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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 little 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 laboratory. 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 
Recreati on 
Fish and Wildlife
Provision has been made in design for future irrigation. 

LAKE

Drainage area above damsite, square miles 96
Standard project thunderstorm flood:

Peak flow, cfs 45,000
Volume, acre-feet 11,500

Probable maximum thunderstorm flood:
Peak flow, cfs 107,000
Volume, acre-feet 28,000

Standard project general winter rain and snowmelt flood:
Peak flow, cfs 9,000
Volume, acre-feet 25,000

Probable maximum general winter rain and snowmelt flood:
Peak flow, cfs 18,000
Volume, acre-feet 51,000

Project design flood:
Volume, acre-feet 9,500

Design flood recurrence interval, years (Composite) 100
Maximum controlled lake elevation 2,113.5
Average minimum lake elevation 2,047
Lake length at spillway crest elevation, miles:

Willow Creek 1.8
Balm Fork 1.3

Lake length at average minimum elevation, miles:
Willow Creek 0.7
Balm Fork 0.4

Lake surface area, acres:
Maximum controlled elevation 2113.5 (spillway crest) 265
Average minimum lake elevation 2047 88

Gross storage capacity, acre-feet:
Exclusive flood.control:

Initial 11,250
Future 7,750

Future irrigation storage:
Exclusive 1,750
Joint 1,750

Fish, wildlife, recreation, and esthetics 600
Sediment accumulation 1,400
Total 13,250



PERTINENT DATA (Cont'd)

DAM-RCC

Top elevation 2,130
Height above streambed, feet 169
Length, feet 1,700
Width, top, feet 16
Volume, C.Y. 435,000

SPILLWAY, OVER DAM

Crest elevation 2,113.5
Crest length, feet 380
Design capacity, cfs 91,700

OUTLET WORKS

Regulating outlet capacity at low pool,
elevation 2047, cfs 500

Water quality outlet capacity, cfs
at low pool elevation 2047 80
at normal high pool elevation 2076.5 95

PROJECT ECONOMICS

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

$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 less 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 low 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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AS ENVISIONED PRIOR TO CONSTRUCTION.

C O R P S  O F  E N G IN E E R S

T

UPSTREAM FACE PRIOR TO POOL RAISE.

U. A K M Y

FALL OF 1982.

WILLOW CREEK DAM 

______________ PLATE 1,2
C O N T.  NO. V O L NO



M  S A F E T Y  P A YS  Bflfl U. S. A R M Y
C O R P S  O F  E N G IN E E R S

12 JANUARY 1982 10 FEBRUARY 1982

12 MARCH 1982 15 APRIL 1982

1

V A L U E  E N G I N E E R I N G  PAYS

FOUNDATION EXCAVATION AND 
AGGREGATE STOCKPILING

PROGRESS PHOTOS

________________________PLATE 1.3
CONT. NO. VO L. N O .



CORPS OF ENGINEERS M S A F E T Y  PAYS M U. S. ARMY

13 SEPTEM BER 1982

V A I N E  E N  A I N E E R I N A  P A Y S

24 SEPTEM B ER  1982

ROLLED CONCRETE 
PROGRESS PHOTOS 
_____________PLATE 1.4

CONT. NO. VOL. NO.

11 JUNE 1982 14 JULY 1982



3 /4  INCH AGGREGATE

3 INCH AGGREGATE

CRUSHER

QUARRY AREA

DIVERSION UNDER CONSTRUCTION

FOUNDATION AND ABUTMENT AREA MARCH 6, 1982

AERIAL PHOTO

PLATE 1.5
CONT. NO.

C O R P S  O F  E N G IN E E R S

CONCRETE PLANT

1 1 /2  INCH AGGREGATE



C O R P S  O F  E N G IN E E R S U. S. A R M Y

-----  DIVERSION CONDUIT OPERATIONAL

STILLING BASIN EXCAVATION

CONCRETE PLANT 

1 1 /2  INCH AGGREGATE

3 /4  INCH AGGREGATE 

SOURCE OF FINE BLEND SAND

3 INCH AGGREGATE

CRUSHER

APRIL 16, 1982 

AERIAL PHOTO 

________ PLATE 1.6
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C O R P S  O F  E N G IN E E R S U S. A R M Y

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 1963.

MAY 4, 1982

CONCRETE PLANT AERIAL PHOTO

PLATE 1,7
CO N T .  NO. V O L .  N O .



C O R P S  O F  E N G IN E E R S U. S. A R M Y

3 /4  INCH AGGREGATE

SCALE

DOZING OVERBURDEN AND ROCK 
TO THE CRUSHER.

CONCRETE PLANT

1 1/2 INCH AGGREGATE

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.

JUNE 3, 1 98 2

E XC AV A TIN G  ABUTM ENTBEGINING TO COVER THE ---------
PERM ANENT O U TLET CONDUITS.

AERIAL PHOTO

________ PLATE 1.8____
C O N T .  N O V O L .  N O .



C O R P S  O F  E N G IN E E R S U. S. A R M Y

NOTE TIGHT TURN BY TRUCK DAMAGING THE 
RCC SURFACE.  A LS O ,  TRACKING OF M A T E R IA L  
ONTO THE RCC SURFACE FROM THE HAUL ROAD.

HEPPNER RESIDENCE IMMEDIATELY 
D OW N STR EA M OF THE DAM.

STILL ING BASIN 

S P IL L W A Y  FACE

NOTE TRACKING OF DEBRIS ONTO THE 
P LACEMENT 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, 1 9 8 2  

AERIAL PHOTO 

_________ P L A T E _JL9
C O N T .  NO . V O L .  N O .



r M I «j iC O R P S  O F  E N G IN E E R S ___________________________  , i ______________________________________________ W M  I

V A L U E  E N G I N E E R I N G  PAYS

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
CONT. NO. VOL. NO.
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V A L U E  E N G I N E E R I N G  PAYS

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
CONT. NO. VO L. N O .
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CHAPTER 2

CEMENT AND FLY ASH

CEMENT

Cement for all roller concrete was Type II low-alkali with the 
optional requirement limiting 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 less 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.
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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 improvement 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 little 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 little 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 lift 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 in 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 lifts 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
LE H IG H  PO R TLA N D  C E M E N T  C O M P A N Y

Coo»i«nee ................................................................  Destination....Ale.PR!7.?£i...9ir.ef"?.n.
....« M S te-JS .-« » .......... Car/Truck.................................................. '..PUnt...ilS.ta.?.i.DS..FaUa....fe..
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LABORATORY TEST REPORT

LEHIGH PORTLAND CEMENT COMPANY
Consignee...............................................................!.................... Destination....... ................................................................

Date... May....1..?.»...?.?®.?...................C ar/Truck............................................................P lan t.....

TYPE AND SPECIFICATION Na...... I Í .....AS?M...C-?59..

RESULTS OF TEST»—«IN Na........M l.....3:r®2.

CHEMICAL
Silica (SiOa) 
Alumina {AltO$T

21.9

SPECIFICATION LIM ITS

NORMAL
FORTLAND CEMENT 

T T T *  I

A A T .U . 
C l SO

Min.%

FEDERAL
S&-C-1MO/J

M ODERATE 
SULFATE 

RESISTIN G  
CEM ENT 
TY RE D

A A T .M .
050

FED ERA L
SS-C-I960/J

21.0 21.0

H IG H  EARLY 
STRENGTH 
FORTLAND 

CEM ENT 
T Y P «  IU

a j l t .m .
ClSO

FEDERAL
aSOlMO/4

Ferric Oxide (FcgOa)
Calcium Oxide (CaÔ) 
hí a giieaia (hdgO)

h.6 Max.% IS 6.0 6.0 IS
-L lL Max.% 6.0 6.0 6.0 6.0

- ¿ 3  a  2

Sulfuric Anhydride (SO*)
When 3Ca0.Al,0, u  8% or leas

Max.% 6.0 6.0 6.0 6.0 6.0 6.0

When 3CaO A1»0» ia over 8%
Max.% 3.0 3.0 3.0 3.0 3.5 3.5
Max.% 3.5 3.5 4.5 4.5

Ignition Loas 
Insoluble Residue

J U L Max.% 3.0 3.0 3.0 3.0 3.0 3.0
-0^22 Max.% 0.75 0.75 0.75 0.75 0.75 0.73

Potential Compound*
Tricalcium Silicate (3CaO.SiOi) 
^Trícalcium Alumínate (3CaO.Alyó«)

JlL
Max.% 15.0 15 15

Dicalcium Silicate Z L

PHYSICAL
Finencaa, Specific Surface, (Wagner)

s i r
Min. 1600 1600 1600 1600

(Blaine)
Soundneaa, Autoclave Expansion

Min. 2300 2800 2800 2800

-0*03 Max.% 0.80 0.80 0.80 0.80 0.80 0J0
Time of Set (Gillmore) 

Initial (Hr. : Min.)
)Pinal (H r  : M in.)

3 :29 Min. HO HO IK) HO IK) IK)
Max. 10.0 too 10O 10K) 10O 10O

Compreuive Strength, peL
____________ Min. 1800 1800

3-day
7-day

,203 Q. Min. 1800 1800 1500 1500 3500 3500

JQ2Q Min. 2800 2800 2500 2500 <•> (b)

1*0tal Equivalent Alkalies
lieat of Hydration @  7 days

_ o j 4 Max.
J O .

0.60
Max, JO.

I
(a) KEortirc mly wbaa ao apadlWd by parchaaar . (b) S lfu ftb a  at aay bl«har tbaa aU*a«tha at Next (m dlai apadficatioa ana.

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 Bam Job # DACW 68-82-C-O018

L te ...... J .? ? ? .. .
Q uihj Control Stpcrriaor
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I , , I . M * M  I M  4 U

LABORATORY TEST REI?SS^^ED JUN 4 19S2
L E H IG H  P O R T L A N D  C E M E N T  C O M P A N Y

Consignee ^ U?°.P C o rj> ....................................... .................  n ^ ln a H e « .. . H e p p n e r ,  O re g o n ........................
Date....̂ ...?®.*.JS§.?..................... C a r/T ru p k ...................................................................

TYPE AND SPECIFICATION N a . . . . i . i ...... S P E C IF IC A T IO N  L IM IT S

RESULTS O F TESTS—« IN  He.... 5 .1......... ! & $ ? . ...................... NORMJLL
XUINT1

MODERATE SULFATE RESISTING CEMENT TYPE KI

HIGH EARLY STRENGTH PORTLAND CEMENT 
TYPE m

C H E M IC A L  
Silica (SiOa) 2 2 .9

rOKTUND (
t y p e

AAT.1I.C150 FEDERAL8S-C-1960/J AATil.C1S0 FEDERAL88-C-1MO/X AAT.1I.cuo FEDERALaac-t«*o/a
M in.% 21.0 21.0

Alumina (AitOa) l+ .i M .x.% 7.5 6.0 6.0 7.5
Ferric Oxide (Fe>0«) U .2 6.0 6.0 6.0 6.0
Calcium Oxide (CaO) 6 2 .3
Mttgueaiu (MgO) 2 . 2 M ax.% 6.0 6.0 6.0 6.0 6.0 6.0
Sulfuric A nhydride (SO«)

W hen 3CaO.AlaO« ia 8 %  o r  lean 2 .1 M ax.%  3.0 3.0 3.0 3.0 3.5 3.5
W hen 3CaO.AlaO« ia over 8% M ax.%  3.5 3.5 4.5 4.5

Ignition Loaa 1 .T iUx.%  3.0 3.0 3.0 3.0 3.0 3.0
Insoluble Reaidue M ax.%  0.75 0.75 0.75 0.75 0.75 0.75 •
Poten tial Com pounda 

Tricalcium  Silicate (3CaO.SiOi) ijQTricalcium  A lum inate (3Ca6.Al»6«) M ai.% 15.0 8 8 15 15
D ic a lc iu m  S i l i c a t e

P H Y SIC A L
Fineness, Specific Surface, (W agner) Min. 1600 1600 1600 1600

(B laine) 331+0 Min. 2800 2800 2800 2800
Soundneaa, A utoclave Expanaion o . o u M ax.%  0.80 0.80 0.80 0A0 0.80 0.80
Time of Set (Gillmore) 

In itia l (H r. : M in.) 2 i5 0 M ia. 1:0 IK) IK) IK) io 1.0
Final (H r. : M in.) 5 * 0 0 Max. 10:0 100 10.0 10O too 10O

Compressive S tren g th , psL 
1-day Min. 1800 1800
3-d ay  1 0 0 0 I7 6 C 1800 ^ 1SQG 1500 3500 3500
7-day 1 7 0 0 Min. 2800 2800 m m 2500 (•) (b)

T o t a l  E q u i v a l e n t  A l k a l i ar _£L6Q
_ H e a t  o f  E v d r a t i o n  & 7 d a y s 6 2  '

(«) Kffcctfcr* only when so tpedfod by percheeer. (b) 9Um*Um
N O T E .— All teat apecimena were m ade and  i 

equipm ent uaed compliea w ith th e  requiren 
W illo w  C r e e k  Lam J o b  #BA<

Date...«aX...?.§Ji . . l 2 8 2 ..............................

•ft mmr M« M*b«r thmm at
itored under a tric tly  con 
aenta of A .S .T .M . and  I 
CV 6 8 - 8 2 - 0 - 0 0 1 8

amt p*aeaAi«»| gpaclAcftlJoa ip .

trolled tem p era tu re  cond it 
federal Specificationa for I

iona. All teating 
Portland C em ent.

Quality C oatrel 8 tp c rfiie r
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---  R E u t i V E r ' " M ^

LABO RATO RY T E ST  R EPO R T  

LEHIGH PORTLAND CEMENT COMPANY
ConjigTie* E u c o n  C o r P -  ..................................................  D estination ..... »?.P.R.I}.e.T..!...9r.e.8.?.n.....................................

T W , June 23 • 1982 ...C ar/T ru ck .................................................................. P l a n t . ........

T Y P E  A N D  S P E C I F I C A T I O N  No.. . .T .Ï .........ASTM..C-1.50............ SPEC IFIC A TIO N  L IM IT S

BESULTt O F  T E S T S — B I N  N o . ...........3 3 .....15.7.82 .......................... NORMAL
PORTLAND CEMENT 

TYPE I

MODERATE 
SULFATE 

RESISTING  
CEMENT 
t y p e  n

HIGH EARLY 
STRENGTH 
PORTLAND 

CEMENT 
TYPE m

CHEMICAL 
Silica (SiOj) 2 3 , 1

AJS.T.M. 
Cl 50

FEDERAL 
SS-C-l960/3

AJ5.T.M.
C150

FEDERAL 
SS-C-l960/3

A A T.U .
0 5 0

FEDERAL 
88-C-1960/3

Min.% 21.0 21.0

Alumina (AljO*) 4 , 3 Max.% 7.5 6.0 6.0 7.5

Ferric Oxide (FeaO«) 3 .9 Max.% 6.0 6.0 6.0 6 0

Calcium Oxide (CaO) 6 3 . 3 . . .
Magnesia (MgO) 1 . 7 Max.% 6.0 6.0 6.0 6.0 6.0 6.0

Sulfuric Anhydride (SO*)
When 3C a0.A l,0 , is 8% or leaa 2 .0 Max.% 3.0 3.0 3.0 3.0 3.5 3.5

When 3C a0.A I,0, ia over 8 % Max.% 3.5 3.5 4.5 4.5

Ignition Loss 1 .3  . Max.% 3.0 3.0 3.0 3.0 3.0 3 0

Insoluble Residue Q. 29 Max.% 0.75 0.75 0.75 0.75 0.75 0.75 *

Potential Compounds
Tricalcium Silicate (3CaO.SiOs) _ J t2 _____
Tricalcium Aluminate (3CaO.AlfOt) 4 . 8 Max.% 15.0 8 8 15 15

• 35

PHYSICAL
Fineness, Specific Surface, (Wagner) Min. 1600 1600 1600 1600

(Blaine) 3 3 8 0 Min. 2800 2800 2800 2800

Soundness, Autoclave Expansion 0 . 0 4 M ax.%  0.80 0.80 0.80 0.80 0.80 0.80

Time of Set (Gillmore) 
Initial (Hr. : Min.) 2 : 5 5 Min. IK) 1:0 IK) IK) IO 1:0

Final (Hr. : Min.) — 5 7 c n r Max. 10:0 10K) 10.0 10.0 10O 10O

Compressive Strength» psL 
1-day

-
Min. 1800 1800

3ndav-------------------------------------- r ü ü ü  - ------- T Ï Ï5 Ü " Mis. Î800 ! 800 j o n o œ x 1500 3500 3500

--------------------------------------H ü ü ------- M T Min. 2800 2800 xxaoDCX 2500 (*) 0>)

1
Total E q u i v a l e n t  Aik. 0 . 5oJ M a x  . 0 . 6 0

Heat of H y d r a t i o n  @ 7 day s 6 6  I M a x . 70
I
I
I
«

(a) E ffec t iv e  only when ao apedScd by purchaaer. (b) Strength« at any age hlgl

NOTE.— All test specimens were made and stored und 
equipment used complies with the requirements of A

For W i l l o w  Cre e k  Dam J o b  #DACW 6 8 - 8 2 - C -  

J  D ate ?.2 .» ..3.?.82 .........................................

icr than atrengtha at

er strictly cor 
.S.T.M . and :

0 0 1 8 a
next pracadlng apedficatlon aga.

i trolled temperature conditions. All testing  
Federal Specifications for Portland Cement.

