5. g Max.Wt.¥% 5.0 5.0
| Moisture content We.% 07 Max.Wt.% 3.0 3.0
; Loss on Ignition S We. % .18 Max.Wt.7 ‘6.0 12.0
i Available Alkalies, total as Na,0* .
3 Nay0* 7 46 , KoO* .21 wt.% 1.60 Max.Wt.% 1.50 1.50
| " PHYSICAL ANALYSIS
% Amount retained when wet
i sieved on No. 325
; (45um) sieve wt.Z 21.61 Max.Wt.Z 34 34
| Pozzolanic Activity Index:

with portland cement at

28 days, percent of control % 89 Min.% 75 75
| with lime at 7 days, psi psi 1790 Min. psi 800 800
LE Water requirement, percent of control % 89 Max.7% 105 105

Autoclave expansion or contraction,
é percent Z .25 Max.% 0.8 0.8
I ’ -
§ Increase of drying shrinkage* of
i mortar bars at 28 days % +.013  Max.% 0.03 0.03
i Specific gravity ' ' A 2.74

Date__ 3/29/82 | 027%%
. ; 0. E. Manz, Dir _t_cié

*Optional Tests

EXHIBIT 2.2
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.f S (O ﬂ
COAL BY-PRODUCTS UTTLIZATION INSTITUTE \r (’ E
ENGINEERING EYPERIMENT STATION-UNIVERSITY OF NORTH DAPOL}A
GRAND FORKS, NORTH DAKOTA MAR 2 b 196,

Z‘AS‘I‘H C 618 Specification for fly ash and raw or calcined natural pozz &Aﬂ--ﬁe{---uaa.as.
| rincral admixture in Portland Cement concrete P()é‘.

b»"\i i

Sample_ 82-4 Pozzolanic Northwest, Fly Ash, Boardman BM-225-81 4//4::7
' /

_Dockets 586-676 Rec'd 1/6/82

Mineral Admixture  Requirements

Class C Class F
CHEMICAI. ANALYSIS

Silicon dioxide (S103) plus
Aluminum oxide (A103) 17.6  plus
iron oxide (Fe)03) 6.0 Wt.% 57.0 Min.Wt.% 50.0 - 70.0
Sulfur trioxide (S03) Wt.% 2.41  Max.Wt.% 5.0 5.0
Calcium Oxide (CaQ)* Wt.7% 27.5
Magnesium Oxide (MpgQ)* Wt.Z 5.8 Max.Wt.% 5.0 5.0
Moisture content We.Z .05 Max.Wt.% 3.0 3.0
Loss on Ignition Wt.% .26 Max.Wt.%  *6.0 12.0
Available Alkalies, total as Nap0* .

Nap 0* 1.46 , Kp0%* .21 wt.% 1.60 Max.Wt.% 1.50 1.50

" PHYSICAL ANALYSIS

Amount retained when wet
sieved on No. 325
(45un) sieve Wt.Z 19.68 Max.Wt.% 34 34
Pozzolanic Activity Index:
with portland cement at
28 days, percent of control 4 94 Min.% 75 75
with lime at 7 days, psi psi 1552 Min. psi 800 800
Water requirement, percent of control % 88 Max.7 105 105
Autoclave expansion or contraction,
percent % -24 Max.% 0.8 0.8
Increase of drying shrinkage* of
mortar bars at 28 days 1 % 009 Max.7% 0.03 0.03

Specific gravity

ﬁ.Date 3/22/82 | | | W

0. E. Manz, Dir

*Optional Tests

C | J EXHIBIT 2.2
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CHAPTER 3

AGGREGATE PRODUCTION

GENERAL

Results of initial aggregate processing and quality studies
including the test quarry are discussed in detail in the project design
memorandum. The foundation report will dinclude pertinent information
about the production quarry and its operation during construction.

Plates 1.5 through 1.11 of the introduction are aerial photos of the
project showing the layout of the quarry, crusher plant, and aggregate
stockpiles in relation to the dam at monthly increments throughout the
project. Plate 3.1 shows cumulative aggregate production versus calendar
date. Plates 3.2 and 3.3 show the crusher and quarry operations. Plates
3.4 through 3.6 show the initial setup for aggregate processing and the
crusher schemes actually used.