T '

i V ^ . . . / ^ ^ . . ^ ^ ^ ^ > ^ 7 7 7 7 7 ................................
Quality Control ßnparviaor
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tTSAE District, Walla Wall,
ATTN: Mr. Ernie Schrader, 
NPWEN-FM
Bldg. 602, City-County Aijrport 
Walla Walla, WA 99362

; F S T K l ' t ' O R  T N 

S P E C I F I C  a t  l U N :

REPORT OP TESTS OF 
PORTLAND CEMENT

r , ; o m : c o r , , 1 ) o r  L N C - iN i- L i i r ,

Struc't’ures Laboratcry 
Waterways bxp Station 
ATTN: Cem & Po/.z Unit 
P 0 Box 631 
Vicksburg, MS 39180

NPU-237;
-8.8.-.Ç- 1.96Û/3- ,-.lyp.e— 1L, — LA,_11LL

r f  t R i : s i - . N T i : i P

L C J A T 1 O ,MLehigh Cem Co.. ___
X  M E E T  S P F C 1F I C A T  ON R E Q U I R E M E N T :

COMS ,lAli* 30 June 32
D A T  L  S A M I  I 14 June 82

Metaline Falls, WA

S A M P L E '  N O . 1  1 J / v  c

s . o 2 . 2 2 . 1  !

«*ï
c

N

l
l

4 . 0

P f 2 °3 - 4 . 0  j

M -i O, %
2 . 3 !  •

S O 3 . 7„
2 . 5

L O S S  O N  I G N I T I O N .  % 1 . 5

A L K A L I E S - T O T A L  A S  N a 20 ,  ",
0 . 5 5

( . 0 , 0 .  -
0 . 1 3

K 2° -  * 0 . 6 4 ;

I N S O L U B L E  R E S I D U E .  %
0 . 3 3

C a O ,  %
6 2 . 0  !

C _S .  T
4 5

c 3 a .
4 /  - ,  r

C 2s , *
2 9

C j A  ^ C 3S. %
4 9

C « A F - ~ 1 2
C 4 A E  + ? C 3A. -

2 0

H E A T  C F  H Y D R A T I O N ,  7D ,  C A L / G
6 7 2  c;  -  -

H E A T  O r  H Y D R A T I O N .  2GD, C A L / G

S U R F A C E  A R E A ,  SQ CM, G ( A . P . )
3 4 5 0

a ; r  c o n  t e n t ,
7 . 7

C O M P .  S T R E N G T H .  3  D « P S I
2 2 7 0

C O M P .  S T R E N G T H .  1  D , PS I
3 5 5 0

C O M P .  S T R E N G T H .  D, P S I /

p a l s e  s e t - p e n . f / i . %

s a m p l e  n o . 1

A U T O C L A V E  E X P . ,
0 . 0 6

2 : 4 0
I N I T I A L  S E T .  P P . 'M I N

F I N A L  S E T ,  HP M IN
4 : 4 0

S A M P L E  N O .

A U T O C L A V E  E X P . .  -

I N I T I A L  S E T .  h r  'M IN

F I N A L  S E T ,  H R / V I N I
t

r e m a r k s

CC: R e s  E n g r *  H e p p n e r ,  O R

L e h i g h  C e m  C o . ,  M e t a l i n e  F a l l s ,  W A

T ;<?'4r<* ' V -t N  T '<IS R C P O R T  S H A L - N O T  B E  U S E D  ,N A O V C R  r i r . l b LG-O R  S A L E S  P R O M O T I O N  T O  I N D I C A T E  E I T H E R  E X P L I C I T L Y  
C R  I M K b . n  L  '  t N D O R S h M E N T  O F  T H I S  P H O U I P F  B Y  T H E  U. S. 'SO VÎ TM -M Et'-l F.

.... Assetti.. I 
R. E. REINHOLD 
Chief, Cement & Pozzolan Unit

n io  rcr,M  , „ 
i mAf? 17 xaOe-R

PREVIOUS EDITIONS O lC O L f  TE
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USAE District, Walla Wall 
ATTN: Mr. Ernie Schrader 1 

NPWEN-FM
Bldg. 602, City-Co. Airport 
Walla Walla, WA 99362

REPORT OF TESTS OF 
PORTLAND CEMENT

F R O M :  C O R P S  O F  E N G I N E E R S
U . S. A R M Y

Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit
P 0 Box 631

T E S T  R E P O R T  N O .  NPW~245“82 E M N ’N O .  C W T  R E P R E S E N T E D :  CQMS D A T E .  6 July 82

s p e c i f i c a t i o n : SS-C*“ 1960/3 .  Type II. LA. HH d a t e  s a m p l e d : 22 June 82
c o m p a n y : Lehigh Cem Co., l o c a t i o n  Metaline Falls,WA b r a n d :

T H I S  C E M E N T  D O E S  X M E E T  S P E C I F I C A T I O N  R E Q U I R E M E N T S

S A M P L E  N O . 1
s ; o 2 . *, 22.9

a ' 2 o 3 - •• 3.9

F ' 2 ° 3 -  “
4.2

M g O .  r. 2.1
s o 3 . % 2.3
L O S S  O N  I G N I T I O N .  T. 1.3
A L K A L I E S - T O T A L  AS N c ^ O .  *i 0.56
N O j O .  X 0.14
k 2 o . % 0.64
I N S O L U B L E  R E S I D U E ,  " 0.23
C o O .  X 62. a
c 3 s .  % 40
C 3 A. 3 *' /h ; »'

C 2 S. 35

C 3 A * C 3 S- " ‘ 43
c 4 a f . -. 13
C 4 A F  ♦  2  C j A ,  7. 19
H E A T  O F  H Y D R A T I O N ,  7 D .  C A L / G 55 /  <' /> /•* •*'

H E A T  O F  H Y D R A T I O N .  2 8 D .  C A L / G

S U R F A C E  A R E A .  SQ C M / G  ( A . P . ) 3460
A I R  C O N T E N T ,  X 9.5
C O M P .  S T R E N G T H .  3 P S I 1930 A  '•
C O M P .  S T R E N G T H . ?  J  D .  PSI 2900 / y

C O M P .  S T R E N G T H .  D.  P S I

F A L S E  S E T - P E N .  F I .  7.

S A M P L E  N O . 1
A U T O C L A V E  E X P . , 0.02
I N I T I A L  S E T .  H R / M I N 2:30
F I N A L  S E T .  H R / M I N 4:30
s a m p l e  n o .

A U T O C L A V E  E X P . .  ~

I N I T I A L  S E T ,  H R / M I N i

F I N A L  S E T .  H R / M I N

r e m a r k s : Project Sample DACW68—82—C—0018

CC: Res Engr, Heppner, OR

Lehigh Cement Company. Metaline Falls, WA

T H E  I N F O R M A T I O N  G I V E N  IN T H I S  R E P O R T  S H A L L  N O T  B E  U S ^ ^ T n  A D y t ^ T l S l N G  O R  s X l ES  P R O M O T I O N  T O  I N O I C A T E  E I T H E R  E X P L I C I T L Y  
O R  I M P L I C I T L Y  E N D O R S E M E N T  O F  T H I S  P R O D U C T  B Y  T H E  j / S .  G O V E R N M E N T .  1 

----------------- ------------------------------------------------------------------------ - ■ ■ - ........ ............................. £--------------------! _________________________________________________________________________ ____ _________________

(<r \
[NHOLD

Chief, Cement & Pozzolan Unit

#MG r ° " ‘l f tO r tU R  » M A N  72 OytB-R EXHIBIT 2.1 
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USAE District, Walla Wall 
ATTN: Mr. Ernie Schrader, 

Bldg. 602, City-Go. Airpojrt 
Walla Walla, WA 99362

i l . S T  R E P O R T  N O .  NPW—254—82 E3IN ' N O . C W T  R E P R E S E N T E D :  CQMS d a t e : 15 July 82
s p e c i f i c a t i o n : SS—C— 1960/3, Type II, LA, HH d a t e  s a m p l e d . 23 June 82
c o m p a n y : Lehigh Cem Co [ l o c a t i o n  Metaline Falls. WA b r a n d :

T H I S  C E M E N T  D O E S  X M E E T  S P E C I F I C A T I O N  R E Q U I R E M E N T S

RLF'ÜRT OF TESTS OF 
PORTLAND CEMENT

F R O M :  C O R P S  O F  E N G I N E E R S
U . S.  A R M Y

Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit 

P 0 Box 631

S A M P I .  F N O . 1
C O , . 22.9

A,/v '■ 3.8
F -  , 0  ^  " 4.2
M . , U . 2.1 .

L U 3' 2.4
I . . OSS O N  I G N I T I O N ,  ” , 1.3
A L K A L I E S -  ' T O T A L  A S  N o ? 0 ,  S 0.57 *Ref ?£Lra 5 .  c . .  App C ,  ER 1].10-1-2C 02, dat ed 11/1
N u . , 0 ,  V. 0.14 exceec is criti cal linIt for Total AJkali
K , , o t c 0.66
I N S O L U B L E  R E S I D U E ,  - 0.29
C c i O .  \ 61.4
C 3 S. 37
c 3 A .  •• 3

C 2 -  '
38

o > n 19
c 4 a f . 13
C 4 A F  i 2  C 3 A,  % 19
H E A T  O F  H Y D R A T I O N ,  7 D ,  C A L / G 63
H E A T  O P  H V  O R A T I O N ,  2 8 D ,  C A L / G

S U R F A C E  A R E A .  S Q  C M  G ( A . P . ) 3460
A I R  C O N T E N T ,  T 8.0
C O M P .  S T R E N G T H ,  ^  D ,  P S I 2270
C O M P .  S T R E N G T H ,  ~J D ,  P S I 2900
C O M P .  S T R E N G T H .  D ,  P S I

F A L S E  S E T - P E N .  F / l .  "■

S A M P L E  N O . 1
A U T O C L A V E  E X P . ,  C 0.01
I N I T I A L  S E  T .  H R / M I N 2:30
F I N A L  S E T ,  H R / M I N 4:35
S A M P L E  N O .

A U T O C L - A V E  E X P . ,  C

I N I T I A L  S E T ,  H R / M I N

F I N A L  S E T ,  H R / M I N

1/77,

R E M A R K S : Project Sample DACW68-82-C-0018

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

I M F  I N F O R M A T I O N  G I V E N  I N  T H I S  R E P O R T  S H A L L  N O T  B E  U S E D  I N  A D V E R T I S I N G  O g  S J \ E S  P R O M O T I O N  T O  I N D I C A T E  E I T H E R  E X =» (_ !C I T  L  > 
O R  I M P l  I C I  I l - Y  I- N D O  RSI '  M I N I  OF- T H I S  P R O D U C T  B Y  T H E  U .  S.  G O V  E G

R. E. REINHOLD 
Chief, Cement & Pozzolan Unit
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USAE Dist. Walla Walla 
ATTN: Ernie Schrader, 

NPWEN-FM
Bids. 602, City-CO,A/port 
Walla Walla, WA 9-9362

REPORT OF TESTS OF 
PORTLAND CEMENT

F R O M :  C O R P S  O F  E N G I N E E R S  
U . S. A R M Y

Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit 
P 0 Box 631
Vicksburg, MS 39180

I L S I  R E P O R T  N O . NPW“270— 82 B I N ' N O .  C W T  R E P R E S E N T E D :  CQMS D A T E :  21 Jlily 82
s p e c i f i c a t i o n : SS—C—1960/3, Type 11, LA, HH d a t e  s a m p l e d : 1 July 82
coMPANY.Lehigh Cement Co. l o c a t i o n  Metaline Falls, WA b r a n d :

T H I S  C E M E N T  D O F S  X  M E E T  S P E C I F I C A T I O N  R E Q U I R E M E N T S

SAM PL F N O. 1 4
S , 0 2 . ; 23.1 22.8
A l , , O v  T 4.2 4.2
F o O , - 3.9 4.0
M i) O , ' 1.9 2.0
s°v '■ 2.5 2.1
L O S S  ON  IG N I  T I O N ,  T 1.2 1.5
A1 K A L I  E fj — T O T A L  AS  N a 2 0 ,  % 0.58 0.60 *Ref Pa tra 5.a.j^PP c, ÏR 1110--1-2002, dated
N o ^ O . % 0.15 0.14 exceed 3 criti<:al lim Lt for rCota! A].kalies
K 2 ° ’ ' 0.66 0.70
U T A H  U R G E  R E S I D U E . 0.16 0.12
C o o .  •; 61.5 61.9
c 3 S. 35 38
C 3 A .  ' 4 5
C , S . 40 37
C3A + C 3 S. r. 40 43
c 4 a f . 12 12
C ^ A F  t 2 C 3 A, 21 21
H E A T  O F  H Y D R A T I O N ,  7 D ,  C A L  G 67
H E A T  O F  H Y D R A T I O N ,  2 3 D ,  C A L ,  G

S U R F A C E  A R E A ,  SQ C M / G  t A . FJ.) 3920 3570
A I R  C O N T E N T , 7.5 7.8
C O M P .  S T R E N G T H ,  ^ D , PSI 1970 2270
C O M P .  S T R E N G T H ,  ~J D. PSI 2750 3380
C O M P .  S T R E N G T H ,  D,  PSI

f a l s f :  s e t - p e n . f / i . s

S A M P L E  N O . 1-2 3-4
A U T O C L  A V E  E X P . .  - 0.08 0.02
I N I T I A L  S E T ,  H R / M I N 2:40 2:40
F I N A L .  S E T ,  H R / M I N 4:30 4:40
S A M P L  E N O .

A l l  T O C E  A V E  E X P . ,  " j
I N I T I A L  S E T ,  H R / ' M I N

F I N A L  S E T ,  H R / M I N

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

li/iiy

CC: Res Engr, Heppner, OR 97836
Lehigh Cem Co., Metaline Falls, WA

l i l t  IN I  O R M A  ! ION  G I V E N  IN T H I S  R E P O R T  S H A L L  N O T  H E  U S E D  IN A D V E R T I S I N G  O l i  SAL t ' . i  P R O M O T I O N  T O  I N D I C A T I .  E I T H E R  E / R L I C I T l *' 
(.'tv I M P U T I  I t . Y  ENDOWS«.  Ml  N 1 Of-  T H IS  P R O D U C T '  MY [ H E  U. S. ( j O V L R M M t ' N T .