Investigations during design showed that there was an insufficient
quantity of natural aggregate in the area to allow it to be the sole
source of material for the RCC. Also, by themselves, most of the natural
deposits contained too much silt to be used without some screening. A
quarry site was located near the dam and designated as the prime source
of aggregate material in the specifications. However, material from
anywhere within the project boundaries, including all required excavation,
was permitted to be used in RCC aggregate production. The entire rock
deposit in the quarry was similar jointed basalt. Overburden in the
quarry area consisted of a layer of silt on top of a deposit of silty
sandy gravels with rock fragments. Most of the upper layer of silt was
removed earlier by a separate contractor and used for embankment fill in
road construction.

The specifications required the dam contractor to use the remaining
overburden in a quantity of at least 5 percent of the raw feed to the
crusher and allowed all of it to be used providing that the overall gra-
dations were met and the amount of fines passing the No. 200 sieve did
not exceed 7 percent of the total aggregate weight. Later this was
increased to 10 percent for nonplastic fines. The contractor utilized
all overburden, estimated to be about 25 percent of the total material
fed to the crusher. In the end, all that was left was a clean pit with
about a dozen oversize pieces and no overburden material. The effect on



production of adding the overburden and allowing the fines is obvious -
higher production, lower cost, no settling ponds, no winter shutdowns,
etc. The effect on strength is discussed in Chapter 9, "Test Cylinders
and Compressive Strength Results." Higher silt contents gave higher
strength. It also resulted in less segregation. However, if the silt
content exceeded its 1limit, previous tests showed that it would be dif-
ficult to mix and could result in "pickup" on the roller when compacting
the RCC.

The specifications required at least half of the aggregate to be in
stockpile by the start of RCC placing, and for that to begin by 1 May.
There were two basic reasons for this. First, by producing the bulk of
the materials during the winter and putting them in huge stockpiles, a
naturally cool aggregate was available for us¢e during the warm months of
RCC mixing. Discussion of how well this worked, the resulting mix tem-
perature, and the elimination of a need for forced cooling and/or mono-
lith joints 1is contained in Chapter 18, "Temperatures and Thermal
Behavior." -

The second main reason for the large stockpiles was to assure enough
material to sustain the expected (and required) high production rate of
RCC. In actuality, RCC production and aggregate production finished
almost simultaneously with not enough leftover aggregate for one more day
of full RCC production. Aggregate production started about the second
week in January and averaged about 3,800 tons per day throughout the job.
Aggregate usage started about the first of May and averaged about 6,800
tons per day. A side advantage to early aggregate production was that
separate payment was made and cash flow benefited.

Because of the requirement for RCC mixes having 3/4-, 1-1/2-, and
3-inch nominal maximum size, three separate stockpiles were required.
There was no specified gradation for each stockpile providing that they
could be blended to give the combined 3-inch maximum size overall grada-
tion needed for that mix. From previous studies, it had been concluded
that whatever the contractor provided for his controls in the other
stockpiles could be used to make acceptable RCC.

PRODUCTION EQUIPMENT

A1l material was fed to the crusher by D-8 Caterpillar dozer.
During high production, two dozers were required but part of the time
only one was used. Blending of the overburden with rock was done by the
operator as he pushed the material to the jaw. Material was hauled from
the bins and surge piles to stockpiles by "catwagon" end dump, with each
load being weighed. S V o




The 1intent during aggregate investigations for design was to
establish a usable gradation band which could make acceptable RCC with
minimal processing and expense. The thought was that aggregate could be
produced with no waste using a jaw crusher followed by cone and an impact
crusher or by two impact crushers in series. The contractor used a more
complicated system for much of his productionﬁ«primari]y because of the
equipment within his inventory, to provide more control "and partially
because of the ingrained attitude that concrete aggregate production
historically is more complicated. In fact, the final aggregate processing
equipment scheme was simplified to include a jaw, cone, and impact
crusher, A detailed description of the three basic processing schemes
used by the contractor follows.