\ * 1
A & l R- E- Re|nhold
^  Chief, Cement & Pozzolan Unit

ENG FORM 
« MAR T i. 6008-R EXHIBIT 2.1 
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USAE District, Walla W&lla 
ATTN: Ernie Schrader
NPWEN-FM
Bldg. 602, City County 
Walla Walla, WA 99362

REPORT OF TESTS OF 
PORTLAND CEMENT

Airport

F R O M :  C O R P S  O F  E N G I N E E R S
U .  S. A R M YStructures Laboratory Waterways Exp Station

ATTN: Cem & Pozz Unit
P.0. Box 631 
Vicksburg, MS 39180

T E S T  R E P O R T  N O .  NPW-317-82 C W T  R E P R E S E N T E D : CQMS D A T E :  24 August 1982
S P E C I F I C A T I O N :  ASTM C150. Type II. LA. HH D A T E  S A M P L E D :  H  A ugU St 1982
C O M P A N Y : I^ehigh Portland l o c a t i o n  Metaline Falls. WA
T H I S  C E M E N T  D O E S M E E T  S P E C I F I C A T I O N  R E Q U I R E M E N T S

S A M P L E  N O . 1
5 , 0 2 . 21.4
a L , ° j , ", 3.9
f * 2 o 3 . % 3.9
M g O , ” , 2.2
s o 3 . ", 2.3
L O S S  O N  I G N I T I O N .  % 0.9
A L K A L I E S - T O T  A L ’ AS N a ^ ,  X 0.35
N a 20 .  X 0,10
K z O.  7. 0.49
I N S O L U B L E  R E S I D U E .  X 0.2
C 0 O . X 62.4
C 3 s . 49
c 3 a . * 4
c 2 s . 27
C 3 A + C 3 S. X 53
C A F ,  % 4 12
C 4 A F  +■ 2 C 3 A, % 19
H E A T  O F  H Y D R A T I O N ,  7 D ,  C A L / G 70
H E A T  O F  H Y D R A T I O N ,  2 8 D ,  C A L / G

S U R F A C E  A R E A .  SQ C M / G  ( A . P . ) 3720
A I R  C O N T E N T ,  % 9.2
C O M P .  S T R E N G T H ,  3 D > P S l 2170
C O M P .  S T R E N G T H .  ~J D , PSI 3170
C O M P .  S T R E N G T H ,  D,  PSI

F A L S E  S E T - P E N .  F / l ,  X

S A M P L E  N O . 1
A U T O C L A V E  E X P . ,  X 0.03
I N I T I A L  S E T ,  H R / M I N 3:10
F I N A L  S E T ,  H R / M I N 5:15
S A M P L E  NO.,

A U T O C L A V E  E X P . ,  X

I N I T I A L  S E T ,  H R / M I N  '

F I N A L  S E T ,  H R / M I N ,
r e m a r k s : P r o j ect Sample DACW68-82-C-0018 

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

T H E  I N F O R M A T I O N  G I V E N  IN T H I S  R E P O R T  S H A l , L  N O T  B E  U S E D  IN A D V E R T I S I N G  O R  S A L E S  P R O M O T I O N  T O  I N D I C A T E  E I T H E R  E X P L I C I T L Y  
O R  I M P L I C I T L Y  E N D O R S E M E N T  O F  T H I S  P R O D U C T  B Y  T H E  U .  S. G O V E R N M E N T .

R.E. REINHOLD
Chief, Cement & Pozzolan Unit

ENG FORM
1 M AR  72 6006-R EXHIBIT 2.1 
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T O :
USAE District, Walla Wal! 
ATTN: Ernie Schrader,NPW1 
Bldg. 602, City-Co.Airpoi 
Walla Walla, WA 99362

a
,N-FM REPORT OF TESTS OF 
:t PORTLAND CEMENT

FR O M : C O R PS O F E N G IN E E R S  
U. S. ARM Y

Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit 
P 0 Box 631 
Vicksburg, MS 39180

T E S T  R E P O R T  NO NPW“333~82 BIN »N O . CW T R E P R E S E N T E D : CQMS 1 DATE: 1 4 Sppt" R 7

S P E C IF IC A T IO N : ASTM C~ 151) , Type II, LA, HH D A T E  S A M P L E D : 17 Aug ¿2
C O M P A N Y : Lehlgtl C O  . | l o c a t i o n  Met aline Falls, WA B R A N D :

T H IS  C E M E N T  OOES NOT M E E T  S P E C IF IC A T IO N  R E Q U IR E M E N T S

S A M P L E  NO. 1
s io 2> 7. 21.5
A l20 3. 7« 4.0
F e 2° 3 . 7. 4.2
MgO, 7, 2.3
S ° 3 . 7» 2.4
LOSS ON IG N IT IO N . 7, 1 . 0

A L K A L IE S  — T O T A L  AS N<>20 .  % 0.48
No O, 7. 0.13

t'*6Y 0.53
IN S O L U B L E  R E S ID U E . 7. 0.13
CaO , X 63.4
c ,s .  7. 56
C 3 A. -, 3
c 2s. % 19
C 3A + C 3S, 70 59
c 4 a f , % 13
C 4 A F  + 2 C jA ,  7. 19
H E A T  OF H Y D R A T IO N . 7D , C A L /G 73 *Faili5 Heat Ilydratic>n 7 dâ r

H E A T  O F H Y D R A T IO N , 28D , C A L /G

S U R F A C E  A R E A , SQ C M /G  (A .P .) 3750
A IR  C O N T E N T , X 9
C O M P . S T R E N G T H . 3 D. PSI 2470
C O M P. S T R E N G T H . ~J D, PSI 3700
C O M P. S T R E N G T H , D. PSI

F A L S E  S E T - P E N .  F / l .  %

S A M P L E  NO. 1

A U T O C L A V E  E X P ..  7. 0.05
IN IT IA L  S E T , H R /M IN 3:00
F IN A L  S E T . H R /M IN 5:00
S A M P L E  NO.

A U T O C L A V E  E X P .,  70

IN IT IA L  S E T . H R /M IN

F IN A L  S E T , H R /M IN

remarks: Project sample DACW68-82-C-0018

CC: Resi. Eng., Heppner, OR 97836
Lehigh Cement Co., Metaline Falls, WA 99153

^hief, Cement & Pozzolan Unit*
E N C  F O R M
I m a r  72 6000- R

EXHIBIT 2.1 
Sheet 11 of 12



USAE District, Walla Wall ATTN: Ernie Schrader, NPV 
Bldg. 602, City-Co. Airpc 
Walla Walla, WA 99362

a
EN-FM REP0RT OF tests OF rt PORTLAND CEMENT

F R O M :  C O R P S  O F  E N G I N E E R S  
U .  S.  A R M YStructures Laboratory 

Waterways Exp Station ATTN: Cem & Pozz Unit 
P 0 Box 631 
Vicksburg. MS 39180

T E S T  R E P O R T  N O .  NPW““* 3 38”"8 2 B I N - N O .  C W T  R E P R E S E N T E D :  CQMS I DATE: 9 SeDt 82
S P E C I F I C A T I O N :  A STM Cl 30 . INrpe I I  T.A HH D A T E  S A M P L E D :  24 AllS 82
C O M P A N Y :  T jöh Ì  fftl CGI!! CO • l o c a t i o n  Metaline Falls. WA 1 b p a n o : .
T H I S  C E M E N T  D O E S  X M E E T  S P E C I F I C A T I O N  R E Q U I R E M E N T S

S A M P L E  N O . 1 I
S i 0 2 . " 22.2 I
a i 2o 3 . 3.9
f * 2o v  % 3.7
M q O ,  "V 2.5 T
s o 3 . ~ 2.2
L O S S  O N  I G N I T I O N .  T, 1.2
A L K A L I E S - T O T  A L  A S  N f l j O .  % 0.451
N O j O ,  % 0.11
K 2o .  ~ 0.51
i n s o l u b l e  r e s i d u e . % 0.161
C 'aO ,  % 63.0
C 3S. T. 50 ^
c3a. % 4
c 2s .  % 26
C , A  ♦ C 3S, % 54 1
C / F .  % 11
C 4 A F  + 2 C 3 A , 19
H E A T  O F  H Y D R A T I O N ,  7 D ,  C A L / G 64
H E A T  O F  H Y D R A T I O N ,  2 8 D , C A L / G

S U R F A C E  A R E A ,  SQ  C M / G  ( A . P . ) 3320
A I R  C O N T E N T ,  * 9
C O M P .  S T R E N G T H .  3 D- P S I 2520
C O M P .  S T R E N G T H .  7  D ,  PS I 3080
C O M P .  S T R E N G T H .  D .  PS I

F A L S E  S E T - P E N .  F / T .  %
S A M P L E  N O . 1
A U T O C L A V E  E X P . .  V 0.05
I N I T I A L  S E T .  H R ,  M IN 3:35
F I N A L  S E T ,  H R / M I N 4:35
S A M P L E  N O .

A U T O C L A V E  E X P . .

I N I T I A L  S E T ,  H R / M I N

F I N A L  S E T ,  H R / M I N
- -------------------- -

remarks: project Sample DACW68—82—C—0018
CC: Res Engr, Heppner, OR

Lehigh, Metaline Falls, WA

T H E  I N F O R M A T I O N  G I V E N  IN T H I S  R E P O R T  S H A L L  N O T  B E  U S E D  IN A D V E R T I ^ N t T o R  S A t ^ S  P R O M O T I O N  T O  I N D I C A T E  E I T H E R  E X P L I C I T L Y  
O R  I M P l - I C I  T  L Y  E N D O R S E M E N T  O F  T H I S  P R O D U C T  B Y  T H E  U .  S . ^ G O M e R H M J E f i T .  J

( l i  (P f fR. E. REINHOLD 
Chief, Cement & Pozzo lan  Unit

E N G  F O R M  6 O O 0 _ R  
I M A R 72

EXHIBIT 2.1 
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EXHIBIT 2.2

TYPICAL FLY ASH ANALYSES
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L A B O R A T O R Y
Structures Laboratory 
Waterways Exp Station 
ATTN: Cem &  Pozz Group 
P.0. Box 631 
Vicksburg, MS 39180

REPORT OF TESTS  

ON POZZOLAN
SS-C-1960/5

R E P O R T  NO.:

WES-10F-82

S H E E T  1  O F 1

d a t e : 22 Jan 82 
10 Feb 82

CLA S S  (  F  )  N KIND O F  P O Z Z O L A N : Fly Ash
souRCE:Pozzolanic Inti., Rock Springs, WY BRAN D :

T E S T  R E S U L T S  O F  THIS S A M P L E  L O T  £ ]  C O M P L Y  Q  DO NOT C O M P L Y  WITH S P EC IFIC A T IO N  LIMITS (SEE REM ARKS)

FO R  USE A T :

C O N T R A C T  NO.:

d i s t r i c t ^): Bureau of Reclamation
S A M P LE D  B Y: PSP D A T E  SA M P LE D : 14“ 18 B f e C  81
C A R  NO.: BIN NO.: 1  &  3 ~ 3 5 0  tCHlS
F IE L D  S A M P LE  NO.: L A B  S A M P L E  NO.:

D A T E  R E C E I V E D : ~J Jan 82 L A B  JO B  NO.:

T E S T E D  B Y . Qem &  P O Z Z  Group C H E C K E D  BY:

T E S T S  ON C O M PO SITE O F  T H E  100-TON S A M P LE S  LIS T E D  BELO W

s ¡o2 + a I2o 3
, * F *2°3

%

MgO

X
S°3

%

A V A I L A B L E

A L K A L IE S

X

P O Z Z O L A N  

S T R E N G T H  

X  C O N T R O L

IN C R EA S E  IN 

SH R IN K A G E  

X  (a)

A U T O C L A V E

EXPAN SIO N

X

R E D U C TIO N  IN 

EXPAN SIO N  

X  (b)

R E Q U IR EM EN T S

MIN 70.0 M AX S.O MAX 4.0 ! MIN 75 M AX 0.03 MAX 0.50 MIN 75

T E S T  R E S U L T S

84.6 1 1.6 0.5 * 98____ -0.04
T E S T S  ON S A M P LE S  R E P R E S E N T IN G  100 TO N S OR LE SS

S A M P LE
NO.

M O ISTUR E
C O N T E N T

X

LO SS ON 
IGNITION  

X

Fineness 
3 2 5  Mesh 
Sieve % 
¡Retained

% pts 
var froi 
avg pre

1 i o

_ LIM E  
11 P O Z Z O L A N  
tr S T R E N G T H  

PSt

W ATER
R E Q U IR E M E N T

% of 
Control

SP E C IFIC
G R A V IT Y

SP GR  
VARIATIO N  

FROM
A V E R A G E  O F  
P R E C E D IN G  

10. X

R E Q U IR E M E N T S

—
MAX
3.0

MAX
10.0 (N)
6.0 (F>

MAX
34

MAX

5
MIN
900

MAX
1 0 5

MAX
5

T E S T  R E S U L T S

1 0 . 0 0.4 2 2 0 1 2 5 0 2 . 3 5 2

3 0 . 0 0.3 26 4 1250 2 . 3 5 2

Bin Con posite 93

R Fac tor =  0. 26
CaO * 5.9

AVERAGE 2 . 3 5

(a) A P P LICA B LE ONLY TO  CLASS N LABORATORY CEM EN T USED

(b) OPTIONAL REQUIREMENT LABORATORY Ljl*E-U Sm  V

Tdeal, T:Lie ras. NM________
Aherns tóne

remarks: Meets 7 day s p e c i f *28 day test results.

’  • ' ‘ ' -  R .  E. RE INHOLD ____ . V ? V

Acting Chief, Cement &  Pozzolan Group
NOTE: THE INFORMATION GIVEN IN THIS REPORT SHALL. NOT BE USED IN ADVERTISING OR SALES PROMOTION TO INDICATE EITHER 

EXPLICITLY OR IMPLICITLY EMpORSElfENT O f THIS PRODUCT BY THE U. S. GOVERNMENT.

IN C  FORM NO. 

« AUG «7
GOOO-R

EXHIBIT 2.2 
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i  A f lO N A  T O H V .S t r u c t u r e s  L a b o ra to ry  
W aterways Exp S ta t io n  
ATTN: Cem A Pozz Group 
P .0 .  Box 631 
V ic k sb u rg , MS 39180
C L A S S JLL-1

REPORT OF TESTS 
ON POZZOLANSS-C -1960/5

n r  p o m  i  n o .

WES-111F-82 I Fn
date. 29 Mar 82

i\\nx
/PR

K IN O  O F  P O Z  Z O L  A N . F ly  Ash
*  P o z z o ! a n i c  I n t e r n a t i o n a l . R o c k  S p r i n g s , W Y  |_______________ X U f c f c W l Q H A W ---- A A A  j r 2 e  w ^  y r  » .  ^  t  -------O  ■- J --------------- 1----------------------— -----------------------------.

T C S T  R E S U L T S  O F  T H I S  S A M P L E  L O T  C O M P L Y  Q  D O  M O T  C O M P L Y  P I T  H S P E C  * *  1C A T I O N  L  I M I  T S «SC C W CM A________

row use at w illow  Creek Dam
contwact no.: DACW62—82—C—0018
O IS T W IC T tS ) :  W a l l a  W a l l a

S A M P L E D  B Y :  PSP
L;See.Remarks,

I Q A i C  s A M * ' L  tu' 19 Maf~82
NA

F I E L D  S A M P L E  N O .:
L A H  S A M P L E  N O .:

O A T S  P E C E  I V E O :  3 / 2 2 /8 2 L A S  J O U  N O . :

T E S T E D  B Y : Cem &  Pozz Group C H E C K E D  B Y ;

T E S T S  O N  C O M P O S IT E  O F  T H E t o o * T O N  S A M P L E S  L I S T E O  b e l o w ..

S iO , ♦

♦ F . a O ,  

X

M gO

X

. s o ,

X

a v a i l a b l e

A L K A L I E S

X

P O Z Z O L A N

s t r e n g t h "  

X  C O N T R O L

IN C R E A S E  IN  

S h r i n k  A G E  

X  U )

A U T O C L A V E

e x p a n s i o n

X

r e d u c t i o n  IN  

e x p a n s i o n

X  ( b l

R E Q U IR E M E N T S

M IN  7 0 .0 M A X  S .O 1 M A X  4 .0 M A X  1 . 5 0 M IN  TS M A X  0 . 0 ) M A X  0 . 5 0 J M IN  7 5

T E S T  R E S U L T S  _

8 5 .6 1 O 1 0 .  A 1 * * 1 i - 0 . 0 4 1__________________________
T E S T S  O N  S A M P L E S  R t  P R E S E N T  IN O  »OO T O N S  O R  L E S S

S A M P L E
N O .