5 January - 1 April:

The production equipment and Tayout are shown on Plate 3.5. A 10-HP
plate feeder brought dozed material continuously to a 30-inch 125-HP jaw
crusher., A 42-inch belt fed this product to a 5-foot x l4-foot E1 Jay
screen which separated the natural 3/4 minus material and sent it to a
separate stockpile. The separate 3/4 pile was eliminated soon after
production got underway. Material was conveyed to a 6-foot x 16-foot
E1 Jay screen which separated the primary crushed material into each size
group and the oversize. The oversize dropped into a Model 1500 Telesmith
cone which returned the crushed product in a closed loop to the belt
feeding from the jaw to the E1 Jay screen. Later, a 250-HP Kenwood impact
crusher was added into the loop following the cone primarily because the
cone by itself resulted in flat and elongated particle shapes. Excess 3-
and 1-1/2-inch aggregate from the bins was collected by chute and conveyed
initially to the 250-HP Kenwood impact crusher. Almost all material was
from the 3-inch bin. The impact crusher was later moved into the closed
loop following the cone crusher as described above, and was replaced by a
24-inch double roll crusher. When the rolls were used, a closed loop was
established there so that material did not Teave until it all passed the
3/4-inch screen and was conveyed directly onto the 3/4-inch m1nus conveyor
to that storage bin.

1 April - 1 June:

The production equipment and layout are shown on Plate 3.6. The pur-
pose of the change was to increase total production and 3/4-inch-minus
production. The scheme is easy to understand if considered as two
separate plants connected only at the surge feeder. On the right side, a
42-inch jaw crusher feeds onto a 6-foot x 16-foot 3-deck E1 Jay screen.
Screen sizes used were 3-inch on the top deck, 1-1/2-inch on the middle
deck, and 3/4-inch on the bottom. The 3-inch to 1-1/2-inch material and



the 1-1/2-inch to 3/4-inch were conveyed directly to the load-out bins.
The 3/4-inch minus was conveyed into the surge feeder. All oversize
material retained on the 3-inch screen was fed into a 300-HP Model 1500
Telesmith cone. Discharge from this cone was then recirculated onto the
main conveyor belt back up to the 3-deck E1 Jay screen.

On the left side, a 36-inch jaw crusher was used for primary crush-
ing. Material passing through this jaw was screened over a 2-deck 5-foot
x l4-foot E1 Jay screen. The 3/4-inch minus was scalped off this screen
and conveyed directly to the load-out bin. A1l other material was fed to
a 54-inch E1 Jay standard cone. This material was then put into a closed
circuit of two 5-foot x 1l4-foot E1 Jay 2-deck screens, a 54-inch E1 Jay
fine head cone, a 54-inch set of Pioneer rolls, and a 72-inch Kenwood
impact crusher. A11 3/4-inch-minus material was screened out and sent to
the pay belt. A1l material between 1-1/4-inch and 3/4-inch was screened
out and sent to the surge feeder. This material, as well as the 3/4-inch
minus obtained from the 3-deck 6-foot x 16-foot E1 Jay 'screen, was fed
into a 72-inch impact crusher. Once it passed through the impact crusher,
it recirculated up to the closed circuit screens where the 3/4-inch minus
and the 1-1/4-inch to 3/4-inch were removed.

Production from this setup varied according to the amount of
material which was fed to it, but the average production was about 3,700
tons per single shift. The system worked satisfactorily and used
available equipment but probably was more complicated than necessary.

1 June - 23 September:

The final setup used was the simplest and worked quite satisfac-
torily. It 1is shown on Plate 3.6. Both a 42-inch and a 36-inch jaw
crusher were used at different times for the setup. A1l material passing
through the jaw was fed to a 6-foot x 16-foot E1 Jay 3-deck screen. The
screen sizes used on this were a 3-inch on the top deck, 1-1/2-inch on
the middle deck, and a 3/4-inch on the bottom deck. A1l material
retained on the 3-inch screen was fed into a 300-HP Model 1500 Telesmith
cone. After passing through this cone crusher, it was then recirculated
onto the main conveyor going to the screen. All matérial passing the
3-inch screen but retained on the 1-1/2-inch screen was conveyed to the
3-inch bin and hauled away. A1l material passing the 1-1/2-inch screen
but retained on the 3/4-inch screen was conveyed to the 1-1/2-inch bin
and hauled away. A1l material passing the 3/4-inch screen was conveyed
to a surge feeder where this material was metered into a 72-inch Kenwood
impact crusher. A1l material passing through the Kenwood impact crusher
was then sent to the 3/4-inch pile where it was hauled away.