M O IS T U R E
C O N T E N T

L O S S  O N  
IG N IT IO N  

X

F in e n e ss  
325 Mesh 
S ie v e  % 
R e ta in e d ]  10

%  p t s  

v a r  f r o  

a v g  p r e

L IM E
P O Z Z O L A N  
S T R fc  n G T M  

P S I

W A T E R
R E Q U IR L M C  N T

%  o f  

C o n t r o l

S P E C I F I C  
G R A V I T  Y

S P  G R  
V A  R I A  T I O N  

F R O M
A V E R A G E  O F  

P R E C E D IN G  
IO . t

— M A X
S.O

M A X
1 0 .0  I n )
6 .0  I F )

MAX
3A

M A X

5
M IN
» 0 0

MAX
105

M A X
5

T C S T  R E S U L T S

1 0 .1 0 . A 23 1 1180 2 .3 5 1
0 0 .0 0 . A 26 A 1150 2 .3 6 1
X

0 .0 0 . A 25 3 1A10 2 .3 6 1- «3___A o . l 0 . A 2A 1 1180 2 .3 5 0
**----- ___ V. lii--0 .0 0 .3  1 2A 0 1390 — V

2 .3 6  1 0
BIN COflPOSITE ^  92 / —------ 7 * — -----------

Map f "  Cl 7  d a v f i fineri£  i -ra tio n  r e }uiretnerii t s )  / A * .  /  7 * \ £  tU v /te s t  r e s u l t i
( —

, V Sr e ?  ri INH0LD _ L _____
A V E R A G E «

_ ' 1 A ctln £ _ i h i e f .  Cer
TrrrrrT---- fF:

len t St Po2 
2 .3 6 WS

z o la n  Grt

1«) a p l i c a b l e  o n l y  t o  c l a s s  n

fW) O P T IO N A L  R E Q U IR E M E N T
L A B O R A T O R Y  C E M E N T  U S E D  

L A B O R A T O R Y  L IM E  US CD . Chemstone

M eets 7
S a m p l e  N o .l Sam ple No. 2 Sample No. 3 Sample No

R R  Car W T l3 2 2 5 13032 19349 13328
•• :: :: 13129 131A8 19363 13130 .......................................  13030 13073 1980A 13317
"  "  " 13157 13366 19585 13152

*28 day t e s t  r e s u l t s .
A Sample No

131091962519879
13008

N O T E : T H E  IN F O R M A T IO N  G IV E N  IN  
E X P L IC IT L Y  O R  IM P L IC IT L Y

T H IS  R E P O R T  S H A L L  N O T  B E  U S E D  *N  A D V E R T IS IN G  O R  S A L E S  P R O M O T IO N  T O  IN D IC A T E  E IT H E R  

E N D O R S E M E N T  O F  T H IS  P R O O U C T  B Y  T H E  U . S . G O V E R N M E N T .
---------------- ,------------- ,-------------1------------- i ------------ 1— — ------------------------------------------------------------------------------------------ “|mi roan aie. 
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EXHIBIT 2.2 Sheet 2 of 19

-  5 198?



i

n
. i

feuJl

1 A U O R  A T O R Y :

_A

Structures Laboratory
Waterways Exp Station REPORT OF TESTS 

ON POZZOLANATTN: Cem & Pozz Unit SS-C-1960/5
P 0 Box 631
Vicksburg, MS 39180

u i  p o r  r n o .:

_WE S-17_9JL-i8 2.
_ L _

DATF.: iß May 82
9 June 82

:(F-L-- K I N D  G r  r O Z Z O L A N : Fly Ash
Pozzolanic Northwest, Rock Springs, WY G R A N D :

T K ST B E S U I . T S O F T H I S S A M H . E L O T  [ %  C O M P L Y  □  D O  N O T  C O M P L Y  W I T H  S P E C I F I C A T I O N  L I M I T S  lG t£E  R E M A R K S )

F O R  U S E  A T :  _______________________ J.L .______________________________________ ______________________________ __________ __________■_____

C O N T R A C T  N O .:

n iS T R IC T ( S ) : Bureau of Reclamation & Walla Walla
S A M P L E D  B Y : PSP D A T E  S A M P L E D : 4 May 82
C A R  N O . :

F I E L O  S A M P L E  N O . :

bin no.: #3-160 tons 1 Railroad Cars 975 tons **
I L A B  S A M P L E  N O . :

D A T E  R E C E I V E D :  7 May 82 L A B  J O B  N O . :

T E S T E D  B Y :  Cement & Pozzolan Unit_____
T k STG  O N  C O M P O S IT E  O F  T H E  lO O -T O N  S A M P L E S  L IS T E D  B E L O W

C H E C K E D  B Y :

M gO
A V A I L A B L E

A L K A L I E S

P O Z Z O L A N

S T R E N G T H

C O N T R O L

i n c r e a s e  i n  

s h r i n k a g e  

= (0)
A U T O C L A V E

E X P A N S I O N

R E D U C T I O N  IN 

E X P A N S I O N

(b)

R E Q U I R E M E N T S

M IN  7 0 . 0  ' M A X  5 . 0 *1.50
T E S T  R E S U L T S

87.2 2.0 0-6 I* 1C68 1 * 90 0.02
T E S T S  O N  S A M P L E S  R E P R E S E N T I N G  10 0 T O N S  O R  L E S S

S A M P L E
N O .

M O I S T U R E
C O N T E N T

| Fineness 
loss on 325 Mesh 
,GMT ON I Sieve % avg prev 

¡Retainedi 10 i

% pts
vat fro|iiPOZZOLAN

S T R E N G T H  
PSI

W A T E R
R E Q U I R E M E N T

% of 
Control

S P E C I F I C
G R A V I T Y

S P  G R  
V A R I A T  IO N  

F R O M
A V E R A G E  O F  

P R E C E D I N G  
10.

R E Q U I R E M E N T S

M A X
3 .0

M A X
1 0 .0  (N )
6 .0  ( F )

MAX
34

M A X

5
M IN
9 0 0

MAX
105

T E S T  R E S U L T S

CaO

0.0
0.1
0.1
0.0

R Factor - none
= 4

0.36
0.42
0.38
0.30

26
28
20
22

BIN COiEPOSITE

1120
1090
1060
1070

92

2.35
2.35
2.36
2.36

2.36

_ 0 _

JL
0
0

(a) A P P L I C A B L E  O N L Y  T O  C L A S S  N 

fb)  O P T I O N A L  R E Q U I R E M E N T

L A B O R A T O R Y  C E M E N T  U SE D  .

L A B O R A T O R Y  L I M E  USED  J lh e m a L Q iiS L -

I d e a l .  P o r t l a n d, CO

;Meets 7 day specificatip:
**UP19631 

UP19432 
UP19824 
UP 19 39 2 
UP43139

UP13004 
UP13189 
UP 19767 
UP19374 
-UP-19495-

*28 day test results.

R. E. RETNH0LD
Ac tin g Chief, _Ce_nien t & Pozzolan Group

N O T E : T H E  IN F O R M A T IO N  G IV E N  IN T H IS  R E P O R T  S H A L L  N O ! R E  USED IN A D V E R T IS IN G  OR S A L E S  P R O M O T IO N  T O  IN D IC A T E  E IT H E R  

|___________ E X P L IC IT L Y  O R IM P L IC IT L Y  E N D O R S E M E N T  O F  T H IS  P R O D U C T  BY TH E  U. S. G O V E R N M E N T .

C M r .c o P M N O .  6 0 0 0 _R

1 A U G fc7
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t V

Vi

S t r u c t  u r c s 1 i b o r ■ 11 01  y 
'. . 'ate ¡ w a y s  E x p  S t a t i o n  
A I T : ; :  Cení Í» P o z z  U n i t  
P 0  B o x  6 3 1  
V i c k s b u r g ,  MS 3 9 1 8 0IZIJ'3

RCPOKT Of 1f SIS 
ON P0ZZ0LAN
SS-C-iyoO/5

»« 1 "  •' t n O

WES-2291'-

[. ' if  n  2  o f

DUE: 22  J u n e  8 2

i n i ) o r  i ’ o z _ J F ly _ A s h _
^ u" r i  P o z z o ! a n i  ç__I n  t e  vai a t i o n a l .  R o c k  S p r i n g s ,  WY~1 !i
1 G 5T RLSUL T S Of̂  1 MIS S/.Mm c LOI C:«pLV f j  DO not COMPLY WITH ! M O N  L I M I T S  «SE E  R E M A R K S »

r r at: Willow Creek Dam
C O N l R A C T N O . : D A C W 6 8 - 8 2 - C - 0 0 1 8
distruttisi. W a l l a  W a l l a
SAN-PLrO p Y : PSP DATE SAMPLED 7 J u n e  3 2

bin no.. 2 0  P v a L l r o a d  C a r s
HELD sample no.:
CATE RECEIVEO: 1 4  J u n e  8 2

L A B  s a m p l e  n o . :

LAB JOB NO.:

tested by: C e m e n t  & P o z z o l a n  U n i t CHECKED BY:
TESTS on COMPOSITE OF THE I OO-T ON S A V “LES LISTED BELOW

s'°2 * A,?° j
4 r ' 2° l

MgO
% -

■ I

i AVAILABLE
! alkalies
11

POZZOLAN
STRENGTH

CONTROL

INCREF SE IN
Shrinkage 

*i  <o)

AUTOCLAVE
EXPANSION

a

j REDUCTION IN 
EXPAIISION 

% lb)

REQUIREMENTS
'•'IN 70.0 jj MAX S.C j MAX 4.0 MAX 1 . 5 0  j1 MIN 75 j1 MA) 0 . 0 3 MAX 0.50 MIN 75

TEST R CULTS

8 9 . 7  11 2 . 0  !

1
o x> ; ve i *  j 0 . 0 1  I

r E S T E  O N  S A M P L E S  R E F F E S T  N T  I n G 1 00  T O N S  O «  L E E

S A M P L E
N O .

MOIST UPE 
CONTENT

LOSS ON 
IONI! ION

F i n e n e s s  
3 2 5  M e s h  
S i e v e  %

% pts I
v a u  f r o ín ,^  i- ; ; ;  .

j *  A T F R
R E Q U I R E M E N T

I % o favg prey S1 "¡v”0™
R e t a i n e d  ! 1 0  ! C o n t r o l

SPECIFIC
GRAVITY

4

S P  G R  
VA PI A t ION 

F POM
A V E R A G E  c f  

P R E C E  O I N G  
10.

R E Q U I R E M E N T S

— MAX
3.0

MAX
G.O IF»

MAX
34

MAX
5

MIN
900

MAX
1 0 5

MAX
5

T E S T  R E S U L T S

1 1 0 . 1 ! 0 . 4 2 5 0  11 1 0 6 0 2 . 3 5 1 0
2 Í 0 . 1 i 0 . 4 27 2 i! 1 1 2 0 1 2 . 3 4 1 2 '
3 1 0 . 1 : 0 . 4 2 8 3 !! 1 0 5 0 Ì ! 2 . 3 5 i_____o

1 ! B I N  C O M P O S IT E 9 0  1¡
1

1 1 1! 1 ■'.................. 1 r ~ ................... :i ' ......... ......

1 1 Ì i ! “

1 1 ________  : i r
1 i ! ! i

1 1 J i
1 i 1 i

AVERAGL I 1 1 j1___________ [ _______ ________ i
lo) A P P L I C A B L E  O N L Y  T O  C L A S S  N  

*bl O P T I O N A L  R E Q U I R E M E N T

l a b o r a t o r y  c l m f n t  u s e d  

LA BORATORY LIME LP F Ü

»£v>n ŝ M e e t s  7 d a y  s p e c i f i c a t i o  
SAMPLE / / I  SAMPLE 02 SAMPLE A 3
U P - 1 3 2 3 6  
U P - 1 3 2 4 3  
U P - 1 3 1 8 8

U P - 1 3 1 6 0
U P - 1 3 1 7 2

u r - U L
U P - 1 3 1 3 2  '

U P - 1 3 0 ^  '  "

I d e a l ,  P o r t l a n d ,  
Chem s t o n e ___________

CO

* 2 8  d a y  t e s t  r e s u l t s .

____Chief, Cement & Pozzolan Group
NCTL- t h e  I N F O R M A T I O N  G I V E N  IN t h i s  R L K a »  S**ALL N O T  B L  U S E D  IN A O v i  n t i M M . n - i  1 * 7 1 C l - kT i m o  I ION T O  irTiTiCAT F E I t Ñ i n

e x p l i c i t l y  o n  »m Ip e i c i t l y  E N ro M s rv LN T  o f  t h is  pROuuCT nv t *«i .. s g o v ì r n v i n t .

. » IMiM NO
».'••I I«

EXHIBIT 2.2 
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L A B O R A T O R Y .

S tr u c tu r e s  L ab o ra to ry  
Waterways Exp S ta t io n  
ATTN: Cem & Pozz U nit 
P 0 Box 631 
V icksburg , MS 39180

REPORT OF TESTS 
ON POZZOLAN
SS-C -1960/5

R E P O R T  N O .:

WES-236F-82

S H E E T  ^  O F  .J

DaTE;28 June 82
21 Ju l V 82

C L A S S  ( F ) N 1 k i n d  O F  P O Z 2 0 L A N ;  F ly  Ash
source: P o z z o la n ic  I n te rn a t io n a l ,R o c k  S p rin g s , WY B R A N D :

T E S T  R E S U L T S  O F  T H I S  S A M P L E  L O T  J£] C O M P L Y  Q DO N O T  C O M P L Y  WITH S P E C I F I C A T I O N  L I M I T S  ( S E E  R E M A R K S )

for use at: W illow Creek Dam
C O N T R A C T  N O . :  DACW68-82-C-0018
distr.ctis): W alla W alla
S A M P L E D  B Y :  P r o je c t  D A T E  S A M P L E D :  14 June 82
C A R  N O . :  BIN N O . :

F I E L D  S A M P L E  N O .: L A B  S A M P L E  N O . :

D A T E  R E C E I V E D :  18 June 82 L A B  J O B  N O .:

tested by: Cement & Pozzo lan  U nit checked by:
T E S T S  ON C O N I P O S I T E  O F  T H E  1 0 0 - T O N  S A M P L E S  L I S T E D  B E L O W

sio2 + aI2Oj
+ F*2°3 
X

. MgO
X

S°3
X

A V A I L A B L E
A L K A L I E S

P O Z Z O L A N  
S T R E N G T H  
% C O N T R O L

I N C R E A S E  IN 
S H R I N K A G E  

V i a )

A U T O C L A V E
E X P A N S I O N

R E D U C T I O N  in

expansion
7 (b)

R E Q U I R E M E N T S

MIN 7 0 . 0 MAX 5 . 0 MAX 4 . 0 M A X 1 .50 MIN 75 MAX 0 . 0 3 MAX 0 . 5 0  MIN 75

T E S T  R E S U L T S

83 .6  1 1 .8  1 0 .2 * 1 . 2 0 r 1 0 2 1 o . i i  I
T E S T S  ON S A M P L E S  R E P R E S E N T I N G  10 0  T O N S  O R  L E S S

S A M P L E
NO.

M O I S T U R E
C O N T E N T

X

L O S S  ON 
IG N I T I O N  

X

F in en e ss  
325 Mesh 
S ieve % 
R e ta in ed

% p ts  
v a r  fro: 
avg p re  

10

1] LIME “pozzolan
y  S T R E N G T H  

1
W A T E R

R E Q U I R E M E N T

% of 
C o n tro l

S P E C I F I C
G R A V I T Y

S P  G R  
V A R I A T I O N  

F R O M
A V E R A G E  O F  
P R E C E D I N G  

10,  X

' r e q u i r e m e n t s

— MAX
3 . 0

MAX
1 0 .0  (N)
6 . 0  (F )

MAX
34

MAX

5
MIN
9 0 0

MAX
105

MAX
5

T E S T  R E S U L T S

1 0.2 0.1 21 4 1310 90 2.35 0

—

s

A V E RA G E

(a) A P P L I C A B L E  ONLY TO  CLASS N
(b) O P T I O N A L  R EQ U IR EM EN T

LA BO RA TO RY
L A C O E Ä T O R ^

CFMFJvJT 1 l^n 
CTÍME USED >kC

Southw est 
hem stone

,  V ic to rv T T Ie , CA

r e m a r k s : M eets 7 day s p e c i f i c a t i o n  r ^ c g |r e j f ie n t t .^ * 2 ^ y J a y  t e s t  r e s u l t s .

R. E. REINHOLD '
C h ie f , Cement & P ozzo lan  U nit

N O T E . T H E  INFORMATION GIVEN IN THIS R E P O R T  S H A L L  NOT B E  USED IN ADV ERTISING OR  SA L E S  PROMOTION TO  INDICATE E I T H E R  
E X P L I C I T L Y  OR IM PLI CIT LY  EN D OR SEMEN T O F  THIS PR O D U C T  BY T H E  U. S. GO V ER N M EN T 

’ ' ........................................... . . ___ -
ENG F O R M  N O .  . ’ ................ ................... ....................... —■...........................
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LA B O K A TO R Y

S t r u c t u r e s  L a b o ra to ry  
Waterways Exp S t a t i o n  
ATTN: Cem & Pozz U nit 
P 0 Box 631 
V ic k sb u r g ,  MS 39180 ;

REPORT OF TESTS 
ON POZZOLAN
S S-C -1960 /5

RE PO RT NO.:

WES-248F-82

D A T E ;  1  J u l y  82
30 Aug 82C ) N K I N D  O F  P O Z Z O L A N :  F l y  A s h

source: P o z z o la n ic  N/W I n t i ,  Rock S p r in g s ,  WY
T E S T  R E S U L T S  O F  T H I S  S A M P L E  L O T  H f t  C O M P L Y  □  D O  N O T  C O M P L Y  W IT H  S P E C I F I C A T I O N  L I M I T S  ( S E E  R E M A R K S )

eor use at; Willow Creek Dam
c o n t r a c t  n o ,  DACW68-82-C-0018
d i s t r i c t s ); W alla  W alla
S A M P L E D  B Y : P r o j e c t D A T E  S A M P L E D :  ^  J u n e  g 2

bin no.: RR C ars
F I E L D  S A M P L E  N O . : L A B  S A M P L E  N O . :

date received: 24 June 82 L A B  J O B  N O . :

t e s t e d  b y . Cement & P o zzo lan  Unit C H E C K E D  B Y :

T E S T S  O N  C O M P O S I T E  O F  T H E  1 0 0 - T O N  S A M P L E S  L I S T E D  B E L O W

M g O
A V A I L A B L E

A L K A L I E S

P O Z Z O L A N  

S T R E N G T H  

7, C O N T R O L

I N C R E A S E  IN 

S H R I N K A G E  

% (a)

A U T O C L A V E

E X P A N S I O N

R E D U C T I O N  IN 

E X P A N S I O N

- (b)
R E Q U I R E M E N T S

* x l . 50
T E S T  R E S U L T S

8 4 .8 1 .7 0 .5 1.16 95 0.02
T E S T S  O N  S A M P L E S  R E P R E S E N T I N G  1 0 0  T O N S  O R  L E S S

S A M P L E
N O .

M O I S T U R E
C O N T E N T

L O S S  O N  
I G N I T I O N  

%

F in e n e s s  
325 Mesh 
S ie v e  % 
k e ta in e d

% p t s  
v a r  f r o  
avg pre  

10

; n
L I M E

P O Z Z O L A N  
¡ j  S T R E N G T H  

P S I

W A T E R
R E Q U I R E M E N T

% o f  
C o n tro l

S P E C I F I C
G R A V I T Y

S P  G R  
V A R I A T I O N  

F R O M
A V E R A G E  O F  

P R E C E D I N G  
1 0 .  7.

R E Q U I R E M E N T S

—
M A X

3 . 0

M A X
1 0 . 0  (N )
6 . 0  ( P )

MAX
34

M A X

5
MI N
9 0 0

MAX 1 
105

M A X
5

T E S T  R E S U L T S

1 0 . 0 0 .2 22 1130 94 2 .3 8
»

—a »
1

1

j
j

A V E R A G E

(O) A P P L I C A B L E  O N L Y  T O  C L A S S  N 

(b)  O P T I O N A L  R E Q U I R E M E N T

R E M A R K S :  M eets 7 day s p e c i f i c a t i o

L A B O R A T O R Y  C E M E N T  U S E D  

L A B O R A T O R ' Chemstone
jn ire m e n tk . *28  day t e s t  r e s u l t s ,

- J  /

R. E. RE INHOLD X.
C h ie f ,  Cement fit P o zzo lan  U nit

N O T E :  T H E  I N F O R M A T I O N  G I V E N  IN T H I S  R E P O R T  S H A L L  N O T  B E  U S E D  IN A D V E R T I S I N G  O R  S A L E S  P R O M O T I O N  T O  I N D I C A T E  E I T H E R  

E X P L I C I T L Y  O R  I M P L I C I T L Y  E N D O R S E M E N T  O F  T H I S  P R O D U C T  B Y  T H E  U .  S .  G O V E R N M E N T .

CNC FOAM NO.

EXHIBIT 2.2 
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L A n  O K A 1 G H Y .
S tr u c tu r e s  L ab oratory  
W aterways Exp S ta t io n  
ATTN: Cem & Pozz U n it  
P 0 Box 631 
V ic k sb u r g , MS 39180

REPORT OF TESTS 
ON P0ZZ0LANS S -C -1 9 6 0 /5

Ht.  P O R T  NO ;

-WF.R-2A9E=a2-
JL

DATE: 1 J u ly  82
ILL KIN D O F  P O Z  Z O L A N :  F l y  A s h

source: P o z z o la n ic  N/W I n t ' l ,  Rock S p r in g s , WY
T E S T  R E S U L T S  O F  T H IS  S A M P L E  L O T  C O M P L Y  DO N O T  C O M P L Y  WITH S P E C I F I C A T I O N  L I M iT S  ( S E E  R E M A R K S )

for use at: W illo w  C reek  Dam
c o n t r a c t  n o ,  DACW 65-82-C-0018
districts W alla  W alla
S A M P L E D  B Y : P r o j e c t d a t e s a m p l e d: 22 June 82

RR Cars
F I E L D  S A M P L E  N O .: L A B  S A M P L E  NO .:

p a t e  r e c e i v e d : 24 June 82 L A B  J O B  NO .:

t e s t e d  BY : Cement & P o z z o la n  U n it C H E C K E D  B Y :
T E S T S  ON C O M P O S I T E  O F  T H E  lOO-TON S A M P L E S  L I S T E S  B E L O W

MgO
X

a v a i l a b l e
a l k a l i e s

P O Z Z O L A N  
S T R E N G T H  
X  C O N T R O L

I N C R E A S E  IN 
S H R I N K A G E  

X (O)

A U T O C L A V E
E X P A N S I O N

X

R E D U C T I O N  IN 
E X P A N S I O N

% (b)

R E Q U I R E M E N T S
MAX 1 .5 0  MIN 75

T E S T  R E S U L T S
8 0 .5 2.1 0.8 0 .0 4

T E S T S  ON S A M P L E S  R E P R E S E N T I N G  100  T O N S  O R  L E S S

S A M P L E
NO.

M O IS T U R E
C O N T E N T

X

LO SS ON 
IG N ITIO N 

X

F in e n e s s  
325 Mesh 
S ie v e  % 
R e ta in e d

% p t s  
var f r o  
avg p re  
10

n LI M E 
P O Z Z O L A N  

i r  S T R E N G T H  
PS I

W A T E R
R E Q U I R E M E N T

% o f  
C o n tr o l

S P E C I F I C
G R A V I T Y

S P  G R  
V A R I A T I O N  

F R O M
A V E R A G E  O F  
P R E C E D I N G  

10 .  X

R E Q U I R E M E N T S
MAX

3 .0
MAX

10 .0  (N)6.0 (F)
MAX
34

MAX
5

MIN
9 0 0

MAX
105

MAX
s

T E S T  R E S U L T S
1 0 . 0 0 .4 28" 1050 86 2 .4 0

1

\ V

a v e r a g e

(a) A P P L I C A B L E  ONLY TO  CLASS N
(b) O P T IO N A L  REQUIREMENT
REMARKS: M eets 7 day s p e c i f i c a t i

LABORAT OR Y CE MENT USED _______ _ _ _
LABORA TORY LIME USED - C h e i U S t O n e

Ideal, he.ms.tc S u p e r io r , NE
¡si day t e s t  r e s u l t s .

R. E . RfflNHOLD ^ ~ [
_________ _____________________ C h ie f , Cement & P o z z o la n  U n it

NO TE, TH E INFORMATION GIVEN IN THIS R E P O R T  SHALL NOT B E USEO IN ADVERTISING O R SALE S  PROMOT ION TO INDICATE EIT H E R  
E X P L IC IT L Y  OR IMPLICITLY ENDORSEMENT O F  THIS PRO DUC T BY T H E  U. S. GO VERNMENT.

t w o  r o w *  wo.
6000- R
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L Af. 'OK A T O R Y .

Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit 
P 0 Box 631 
Vicksburg, MS 39180

REPORT OF TESTS 
ON P0ZZ0LANSS-C-1960/5

H P f ’O R T  NO.:

WES-251F-82___
S H E E T  2  O F

date: 7 July 82

-C14 K I N O  O F  P O Z Z Z - A N Fly Ash
Pozzolanic International, Rock Springs, WY B R A N D :

F S U L T S  O F  T H I S  S A M P L E  L O T  g j  C O M P L Y  Q  D O  N O T  C O M P L Y  W I T H  S P E C I F I C A T I O N  L I M I T S  ( S E E  R E M A R K S )

rcR use at: Willow Creek Dam
C O N T R A C T  N O . : DACW68-82-C-0018
D 1 S T  R I C  T (S) :  Walla Walla
I A M P L E O  B Y : PSP D A T E  S A M P L E D : 25 June 82

10 RR Cars
F I E L D  S A M P L E  N O . : L A B  S A M P L E  N O . :

A T E  R E C E I V E D :  28 JUIie 82 _L
L A  (3 J O B  N O . :

T E S T E D  B Y :  Cement & Pozzolan Unit C H E C K E D  B Y :

T E S T S  O N  C O M P O S I T E  O F  T H E  tO O - T O N  S A V = _ £ S  L I S T E D  B E L O W

M gO
1 A V A I L A B L E  

A L K A L I E S
P O Z Z O L A N  
S T R E N G T H  

T» C O N T R O L

I N C R E A S E  IN 
S H R I N K A G E  

■X ( 0 )

A U T O C L A V E
E X P A N S I O N

R E D U C T I O N  IN 
E X P A N S I O N% (b)

R E Q U I R E M E N T S

m a x 5  # 0 <1.50 M A X  0 . 8

T E S T  R E S U L T S

85.6 2.1 j 0.2 i * * ! 0.03
I E S T E  ON  S A M P L E S  R E P R E S E N T I N G  100 T O N S  O R  L t S S

s a m p l e
N O .

M O I S T U R E
C O N T E N T

%

L O S S  O N  
I G N I T I O N

^  ! 
1
J

Fineness 
325 Mesh 
Sieve % 
Retained

% pts 
var fro 
avg prej 

10 1

L I M E
“ p o z z o l a n
rr S T R E N G T H  

P S I

W A T E R
R E Q U I R E M E N T

% of 
Control

S P E C I F I C
g r a v i t y

V

S P  G R  
v a r i a t i o n

F  P O M
A V E R A G E  O F  
P R E C E D I N G  

10,  ? .

R E Q U I R E M E N T S

—
M A X  

< 3 . 0
!

M A X
1 0 . 0  (N)
6 . 0  { F l

MAX
34

M A X

5
MIN
9 0 0

MAX
105

M A X
5

T E S T  R E S U L T S

1 0.1 ! 0.3 i 28 3 1140 2.31 2
2 0.1 1 073 1 29 4 1130 2.29 3
3 0.0 i 0.3 j 28 2 1120 2.30 2

i BIN COMP0SITE 95
' 1
i

!
i1

a v e r a g e
------- 1------------- 27TÖ ------1

f«l A P T l i c a o l L  o n l y  t o  c l a s s  n

lb) O P T IO N A L  R E Q U IR E M E N T

••cm««««: Meets 7 days specification
Sample //I Sample #2 Sample #3
'P13317 UP13154
'PI 3308 UP13386
T 13320 UP13148

L A B O R A T O R Y  C E M E N T  U S E D  .
L A B O R A T O R Y  L I M E

Lehigh, Metaline Falls, W£
M E J J S 6 Q . ChpTn.c; tn n  e

^28 day test results.

UP13095 /
UP13270UP13176 _ . . . c „ . „UP13342 Chief, Cement & Pozzolan Unit

* ' V ' 1 TmC I N F O R M A T I O N  G I V E N  IN T H I S  R E F C  = ~ S H A L L  N O T  B E  U S E D  IN A D V E R T I S I N G  O R  S A L E S  P R O M O T I O N  T O  I N D I C A T E  E I T H E R  
f  ■»‘V K I T L V  O R  I M P L I C I T L Y  E N D O R S E M E N T  O F  T H I S  P R O D U C T  T H E  U. S. G O V E R N M E N T .
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L  A l i  O R A T O R Y :Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit 
P 0 Box 631 
Vicksburg, MS 39180

REPORT OF TESTS 
ON POZZOLANSS-C-1960/5

R E P O R T  N O .;

WES-261F-82
S H E E T

DAT e: 21 July 82

XJLÌ k i n d  o f  p o z i c PI y Ash
: Pozzolanic Northwest, Rock Springs, WY B R A N D :

cj V JLClllXv 11 w i. wu w w  ̂ ^ ̂  i w i -----T. - ---- ■ ■ » - ——

T ^ 7 7 e S » L T S  o r  T H .S  S A M P L E  L O T  g  C O M P L Y  □  D O  N O T  C O M P L Y  W .T H  S P E C .F .C A T .O N  1 - .M .T S  ( S E E  R E M A R K S )

: Willow Creek Dam
C O N T R A C T  N O .:  DACW68-82-C-0018
D IS T R IC T ( S ) :  Walla Walla
S A M P L E D  B Y :  P r o j e c t

D A T E  S A M P L E D : 29 June 82
C A R  N O .: bin no.: RR Cars
F I E L D  S A M P L E  N O .:

D A T E  R E C E IV E D :  2 July 82
L A B  S A M P L E  N O .:

L A B  J O B  N O .:

E S T E O  B Y :  Cement & Pozzolan Unit C H E C K E D  B Y :

T E S T S  O N  C O M P O S IT E  O F  T H E  1 0 0 -T O N  S A M P L E S  L IS T E D  B E L O W

sio2 + a I2o3
♦ Fe,0_ M gO

A V A I L A B L E

A L K A L I E S

P O Z Z O L A N  

S T R E N G T H  

%  C O N T R O L

IN C R E A S E  IN  

S H R IN K A G E  

n  (a )

A U T O C L A V E

E X P A N S IO N

R E D U C T IO N  IN  

E X P A N S IO N

(b)

R E Q U IR E M E N T S

<5-0 <1.50 M A X  0 . 8

T E S T  R E S U L T S

82.4 1.9 0.5 1*1.35 *90 0.09
T E S T S  C N  S A M P L E S  R E P R E S E N T IN G  1 00  T O N S  O R  L E S S

s a m p l e

N O .

M O IS T U R E
C O N T E N T

L O S S  O N  
IG N IT IO N

Fineness 
325 Mesh 
Sieve % 
Retained

% pts 
var fro 
avg pre 

10

L IM E
11 P O Z Z O L A N  
j S T R E N G T H  

P S I

W A T E R
R E Q U IR E M E N T

% of 
Control

S P E C IF IC
G R A V IT Y ^

S P  G R  
V A R IA T IO N  

F R O M

A V E R A G E  O F  
P R E C E D IN G  

1 0 , %

R E Q U IR E M E N T S

—
M A X

3 .0

M A X
1 0 .0  (N )
6 .0  ( F )

MAX
34

M A X

5
M IN
9 0 0

MAX
105

M A X
5

T E S T  P E S U L T S

1 0 . 0 0.3 25 1190 92 2.38
~

A V E R A G E

(a) A P P L IC A B L E  O N L Y  T O  C LA S S  N 

lb ) O P T IO N A L  R E Q U IR E M E N T

L A B O R A T O R Y  C E M E N T  U SED  ------- » ¿ V U L U W S L h

L A B O R A T O R Y  L IM E  U SED  . . Chemstone.
CA

Meets 7 day specification requiarement. *28 day test results,

R. E. REINH0LD
Chief, Cement & Pozzolan Unit

M O T E : T H E  IN F O R M A T IO N  G IV E N  IN  T H IS  P E P S *1' '  S H A L L  N O T  B E  U S E D  IN A D V E R T IS IN G  O R  S A L E S  P R O M O T IO N  TO  IN D IC A T E  E IT H E R  J E X P L IC IT L Y  OR  IM P L IC IT L Y  E N D O R S E M E N T  O F T H IS  P R O D U C T  B Y  T H E  U. S G O V E R N M E N T .

E M O F O R M N O .  R
1 AU G  67
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V A U O R A  T O R Y :Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit 
P 0 Box 631 
Vicksburg, MS 39180
C L A S S 0 )

REPORT OF TESTS 
ON P0ZZ0LANSS-C-1960/5

R L R O R T  N O . .