This setup was used from approximately 1 June until the end of the
job. It produced approximately 2,800 tons per single shift.

10
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CORPS OF ENGINEERS U 'S. ARMY

DRILLING THE QUARRY. DOZING SHOT ROCK TO THE CRUSHER. DOZING OVERBURDEN TO THE CRUSHER.

LOADING 3/4 MINUS AGGREGATE. LOADING 1 1/2 AND 3 INCH AGGREGATE. EACH LOAD TO STOCKPILE WAS WEIGHED.

QUARRY OPERATION AND AGGREGATE LOADING
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'*'ONT- NO. VOL NO.




r\i~o wr QiNvjMNiii~r\o

22 JUNE 1982.

12 MARCH 1982. 12 JANUARY 1982.
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CHAPTER 4

AGGREGATE GRADATIONS AND MIX PROPORTIONS

Five basic RCC mixes were used as originally specified. The vast
majority had 3-inch maximum size aggregate but there also was some 1-1/2-
inch maximum size aggregate mix (used in the spillway) and some 3/4-inch
maximum size aggregate mix (used for special bedding between cold
joints). Because the mixes required three separate maximum sizes, three
separate stockpiles were necessary. There was no requirement for a
separate sand stockpile. The contractor was given maximum latitude in
controlling gradation in the stockpiles. The only requirement was that
he be able to combine material from the three stockpiles so that it
resulted in the overall gradations shown below and so that the size groups
were maintained within the following general guidelines.

Group I - 100% passing the 3-inch screen.
- 97% retained on the l-inch screen.
Group IT - 100% passing the 2-inch screen,
- 97% retained on the 1-inch screen.
Group III - 100% passing the l-inch screen.
Sieve Percent Finer
3 100
2-1/2 95-99
2 86-96
1-1/2 72-84
1 56-66
3/4 48-58
3/8 37-47
4 28-37
8 23-31
16 19-28
30 15-25
50 10-19
100 4-11
200 1-7

The amount of material passing the 200 sieve was further controlled
depending on its plasticity. A table was included in the specifications
showing the maximum allowed amount of fines based on their liquid limit
and plastic index. Highly plastic fines were limited to 1 percent but
nonplastic fines were allowed to reach 7 percent. Later, the range for



nonplastic fines was changed to 3-percent minimum and 10-percent maximum.
Generally, the amount actually was about 7 percent with almost every test
showing no plasticity. This resulted in the 3/4-inch aggregate stockp11e
conta1n1ng about 15-percent material passing the 200 sieve.

: P]ate 4.1 shows the combined gradation band for the Willow Creek RCC
and also the combined gradation band for typical conventional concrete.
In- addition to the obvious difference in the amount of fines, several
other things are apparent. (1) The allowable range for each screen is
generally double that otherwise allowed. (2) The 3-inch maximum size
was 100-percent passing rather than a 3-inch nominal size with some
larger pieces. (3) Starting in the 3/8- to 3/4-inch range, the RCC con-
tains considerably more of the smaller sizes. This is mostly attributed
to the minus 200 material but it also contains more 3/8-inch material.
(4) The gradation is closer to that of a road base or embankment than to
a normal concrete aggregate.