WES-278F-82
S H F L 1

D A T E :  21 July 82

K I N O  O F  F O Z  r C ' - . A N : Fly Ash
SOURCE: Pozzolanic Northwest, Rock Springs, W Y _____
TEST RESULTS O F TH.S S A M P L E  L OT C O M P L Y  □  DO NO T  C O M P L Y  WITh T p ECIFICAT.ON LIMITS (SEE REMARKS)

for use at: Cucamonga Creek, Deer-Hillside _____________________ ____
T R A C T  N O . :  DACW09-82-C-0017

D I S T R I C T ( S ) :  Los Angeles
S A M P L E D  B Y :  P r o j e c t

C A R  N O . :

D A T E  S A M P L E D :  2 JulV 82

F I E L D  S A M P L E  N O . :

tested b y . Cement & Pozzolan Unit C H E C K E D  B Y :

T E S T S  O N  C O M P O S I T E  O F  T H E 1 0 0 - T O N  SA?.' = l E S  L I S T E D  B E L O W

s,o2 * a I 2 o 3 

+ F e 2 ° 3
M g O S° 3

a v a i l a b l e

A L K A L I E S

P O Z Z O L A N  

S T R E N G T H  

r e C O N T R O L

I N C R E A S E  IN  

S H R I N K A G E  % (a)

A U T O C L A V E

E X P A N S I O N

R E D U C T I O N  IN  

E X P A N S I O N% (b)
R E Q U I R E M E N T S

M I N  7 0 . 0 M A X  5 . 0 m a x 5  . 0 M A X  1 • 50 1 M I N  75 1 M A X  0 . 0 3 M A X  0 . 8 M I N  7 5

T E S T  R E S U L T S

80.2 2.5 0.5 * 1.23 1* 84 1 0.07 1

D A T E  R E C E I V E D :  12 July 82
L A B  S A M P L E  N O . :

L A B  J O B  N O . :

T E S T S  O N  S A M P L E S  R E P R E S E N T I N G  10 u  T O N S  O R  L E S S

S A M P L E
NO .

M O I S T U R E
C O N T E N T

L O S S  O N  
I G N I T I O N

Fineness 
325 Mesh 
Sieve %
! Retained

% pts
var froln L,ME 
avg prey pc|

I 10

P O Z Z O L A N
S T R E N G T H

W A T E R
R E Q U I R E M E N T

% of 
Control

S P E C I F I C
G R A V I T Y

S P  G R  
V A R I A T I O N  

F R O M
A V E R A G E  O F  
P R E C E D I N G  

10, %

R E Q U I R E M E N T S

M A X
3 . 0

M A X
1 0 . 0  (N )
6 . 0  ( F )

MAX
34

M A X

5
M I N
9 0 0

MAX
105

M A X
5

0.0 0.3 28
T E S T  R E S U L T S

3 T O T ~TT 2.35

Metaline Falls, tJA
(o) A P P L I C A B L E  O N L Y  T O  C L A S S  N 

<b) O P T I O N A L  R E Q U I R E M E N T

L A B O R A T O R Y  C E M E N T  U SE D  __ L e h i g h ^ -----

L A B O R A T O R Y  L I M E  USE D C h e H l S  t  O H B

Meets 7~day specification requirements! *28 day test results

R. E. »EINH0LD 
Chief, Cement & Pozzolan Unit

N O T E : T H E  I N F O R M A T I O N  G I V E N  IN T H I S  R E P C - "  S H A L L  N O T  S C  U S E D  IN A D V E R T I S I N G  OR  S A L E S  P R O M O T I O N  T O  I N D I C A T E  E I T H E R  

E X P L I C I T L Y  OR  I M P L I C I T L Y  E N D O R S E ’ ' - ! * .  T O F  T H IS  P R O D U C T  B v  T h F U.  S. G O V E R N M E N T .

W F O h M M T  6000-R
» M JC, » 7
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L A U O R  A rO R Y :Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit 
P 0 Box 631 
Vicksburg, MS 39180

REPORT OF TESTS 
ON POZZOLANSS-C-1960/5

RE r o n  T NO.:

WES-281F-92
S H E E T

OAT 26 July 82

(F ) KIND O F  P O Z Z O L A N :  FlyAsh
e: Pozzoianic Northwest, Rock Springs, WY ORANO:

EST R E S U L T S  Ó F  T H I S  S A M P L E  L O T  £ ]  □  ° °  NOT C O M P L Y  WITH S P E C IF  1C AT ION L I MITS  (SEE REMARKS)

F O R  USE AT:

C O N T R A C T  NO.:

OIST RICT(S): Walla Walla & Bu of Rec
S A M P L L O  B Y : PSP D A T E  S A M P LE D :

bin NO.: 3 & RR Car = 1150
9 July 82

F I E L D  S A M P L E  NO.:

D A T E  R E C E I V E D : 14 July 82
L A B  S A M P L E  NO.:

L A B  JOB NO.:

resTEDBY: Cement & Pozzolan Unit C H E C K E D  BY:

r E S T S  ON CO M P O S IT E  O F  T H E  lOO-TON S A M P L E S  LI S T E D  BELO W

MgO 3
%

A V A I L A B L E

A L K A L I E S

P O Z Z O L A N  

S T R E N G T H  

% C O N T R O L

I N C R E A S E  IN 

SH R IN KAGE  

% (0)

A U T O C L A V E

EXPANSIO N

RE O U C T IO N  IN 

EXPANSIO N% (b)
R E Q U I R E M E N T S

m a x 5 #0 AX 1.50 MAX 0 . 8

T E S T  R E S U L T S

87.0 2.1 SL±- 0.09
T E S T S  ON S A M P L E S  R E P R E S E N T I N G  100 TO N S  OR LESS

S A M P L E
NO.

MO ISTUR E
C O N T E N T

LOSS ON 
IGNITION

% p t SFineness 
325 Mesh 
Sieve % avg preb 
Retained | 10 |

var fro|iipOZZOLAN
S T R E N G T H  

PSI

W ATER
R E Q U I R E M E N T

% of 
Control

SPEC IFIC
G R A V IT Y

SP GR  
VARIATION  

FROM
A V E R A G E  O F  
P R E C E D I N G  

10, %

R E Q U I R E M E N T S

MAX
3.0

MAX
10.0 (N)
6.0 (F)

MAX
34

MAX

5
MIN
900

MAX
105

MAX
S

T E S T  R E S U L T S

R Factor = Noie
CaO

0.0

= 4, 0

0.2 24 1360 93 2.27

(o) A PPLICA B LE  ONLY TO CLASS N 

ibi OPTIONAL REQUIREMENT

LABORATORY CEMENT USED _____

LABORATORY LIME USED __ ___ Chemstone
Southwestern, Victorville,

REMARKS: Meets 7 day specific *28 day test results,

''LU S I  iS^ Lt 
R. ETRÉINIIOLD 
Chief, Cement & Pozzolan Unit

NOTE; T h e  INTOKMA'l ION GIVE 14 IN THIS H E F C r*'r SHALL NOT F3E USED IN ADVERTISING OR SALES PROMOTION TO INDICATE O T H E R  

| EXPLICITLY OR IMPt IOITLY ENDORSEMENT OF THIS PRODUCT BY THE U. S. GOVERNMENT.

CNr' r ° " M HO 6000 R 
I *UG 6T
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L A P O H A T O R Y

Structures Laboratory 
Waterways Exp Station 
P.0. Box 631 
Vicksburg, MS 39180 
Cement & Pozzolan Unit

REPORT OF TESTS 
ON POZZOLANSS-C-1960/5

WES-290-F-82

1 1
TE; 5 August 1982

(F) K I N D  O F  F O Z  Z :  -  -  N : Fly Ash
■ouhcf;Pq z z . Int'l. Rock Springs, WY
T E S T  R E S U L T S  O F  T H I S  S A M P L E  L O T

; v d L Y Q  D O  N O T  C O M P L Y  W I T H  S P E C I F I C A T I O N  L I M I T S  ( S E C  R E M A R K S )

F O R  U S E  A T : Willow Creek DAm
contract no.: DACW68-82-C-0018
districts): Walla-Walla
S A M P L E D  B Y :  PSP D A T E  S A M P L E D :l! 20 July 1982
C A R  N O . : sisno.'-iq  r r  c a r s —1000 to n s
F I E L D  S A M P L E  N O . :

O A T E  R E C E I V E D :  23 July 1982
L A B  S A M P L E  N O . :

L A B  J O B  N O . :

EstEc av: Cement & Pozzolan Unit C H E C K E D  B Y :

T E S T S  O N  C O M P O S I T E  O F  T H E  1 0 0 - T Q N  S A V P l. E S  L I S T E D  B E L O W

M g O
A V A I L A B L E

A L K A L I E S

P O Z Z O L A N  

S T R E N G T H  

% C O N T R O L

i n c r e a s e  I N

S H R I N K  A G E  

% (c)

A U T O C L A V E

E X P A N S I O N

R E D U C T I O N  IN 

E X P A N S I O N  

T (b)

R E Q U I R E M E N T S

WAX5* 0 <1.50 M A X  0 . 0 3 MAX 0 . 8

T E S T  R E S U L T S

84.3 2 . 1 0,4 -0.05
T E S T S  ON  S A M P L E S  R E P R E S E N T I N G  10 0 T O N S  O R  L E S S

S A M P L E
N O .

M O I S T U R E
C O N T E N T

L O S S  O N  
I G N I T I O N

Fineness 
325 Mesh 
Sieve % 
Retained

% pts 
var fro 
avg pre 
10

^ P O Z Z O L A N  
S T R E N G T H  

V  PSI

W A ’ E R
R E Q U I R E M E N T

% of 
Control

SP  G R  
V A R I A T I O N  

F R O M
A V E R A G E  O F  

P R E C E D I N G  
10 , %

R E Q U I R E M E N T S

M A X
3 . 0

M A X
1 0 . 0  (N )
6 . 0  ( F )

MAX
34

M IN
9 0 0

MAX
105

vl AX  
5

T E S T  R E S U L T S

0 . 1 0.19
0 . 1 0.08

28
31

R-fn n n i m n .q i t p

1150.
1180

-91-

2.34.
2.34

2.34
(O) A P P L I C A B L E  O N L Y  T O  C L A S S  N 

l b )  O P T I O N A L  R E Q U I R E M E N T

L A B O R A T O R Y  C E M E N T  USED _

L A B O R A T O R Y  L I M E  USED  . - C h a m . s t n n p

_WA_

remarks: Meets 7 day specifica^,
. UPI 3145 2. UP13189

13027
132521323144449-

13172 
13129 
13109 

___13-Q1L

uirements. *28 day test results.

R. E. RTMNH0LD /
Chief, Cement & Pozzolan Unit

n o t e : t h e  I n f o r m a t i o n  g i v c n  i n  t h i s  = -  s h a l l  n o t  e E  u s f d  i n  a o v f r t i s i n g  o r  s a l e s  p r o m o t i o n  t o  i n o i c a t e  e i t h e r

I E X P L I C I T L Y  O R  I M P L I C I T L Y  E N O O P r P / i , . ' r C F  T H I S  P P O O u C T  B Y  THE.  U. S.  G O V E R N M E N T .

ENG fO HM NO. „
600O -R

I AUG 67
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L A B O R  A 1 O R Y :Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit
P .0• Box 631 
Vicksburg, MS 39180

REPORT OF TESTS 
ON POZZOLANSS-C-1%0/5

T N G . :WES-307-F-82

1 1
D A T E :  12 A l l g U S t14 September 1982

(O K I N O O F  P O Z Z C - A N :  Fly Ash
^  1 j  ’ ’  ______________________

Pozzolanic Int'l, Rock Springs,_WY-------- --------
....................................................... .....................................„  | ~ ]  nr» N i n r  C O M P L Y  W I T H  SP  E C I  F I C  A T I O N L I M I T S  ( S E E  R E M A R K S )
T E S T  R E S U L T S  O F  T H I S  S A M P L E  L O T  uS j  -  -  ' L  >— I_____________ ___________ ____ - —--------------------------— ---------------

Willow Creek Dam _______ _________ —
F O R  U S E  A T :

C O N T R A C T  N O . :
DACW 68-8 2-C-U0T8-

hstrict(s): Walla Walla
s a m p l e d  B Y :  PSP
C A R  N O . :

1 Bin No:RR cars - 1500 tons
I P A T E  SAMPLED: 30 ‘ July 1982"

L A B  S A M P L E  N O . :

T E  R E C E I V E D :  4 A U g U S t  1982 L A B  J O B  N O . :

Cement & Pozzolan Unit C H E C K E D  B Y :

T E S T S  O N  C O M P O S I T E  O F  T H E  1 0 0 - T Q N  S A M
P L E S  L I S T E D  B E L O W

■MgO
A V A I L A B L E

A L K A L I E S

P O Z Z O L A N  

S T R E N G T H  

% C O N T R O L

I N C R E A S E  IN  

S H R I N K A G E  

" (a)

A U T O C L A V E

E X P A N S I O N

R E D U C T I O N  IN 

E X P A N S I O N% (b)
R E Q U I R E M E N T S

M A X  5 . 0 MAX 5 . Q M A X  1 • 50 M I N  75 M A X  0 . 0 3 M A X  0 . 8 M I N  7S

T E S T  R E S U L T S

84.3 2.0 0.5 i* 1.76 I* 8l 0.06
T E S T S  C N  S A M P L E S  R E P R E S E N T I N G  100  T O N S  O R  L E S S

S A M P L E
NO.

M O I S T U R E
C O N T E N T

L O S S  O N  
I G N I T I O N

Fineness 
325 Mesh 
Sieve % 
Retained

% pts 
var from 
avg preV 
10

L I M E  
1 P O Z Z O L A N  
- S T R E N G T H  

PSI

W A T E R
R E Q U I R E M E N T

% of 
Control

S P E C I F I C
G R A V I T Y

S P  G R  
V A R I A T I O N  

F R O M
A V E R A G E  O F  
P R E C E D I N G  

1 0,  %

R E Q U I R E M E N T S

M A X
3 .0

M A X
1 0 . 0  (N )
6 . 0  ( F )

MAX
34

M A X

5
M IN
9 0 0

MAX
105

M A X
5

T E S T  R E S U L T S

0 . 0

2
3

0 . 1

0.0
0.4
0.3
0.3

31
32

A V E R A G E

33

32

BIN COMPOSITE

1180
1010
1120

2,30

94

2.31
2.31

2.31
(a) A P P L I C A B L E  O N L Y  T O  C L A S S  N

(b) O P T I O N A L  R E Q U I R E M E N T

L A B O R A T O R Y  C E M E N T  USE'  -------------- -
L A B O R A T O R Y  L I M E  ' >fa£ m S .t O ---------

RE MAR KS : Meets 7 day specificati 
.UPI3157 2. UP1^194 3. 1 ^ 4  

13308 1317813233

Í3342
13313
13243

T.ehieh. Metaline Fails, WÄ

1*28 day test results.

131__ 13088
I

....  REINÎI0LD
Chief, Cement & Pozzolan Unit

iC n T ^ V K n ITT*  S H A L L  N O T  B E  U S E D  IN A D V E R T I S I N G  O R  SAL ES P R O M O T IO N  T O  I N D I C A T E  E I T H E R

E X P L I C I T L Y  C R  I M P L I C I T L Y  f c N O O R S ^ - l ' . T  O F  T H IS  P R O D U C T  B Y  T H E  U. S. G O V E R N M E N T . ____________________ _ _ __________________

C NO F OH*/ KO 
t  AL‘0  (.1

eooo-R EXHIBIT 2.2 
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4

F!

i .  m ’ c ,< -V i c h *. :

S t r u c t u r e s  L a b o r a to r y  
Waterways Exp S t a t i o n  
IATTN : Cer.i & P ezz  Unit
P.O. BOx 631 
ViçksLur.iu_ilS— 3-9-1M-

REPORT OE TESTS 
ON POZZOLAM
SS-C-1960/5

»

C L A S S  (  F ) K I N O O F  P O Z I C . - n .: F l y  A s l l

r  m i .

... WE S -3 16-F-.82_._.

S H E E T  O F  I

u-'tc: 23 August 1982  
16

s c i : R C  K: Pozzolanic Northwest, Rock Springs, WY
T E S T  R O S O L I

L O T  0 8  : : v H . Y  □  D O  N O T  C O M P L Y  W I T H  S P e e . F I C A T . C N  L I M I T S  I S E E R e M A m c a .

r« use at: Willow Creek Dan
C O M P A C T ñ . : DÁCW68-82-C-0018
D I S T R I C T  (S I : Walla Walla
SAi . ’ P I  L O  S V : PSP ■v-lld: il August 1982

r i r . L O  S A V P L E  N O . :

T F .  F C C E . V i f o :  16 A U g U S t  T 9B1 "

L A S  S A M P L E  N O . :

L A S  J O B  N O . :

tested fv: Cement & Pozzolan C H E C K E D  B Y :

e s t s  O S  C O M P O S I T E  O F  T H E  V O O - T O *  S A V = - S S  L I S T E D  B E L O W

M gO S ° 3
%

j A V A I L A B L E  

! A L K A L I E S

P O Z  Z O L A N  

S T R E N G T H  

% C O N T R O L

i n c r e a s e  IN  

s h r i n k a g e  

(a )

A U T O C L A V E

E X P A N S I O N

R E D U C T I O N  IN

e x p a n s i o n

% (b)

r e q u i r e m e n t s

MIN 7 0 . 0 M A X  5 . 0 M A X  5 . 0  j M A X I .  50 MIN 7 5 m a x  0 . 0 3 M A X  0 • 8 I M,N 7S
T E S T  R E S U L T S

8 6 . 4 2.0 I 0.5 i* JU27- * 78 0.06
T E S T S  C N  S A M P L E S  R E P R E S E N T I N G  1 0 0  T O N S  O R  L _ c 3 S

S A M P L E
I M O I S T U R E  
j C O N  L E N T

L O S S  O N  
I G  N I T I O N

Fineness j % pts 
325 Mesh var fro h POzzo!.a-; 
Sieve % javg preV 
Re ta ine <J 10

S T R E N G T H
P S I

W A T E R
R E Q U I R E M E N T

% of 
Control

I S P  G R  
V A R I A T I O N

S P E C I F I C  ¡ F R O M
G R A V I T Y  ! A V E R A G E  O F  

J  ! P R E C E D I N G
1 0 . %

R E Q U I R E M E N T S

M A X
3 . 0

M A X  
1 0 . 0  ( N )
<5 .0  ( F )

MAX
34

M A X

5
MIN
9 0 0

MAX
105

M A X
5

T E S T  R E S U V - T S

0 . 1 0.2 33 1080 93 2 . 3 1 0

(a)  A P P L I C A B L E  O N L Y  T O  C L A S S  N

•(b) o p t i o n a l  r c c u i r e m e n t

T O R Y  C E M E N T  U S E D ,  .L g h i g l t * -  
T f i H y, ,1/f  U S E D  Ch.erostbne.

L A B O R A  

L A B O R A T O R Y  L IM E  US E D .

Metaline Falls. WA

Meets 7 day specifica

L O T E :  T H ;  T i f i  'M / l ' l  IN T H1S R E  -

r. , -r>Ltc«  T L.Y C R  iw* . . i t i t i  V  i t j í

f:28/Td/áy test results.

R. E.  REIlìllOL.I)
C h ie f ,  Cement & Pozzc\lan Unit

~ -_^ai L  not ne u s e d  in a d v e r t is in g  o r  sa l  e l  p r o m o t io n  t o  in d ic a i  e  e i t h e r
•. r C E  THE. PRODUCT BY THE. U. S COVI PN'/'lNT.

« ..C, rr,r<.v ».r. C 0 0 0  R
1 ALO t l EXHIBIT 2.2 
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-------------------------— ......... — --------- ----------------------------------- — — 1
L A P O R M O R V :  -

S t r u c t u r e s  L a b o r a t o r y  
W a t e r w a y s  Exp S t ation  
ATTN: Ce m  & Pozz Unit 
P 0 Box 631 
Vicksburg, MS 39180

R E P O R T  O F T E S T S  
ON P O Z Z O L A N
S S - C - 1960/5

R E P O R T  N O . :

W E S - 3 4 3 - F - 8 2

S H E E T  ^  O F  ^

d a t e : 14 Sept 82

C L A S S  (  F  )  N K I N O  O F  P O Z 2 c  — a n  : F l y  A s h
S O U R C E :  POZZOl<anic Int.. R o c k  Springs, W Y B R A N D :

T E S T  R E S E T S  OF T H , S  S A M P L E  L O T  ®  C O V P U Y  Q  D O  N O T  C O M P L Y  , , T H  S P E C . F . C A T . O N  « - « I T S  ( S E E  R E M A R K S )

C O N T R A C T  N O . :  _____________________________________________ _______ ___ ___ ___ — --------------------- 1--------------

o t s T R i c T ( s ) :  W a l l a  W a l l a  & Bur of Rec______________ ___________________________ — — ---------------------------------------— -----------------
----------------------- | D A T E  S A M P L E D :  23 A u g  82

.__I e i s  n o . :  2 & R R  =  650To ns
F I E L D  S A M P L E  N O . :

L A B  S A M P L E  N O . :

D A T E  R E C E I V E D :  3Ü A U g  82 L A B  J O B  N O . :

t - s t e d  p y  C e m  & Pozz Unit c h e c k e d  b y . __________________________ _____________________________________

T E S T S  O N  C O M P O S I T E  O F  T H E  l O O - T O N  S A M P L E S  L I S T E D  B E L O W

S i 0 2 + A l j 0 3 

+ F ' 2 ° 3
M g O

A V A I L A B L E  

S° 3  A L K A L I E S
% ; 

i

P O Z Z O L A N  

S T R E N G T H  

% C O N T R O L

I N C R E A S E  IN  

S H R I N K A G E

<o)

A U T O C L A V E

E X P A N S I O N

R E D U C T I O N  IN

e x p a n s i o n  

% (b)

r e q u i r e m e n t s

M IN  7 0 . 0 M A X  S.O M A X S  0  ! M A X 1 . 5 0 |  M I N  75  j M A X  0 . 0 3  | M A X  0.8 | . ...

T E S T  R E S U L T S

84.3 1 1.9 1 0.4 i *  1 *  ! . -
0.05

T E S T S  C N  S A M P L E S  R E P R E S E N T I N G  ICO T O N S  O R  L E S S

¿ A M P L E
NO.

M O I S T U R E
C O N T E N T

L O S S  O N  
I G N I T I O N

Finen e s s  
325 M e s h  
Sieve %  ; 

R e t a i n e d  1

%  pts 
va r  fro' 
a vg pre} 

10

L I M E
11 P O Z Z O L A N  
j S T R E N G T H  

PSI

W A T E R
R E Q U I R E M E N T

%  of 
Control

S P E C I F I C
G R A V I T Y

S P  G R  
V A R I A T I O N  

F R O M
A V E R A G E  O F  
P R E C E D I N G  

10 .  %

R E Q U I R E M E N T S

—
M A X

3 .0

M A X  I M A X
1 0 . 0  ( N )  1 .
6 . 0  ( F )  3 4

M A X

5
M I N
9 0 0

M A X
105

M A X
5

T E S T  R E S U L T S

1 1  0 . 1 0.4 1 2  1 - 1310 92 2.32 —

-----------------------Ì1 ----------

R  Fa ctor î None
Ca02 4.2

1-------------------------------

A V E R A G E
--- ------ ,-------- —------  ,

■ / i n o n A T c i n w  /-CTiACkiT I i c r n Lehigh, M e t a l m e  Falls, W
(o) A P P L I C A B L E  O N L Y  T O  C L A S S  N  ^  —  
(b) O P T I O N A L  R E Q U I R E M E N T  L A B O R A T O R Y  L I M E  USED  -------— C h e m s t o n e ----------------------------------------------------------- ---

r e m a r k s : M e e t s  7 d a y  s p e c i f i c a t i p » — i m  

JP: 13176, 13328, 13270, 1 3 1 4 ^ f  130<

K. I 
Chie

C

■f
F-D 

T  1

mi^etnént^s. *28 day test results.m Z J / / /
R E I N H 0 L D  (

, C ement & P o z z o l a n  Unit
N O T E : T H E  I N F O R M A T I O N  G I V E N  IN  T H IS  R E P C - T  S H A L L  N O T  B E  Ui.1 

E X P L I C I T L Y  C R  I M P L I C I T L Y  E N O O R S E V E ’ . t  O F  T H IS  P R O D U C

IN A D V E R T I S I N G  O R  S A L E S  P R O M O T IO N  T O  I N D I C A T E  E I T H E R  

BY  T H E  IJ. S. G O V E R N M E N T .

» G r ò " « * * -  6Û00. R
1 AUC 67 EXHIBIT 2.2 Sheet 15 of 19



+ L A B O R A T O R Y .

Structures Laboratory 
Waterways Exp Station 
ATTN: Cem & Pozz Unit
P 0 Box 631 
Vicksburg, MS 39180

REPORT OF TESTS 
ON P0ZZ0LAN
SS-C-1960/5

R E P O R T  NO .:

WES-376F-82
S H E E T  J O F  J

D A T E :  4 Oct 82
27 Oct 82

(f ) K I N O O F  P O Z Z O L A N :  F l y  A s t i

source: Pozzolonic Int, Rock Springs, WYO
T E S T  R E S U L T S  O F  T H I S  S A M P L E  L O T  E Q C  C O M P L Y  Q  D O  N O T  C O M P L Y  WITH S P E C I F I C A T I O N  L IM I T S  ( S E E  R E M A R K S )

F O R  U S E  A T :  Willow Creek Project
C O N T R A C T  N O .:  DACW6 8“ 8 2*" C—0018
district(s): Walla Walla
S A M P L E D  B Y : PSP D A T E  S A M P L E D :  ¿ T 2  S e p t  8 2

bin no.: RR Cars-200 tons
F I E L D  S A M P L E  NO.: L A B  S A M P L E  N O .:

P A T E  R E C E I V E D :  27 Sept 82 L A B  J O B  N O .:

T E S T E D  B Y : Cem & Pozz Unit C H E C K E D  B Y :

T E S T S  O N  C O M P O S I T E  O F  T H E  10 0-TO N S A M P L E S  L I S T E D  B E L O W

MgO A V A I L A B L E
A L K A L I E S

°r.

P O Z Z O L A N  
S T R E N G T H  

% C O N T R O L

I N C R E A S E  IN 
S H R I N K A G E  

% (a )

A U T O C L A V E
E X P A N S I O N

R E D U C T I O N  IN 
E X P A N S I O N

V f b )

R E Q U I R E M E N T S

M A X 5 . 0 <1.50 M A X  0.03 M A X  0 . 8  M,N 75

T E S T  R E S U L T S

83.1 1.7 0.6 1.68 80 0.07
T E S T S  ON  S A M P L E S  R E P R E S E N T I N G  100 T O N S  O R  L E S S

S A M P L E
NO.

M O I S T U R E
C O N T E N T

%

L O S S  ON  
I GNIT IO N

Fineness 
325 Mesh 
Sieve % 
Retained

% pts 
var frojn 
avg prev 
10

L I M E  
‘ P O Z Z O L A N  

S T R E N G T H  
PSI

W A T E R
R E Q U I R E M E N T

% of 
Control

S P E C I F I C
G R A V I T Y

S P  G R  
V A R I A T I O N  

F R O M
A V E R A G E  O F  
P R E C E D I N G  

10, %

R E Q U I R E M E N T S

M A X
3.0

M A X
10.0 (N)
6.0 (F)

MAX
34

M A X

5
MIN
900

MAX
105

M A X
5

T E S T  R E S U L T S

0.1 0.5 32 1.190 93 2.32

(a) A P P L I C A B L E  O N L Y  T O  C L A S S  N
(b) O P T I O N A L  R E Q U I R E M E N T

remarks: Meets 7 day specific
UP13236, UP13160

Metal 1np £alla
[uiremànt:s. *28 day test results

L A B O R A T O R Y  C E M E N T  US ED  
L A B O R A T O R Y  LIME USED

R. E. REINH0LD 
Chief, Cement Sc Pozzolan Unit

N O T E :  T H E  INFORMA TIO N G I V E N  IN THIS R E P O R T  S H A L L  N O T  B E  U S E D  IN A DV ERTISIN G OR  S A L E S  PRO MO TION  T O  IN O I CATE  E I T H E R  
tJ E X P L I C I T L Y  O R I M P L I C I T L Y  E N D O R S E M E N T  O F  THIS P R O D U C T  B Y  T H E  U. S. G O V E R N M E N T .  '

ENG - FORM NO. 
11 AUO *7 EXHIBIT 2.2 
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COAL BY-PRODUCTS UTILIZATION INSTITUTE 
KUCTNKKRINO l'.XPKRIMKNT STATION-UNIVERSITY OP NORTH DAKOTA 

CRAN’D PORKS, NORTH DAKOTA

ASTM C 618 Specification for fly ash and raw or calcined natural pozzolim1 for use as a" 
mineral admixture in Portland Cement concrete
Sample §2-71 Pozzolanic. Boardman , Fly Ash, Docket 901-1003

----- —-1_

__________ BM-239-82 Rec'd 2/24/82

CHEMICAL ANALYSIS

Mineral < 
Class C

Admixture Requirements, 
Class F

71Silicon dioxide (Si0 2 > 33.0 plus
Aluminum oxide (AlyO-̂ ) 17.4 plus
iron oxide (FeyO-*) f, ^ Wt.%_ Min.Wt.% 50.0 70.0
Sulfur trioxide (SO3) Wt.% ___ 1*J1 Max.Wt.% 5.0 5.0
Calcium Oxide (CaO)* wt.% 27.7
Magnesium Oxide (MgO)* Wt.% 5.9 Max.Wt.% 5.0 5.0
Moisture content Wt.% .07 Max.Wt.% 3.0 3.0
Loss on Ignition wt.% .15 Max.Wt.% *6.0 12.0
Available Alkalies, total as 

Na?0* 1.35 . K2O* .21
Na2 0*

Wt.% 1.49 Max.Wt.% 1.50 1.50
PHYSICAL ANALYSIS

Amount retained when wet 
sieved on No. 325 
(45um) sieve Wt.% 18.48 Max.Wt.% 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 % .24 Max.% 0.8 0.8
Increase of drying shrinkage* 
mortar bars at 28 days

of
% ___.023 Max.% 0.03 0.03

J EXHIBIT 2.2 Sheet 17 of 19



COAL BY-PRODUCTS UTILIZATION INSTITUTE 
ENGINEERING EXPERIMENT STATION-UNIVERSITY OF NORTH DAKOTA 

GRAND FORKS, NORTH DAKOTA

ASTM C 618 Specification for fly ash and raw or calcined natural pozzolan 
mineral admixture in Portland Cement concrete

iB Q B ow g

APR -  I 1982

Sa...p31_-- 82 ,51 Pozzolanic Northwest-, Fl y Ash. Boardman BM-229-82
— -----Docker BlZrdUlQ______ Rec'd 2/1/8? _________

CHEMICAL ANALYSIS
Silicon dioxide (SÌO2) 33.0 plus
Aluminum oxide (Al^O^) 17.2 plus

Wt.% 56.4
Sulfur trioxide (SO3) Wt.% 2.55
Calcium Oxide (CaO)* Wt.% 28.2
Magnesium Oxide (MgO)* Wt.% _ -S . Q
Moisture content Wt.% - 07

Loss on Ignition Wt.% _ .18
Available Alkalies, total as Na20* 

n *20* 1.46 , K20* .21 Wt.% 1.60
PHYSICAL ANALYSIS

Amount retained when wet 
sieved on No. 325 
(45im) sieve

Pozzolanic Activity Index: 
with portland cement at 
28 days, percent of control
with lime at 7 days, psi

Water requirement, percent of control
Autoclave expansion or contraction, 
percent

Increase of drying shrinkage* of 
mortar bars at 28 days
Specific gravity

Wt.% 21.61

89
pai 1790

% 89

% .25

% +.013

2.74

Mineral 
Class C

Admixture •

Requirements 
Class F

Min.Wt.% 50.0 70.0
Max.Wt.% 5.0 O

•

Max.Wt.% 5.0 5.0
Max.Wt.% 3.0 3.0
Max.Wt.% *6.0 12.0

Max.Wt.% 1.50 1.50

Max.Wt.% 34 34

Min.% 75 75
Min. psi 800 800
Max.% 105 105

Max.% 0.8 0.8

Max.% 0.03 0.03



!'t-:J^(c)f^nw7Riv>iCOAL nY-PROIUJCTS UTILIZATION INSTITUT!' ! ; ; 1 ' - ’-T -.’S ,  |
KNCINKKRING F.XPKU1MKNT STATION-UN1VKUSITY OF NORTH DAKOTA-'

CRAN’D FORKS, NORTH DAKOTA U'

!ASTH C 6L3 SnocificaLion for fly ash and raw or calcined natural pozz 
rinernl admixture in Portland Cement concrete

MAH 2 b 1962
-f er— uaa -as. apozzo.;.; ,

Samp 1u 82-4 Pozzolanic Northwest, Fly Ash, Boardman BM-225-81 
______ Dockets 586-676 Rec'd 1/6/82

Mineral Admixture 
Class C

Requirements 
Class F

CHEMICAL ANALYSIS
Silicon dioxide (Si02) 33,5 plus
Aluminum oxide (AI^Oi) 17.6 plus

Date 3/22/82
O, E. Manx, Direc^r

iron oxide (Fe?0O fi.n Wt.% 57.0 Min.Wt.% 50.0 70.0
Sulfur trioxide (SO3) Wt.% _ - 2.41 Max.Wt.% 5.0 5.0
Calcium Oxide (CaO)* Wt.% _ -27.5
Magnesium Oxide (KgO)* Wt.% 5.8 Max.Wt.% 5.0 5.0

Moisture content Wt.% .05 Max.Wt.% 3.0 3.0

Loss on Ignition wt.% .26 Max.Wt.% *6.0 1 2 .0

Available Alkalies, total as Na20* 
Na,0* 1.46 , K2O* .21 Wt.% 1.60 Max.Wt.% 1.50 1.50

PHYSICAL ANALYSIS
*

Amount retained when wet 
sieved on No. 325 
(45uw) sieve Wt.% 19.68 Max.Wt.% 34 3 4
Pozzolanic Activity Index: 
with portland cement at 
28 days, percent of control % 94 Min.% 75 75

with lime at 7 days, psi psi 1552 Min. psi 800 800

Water requirement, percent of control % 88 Max.% 105 105
Autoclave expansion or contraction, 
percent % .24 Max.% 0 .8 0 .8

Increase of drying shrinkage* 
mortar bars at 28 days

of
% . .009 Max.% 0.03 0.03

Specific gravity ___2ÆL.