After production was underway and the product was being consistently
stockpiled at about the same gradation, samples were sent to the Division
laboratory to verify that RCC mixes made with these materials would be
similar to those used in the design studies. There was no significant
difference,

As expected, the portion of the gradation most difficult to achieve
was in the No. 16, No. 30, and No. 50 sizes. To help correct this defi-
ciency (on the order of 5 to 10 percent too low earlier in production),
the contractor added a natural fine blend sand at the batch plant. The
sand was located in the reservoir area near the stockpiles and was removed
by scraper. As time progressed, the deficiency was made up in the crush-
- ing operation by pushing more overburden in with the shotrock at the
crusher. The amount of blend was systematically diminished and then
eliminated. It was also recognized that operating while out by a few
percent on these screen sizes was acceptable. In fact, when the grada-
tion band was established, it was deliberately pushed a few percentage
points higher in this area to help force attention on the problem.
Therefore, operating marginally out of the specification band in this
area was technically acceptable and it offered a buffer to contract
requirements.

During RCC production, the combined gradation being produced was
determined and reported for each shift by the contractor and reviewed by
the Corps the following morning. The average results for the day were
plotted as a gradation curve on a graph also showing the "target" grada-
tion on which mix designs were based. For the 3-inch mix, the specifica-
tion limits were also shown. When a trend began to develop over a period

12




of several days (where the gradation began to shift), appropriate adjust-
ments were made in the batch weights of the individual aggregate size
groups to shift the gradation back towards the target again. Sometimes
adjustments would be made every few days and at other times they would be
made after several weeks of consistent operation. Exhibit 4.1 shows the
standard form that was used each time aggregate proportions were adjusted.
It includes all proportions, batch weights, specific gravity, absorption,
and yield data. Exhibit 4.2 shows the gradation and aggregate batch propor-
tions being used in each mix on each Monday. Gradations for all other days
are available if requested.

A study was made comparing gradations for the 10 highest and 10
lowest cylinder strengths of each mix at each age to see if a correlation
existed between gradation and strength. There was no indication of any
relationship. ‘

13
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EXHIBIT 4.1

TYPICAL MIX PROPORTION ADJUSTMENT SHEET
AS USED DURING CONSTRUCTION




Typical Mix Proportion Adjustment Computations

Mr. E. Schrader (Corps of Engineers) requested the change in R.C.C. Blend

Mix Percentages as indicated below. Effective 26 Aug 1982 at 1430 hours.

Mix Designation:

29-17-54-0

SSD BATCH WEIGHTS (1bs/cy)

Mix No. 1 2 3 4 . 5
Mix Identification 80/32 175/00 175/80 315/135 330/130

Primary Use Int Mass u/s face d/s face spillway bedding
Group 1 Agg (3") 1148 (29%) | 1133 (29%) | 1130 (29%) | O 0
Group 2 Agg (1 1/2") | 673 (17%) 663 (17%) 646 (17%) 1147 (33%) | ©O
Group 3 Agg (3/4") - 2135 (54%) | 2106 (54%) | 2050 (54%) | 2330 (67%) | 3313 (100%)
Blend Sand 0 0 0 0 0
Cement 80 175 175 315 330
Ash 32 0 80 135 130
Water 142 146 150 184 225
Theoretical Unit Wt. | 155.9 156.4 155.7 152.2 148.1
Assumed Air 1.2% 1.2% 1.2% 1.2% 1.2%

These mixes are

Considered representative of materials now being used at the project.

Type Source [Sp. G. | Abs.
Group 1 Agg (3") Quarry | 2.79 10.70
Group 2 Agg (1 1/2") | Quarry | 2.71 { 0.80
|Group 3 Agg (3/4") Quarry | 2.59 | 2.80
Blend Pit Run| 2.25 | 8.00
Cement (Type II) Lehigh | 3.15
Ash (Class F) Bridger | 2.30
Water Well 1.00

It is understood that aggregate batch weight

due to surface moisture change that may occur from day to day.

based on the following specific gravity and absorption values.

adjustment should not be made

The placement foreman has the responsibility to adjust water as necessary

during the day for placement.

The only adjustment of batch weights will be that Q.C. will inform the

batch plant of what water to start with on a daily basis.

Q.C. Supervisor, Eucon Corporation

EXHIBIT 4.1




"EXHIBIT 4.2

1

COMBINED GRADATION AND AGGREGATE PROPORTIONS
FOR EACH MIX AS USED ON EACH MONDAY

(These are the working sheets as
produced daily during construction.
Only the first day of the week is
shown here’ because of space. Sheets
for all other days are available in
the District Office.)
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