^Optional Tests

c EXHIBIT 2.2 Sheet 19 of 19



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 include 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
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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 limit, 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 u$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 is 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

All 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. >

8



The intent 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 production^ primarily 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 layout 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 14-foot El 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
El 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 El 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 leave until it all passed the 
3/4-inch screen and was conveyed directly onto the 3/4-inch minus 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 El 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
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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 El 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 14-foot El Jay screen. The 3/4-inch minus was scalped off this screen 
and conveyed directly to the load-out bin. All other material was fed to 
a 54-inch El Jay standard cone. This material was then put into a closed 
circuit of two 5-foot x 14-foot El Jay 2-deck screens, a 54-inch El Jay 
fine head cone, a 54-inch set of Pioneer rolls, and a 72-inch Kenwood 
impact crusher. All 3/4-inch-minus material was screened out and sent to 
the pay belt. All 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 El 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.

n *

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 is shown on Plate 3.6. Both a 42-inch and a 36-inch jaw 
crusher were used at different times for the setup. All material passing 
through the jaw was fed to a 6-foot x 16-foot El 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. All 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 material passing the 
3-inch screen but retained on the 1-1/2-inch screen was conveyed to the 
3-inch bin and hauled away. All 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. All 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. All 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.
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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 1-inch screen.

Group II - 100% passing the 2-inch screen.
- 97% retained on the 1-inch screen.

Group III - 100% passing the 1-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
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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 stockpile 
containing about 15-percent material passing the 200 sieve.

Plate 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
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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.
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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 HEIGHTS i(lbs/cy)
Mix No. 1 2 3 4 5

Mix Identification 
Primary Use 
Group 1 Agg (3") 
Group 2 Agg (1 1/2") 
Group 3 Agg (3/4") 
Blend Sand 
Cement 
Ash 
Water
Theoretical Unit Wt. 
Assumed Air

80/32 
Int Mass 
1148 (29%) 
673 (17%) 
2135 (54%) 
0
80
32
142
155.9
1.2%

175/00 
u/s face 
1133 (29%) 
663 (17%) 
2106 (54%) 
0
175
0
146
156.4
1.2%

175/80 
d/s face 
1130 (29%) 
646 (17%) 
2050 (54%) 
0
175
80
150
155.7
1.2%

315/135
spillway
0
1147 (33%) 
2330 (67%) 
0
315
135
184
152.2
1.2%

330/130
bedding
0
0
3313 (100%) 
0
330
130
225
148.1
1.2%

These mixes are based on the following specific gravity and absorption values 

Considered representative of materials now being used at the project.

...... Type Source S p. G. Abs.
Group 1 Agg (3") Quarry 2.79 ~CT70
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) Eehigh 3.15
Ash (Class F) Bridger 2.30
Water Well 1.00

It is understood that aggregate batch weight adjustment should not be made 

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

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

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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CHAPTER 5

ROLLER-COMPACTED CONCRETE PRODUCTION AND PLANT CAPACITY

REQUIREMENTS

Contract specifications allowed the use of a continuous mix drum or 
conventional batch-type plant. Pug mill plants were not allowed, pri
marily because they had not been proven for use in RCC on a high produc
tion basis requiring low maintenance and downtime. Also, the 3-inch 
maximum size aggregate made from crushed high strength, high density 
basalt was thought to provide a mix very hard on pug mill paddles. At 
this point, the feeling is that there is sufficient experience with RCC 
mixes to know their behavior and characteristics well enough so that a 
suitable pug mill could be developed.

The plant was required to have the capability of producing 400 cubic 
yards per hour. This was based on a detailed study of placing require
ments necessary to meet the schedule as dictated by the thermal studies. 
It takes into account inefficiency, expected downtime, and the slower 
placing rate that access and dam shape constraints caused during placing 
operations.

The contract specifications described requirements for both con
tinuous and batch-type plants in detail including operation, layout, 
capacity, dispensers, bins, sampling, accuracy, mixing, etc. The major 
difference allowed for the rolled concrete as compared to conventional 
concrete was the following significant reduction in the accuracy of 
batching or charging, and in the within-batch variability allowed after 
mixing as shown below.

Materi al

Pozzo!an and Cement 
Water
Coarse Aggregate (Plus 3/4) 
Finer Aggregate (Minus 3/4) 
Admixture

Batching Variation Allowed 
Conventional

RCC (Semi-Automatic Plant)

+ 4% + 1%
+ 4% 7 1%
+ 4% + 2%
+ 5% + 2%
+ 6% + 3%
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Minimum Variability Index

Test
Conventional

RCC (Semi-Automatic Plant)

Water Content of Mortar 
Coarse Aggregate 
Unit Weight of Air-Free Mortar 
Cement Content of Mortar

85
90
96
80

91.5
90.5
98.5
82.5

DETAILED PLANT DESCRIPTION

The contractor elected to use a horizontal (low profile) conventional 
batch-type plant. This decision was mostly influenced by the availability 
and relatively low cost of a used paving plant which was then rebuilt and 
automated for the job. The basic plant was a Noble mobile plant, Model 
600. Plate 5.1 shows photographs of the plant, and Plates 1.5 through 
1.11 of the introduction show aerial photos of its location in relation
ship to the dam and aggregate stockpiles. Plate 5.2 shows variations of 
the basic plant layout used throughout the job. A detailed description 
of each one follows:

Layout No. 1 (29 April - 30 May):

The plant was fed by two Caterpillar Model 966 front-end loaders, 
tramming material from stockpile to the 28-ton, three-compartment mobile 
aggregate batching unit, with three 12-inch x 30-inch double clamshell- 
type bin gates and automatic ram control, with level indicators to 
control the bin charging conveyors. There also was a 36-inch belt 
feeder. From each of the three aggregate bins and from the belt feeder 
ran 30-inch x 60-foot-long conveyor belts traveling to the 8-cubic yard 
batching system consisting of four separate aggregate batchers and two 
cement batchers. The batchers were complete with one dial scale for each 
batcher, air rams, valves, gages, fittings, moisture traps, regulators, 
air vibrators, air line lubricators, and batch, start, and dump inter
locks. Material went from the batcher to a 48-inch heavy duty belt 
conveyor with 45-degree troughing idlers and a 25-HP motor and drive, 
crowned head and tail pulleys with the head pulley lagged, antifriction 
troughing and return rolls, screw-type takeup and full length skirt 
boards. From there, materials went to a mobile 48-inch truss-type con
veyor, 56 feet long, complete with discharge chute, 75-HP motor and 
drive, crowned head with tail pulleys with lagged head pulley, 45-degree 
antifriction troughing rolls, return rolls, screw-type takeup, full length 
skirt boards, and metal cover including a support frame with two wheels, 
tires, 10-HP traverse motor and drive with guard and controls to move the 
conveyor for alternate charging of the two mixers to two Erie Strayer
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8-yard t ilt -typ e  mixers, each powered by two 50-HP e lectric  motors. The 
mix was discharged onto a 42-inch x 50-foot-long horizontal conveyor 
which conveyed the material to a 30-inch x 125-foot-long radial stacker 
into one of two 50-cubic yard gob hoppers. During the f i r s t  2 days of 
production, material was taken from the gob hoppers by highway-type dump 
trucks to the placement area. After that time, the material was taken 
from the gob hopper to the placement area by two F ia t A l l i s  Model 460B 
scrapers. Other features in the batch plant not previously mentioned 
were the cement s i lo s .  There were two 1,800-cubic-foot horizontal mobile 
bulk cement s ilo s  and one 100-ton guppy. The cement was moved from the 
guppy to the s i lo s  pneumatically and from the s i lo s  to the batching unit 
by a 14-inch cement screw with a 25-HP e lectric  motor. The f l y  ash was 
moved by a 14-inch cement screw with a 25-HP motor also. The water pump 
was a 25-HP centrifugal pump, and an Alkon Compu/key 20 CRT computer with 
printer was in sta lled  in the control unit.

Layout No. 2 (1 June - 2 August):

The basic plant remained unchanged except that it  was fed by two 
Caterp illa r 980 front-end loaders. The 30-inch x 125-foot radial stacker 
was eliminated. Concrete was loaded d irectly  from the 42-inch horizontal 
belt into Fiat A l l i s  Model 460B scrapers.

Layout No. 3 (3 August - 26 August):

The only changes made in the plant were to in sta ll an aggregate cold 
feed unit consisting of three aggregate bins controlled by SCR drive 
variable speed belts and approximately 400 feet of 30-inch conveyor belt 
to the 125-foot x 30-inch stacking conveyor. From the stacking conveyor, 
material went to a 36-inch belt feeder with surge p ile  and from that 
surge p ile  by means of a 30-inch x 60-foot-long conveyor belt into the 
3/4_inch aggregate bin. A very small amount of fine blend sand was added 
to the 3/4-inch product at the cold feed unit and transferred from there 
to the plant by means of a conveyor system. Since the No. 4 mix required 
no blend, a 36-inch belt feeder was added, discharging d ire c tly  onto the 
30-inch x 60-foot-long conveyor that fed into the 3/4-inch aggregate bin 
so that it  could feed 3/4-inch material with no blend from that point. 
The rest of the plant remained unchanged.

1 7



Layout No. 4 (27 August - 24 September):

This was exactly the same as layout No. 3 with the elimination of 
the cold feed unit, the 400 feet of 30-inch conveyor belt, and the radial 
stacker. A surge pile and one 36-inch belt fed material bnto the 30-inch 
x 6Q-foot-long conveyor into the 3/4-inch aggregate bin. Two 980 front- 
end loaders supplemented partially by a 966 front-end loader were used to 
feed the plant.

PLANT OPERATION COMMENTS

A few situations relative to operation of the RCC plant at Willow 
Creek should be noted.

The batching sequence was extremely critical. For instance, adding 
blend sand to the tail end of the fine charging belt followed by dumping 
the other aggregate onto it resulted in failing mixer proficiency tests 
and excess buildup in the mixer drum. Changing the timing and/or opening 
of the aggregate weigh bin gates by a few seconds also meant the differ
ence between passing and failing tests. The timing and angle of injection 
of water to the drum was equally important. With the wrong sequence of 
batching, buildup in the drums got as bad as one full cubic yard after 
two shifts of operation, while with a slightly different sequence almost 
no buildup developed with weeks of use.

It is worth commenting that the "blend sand" was actually a very fine 
natural grainy textured nonplastic material with usually 75 percent to 95 
percent passing the No. 200 sieve. It was only needed during the time 
that production of aggregate failed to include sufficient overburden. 
Generally it was added at a rate of only 1 percent to 4 percent.

Another important comment pertinent to RCC is the "bulking" effect. 
Because it contains no paste, the loose material "bulks" while mixing. 
The 9-cubic-yard drums of the batch plant could hold and effectively mix 
only 8 cubic yards of loose RCC.

PRODUCTIVITY AND MIXER PROFICIENCY TESTS . .

The overall production history shown as cumulative yards placed ver
sus calendar date and how that compared to predicted productivity during 
design is shown on Plate 5.3. Plate 5.4 shows productivity in cubic 
yards per hour based on theoretical capacity, average normal production, 
and overall average per shift throughout the job. Plate 5.5 shows the 
individual and cumulative yardage of each RCC mix in each layer or lift.
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The requirement for 400 cubic yards per hour capability was not met 
until mid-June, 6 weeks after the start of placing. Fortunately, the 
total required capacity was not practically Usable until about that time 
so there was little actual effect or delay in the construction rate. 
Until that time, the area was too confined or inaccessible to place much 
faster and thermal design constraints prohibited putting in more than 
three lifts in any two shifts regardless of the volume involved.

Because the effectiveness of the mixers with the RCC materials was 
so very dependent upon the batching sequence and timing, and because the 
high productivity requirements pushed the mixer to its limits, many mixer 
proficiency tests were necessary. Basically, a trial and error procedure 
had to be used to determine the best method of batching, after which suc
cessive tests were run to determine the minimum allowable mix time. If a 
3-inch aggregate mix design passed the test with the leanest cement plus 
fly ash content, the richer mixes with the same gradation and aggregate 
size were considered acceptable at the same mix time. However, separate 
tests were made for each of the mixes using different gradations and 
maximum aggregate size. As a general rule only a few seconds difference 
in mix time would make the difference between a passing and failing test.

Typically, a conventional mass concrete project will require only a 
few tests. At Willow Creek, 25 tests were necessary. Personnel require
ments for these tests included all Resident Office laboratory personnel 
plus several select and conscientious laborers supplied by the contractor.

There were three significant differences between standard mixer pro
ficiency test procedures and those used at Willow Creek Dam. Discussion 
of each of these follows. Exhibit 5.1 contains typical results of mixer 
proficiency tests.

(1) After production was underway, it was evident that considerable 
mixing/remixing occurred during the conveying-dumping-spreading operation. 
On the other hand, these operations could be damaging if not properly 
controlled. Normally, samples are taken from the first, middle, and last 
third of a single-mix batch; If the variability between the samples was 
too high when sampled this way but the variability was acceptable after 
conveying, dumping, and spreading, it was considered to be appropriate to 
allow the material in construction. It was agreed between the contractor 
and the Corps to take three random samples from the placement for testing 
rather than test each third of an individual batch. It was also agreed 
that when using this sampling technique, allowance should be made for 
batch-to-batch variability. Accordingly, the minimum acceptable values 
for variability indfex were reduced by 10.8 percent of their within-batch
values to the following.
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__________ Minimum Allowable Variability Index__________
Within-Batch Sampling Random Sampling from Placement

Cement 80 71.4
Water 85 75.8
Unit Wt. of 
Air-Free Mortar 96 85.6
Coarse Aggregate 
Fraction 90 80.2

In addition to the benefit from remixing while spreading
handling, another benefit from taking samples from the placement was 
gained from the fact that each sample was obtained fresh. The new sample 
was obtained after the previous sample had been completely processed. 
With the normal procedure, many hours pass between testing of the sample 
in the first and last third obtained from a single batch, and the results 
can be adversely affected. From an owner's standpoint, the random sample 
procedure is better because it checks batch-to-batch as well as within- 
batch variations and it can detect problems from improper handling. From 
the contractor's standpoint, it is easier to pass because of the benefit 
from additional mixing while handling. In a continuous mix operation, it 
is the only reasonable approach. In future work, it is suggested that 
several trials be made using the normal procedure in wasted batches 
before routine production begins. A reasonable batching procedure and 
safe (but probably excessively long) mix time can be established for the 
start of production. Each subsequent day of production can be used to 
systematically trim 5 or 10 seconds off the previously accepted mix time, 
allowing a full day's production at that time while the tests are evalu
ated until the minimum acceptable time is determined.

(2) The concrete quality monitor (CQM) method was used to determine 
cement and water contents. The equipment and procedure are described in 
Chapter 19, "Concrete Quality Monitor," of this report. Basically it is 
a method of rapidly determining the cement content so that full results 
of the entire mixer proficiency tests are known the same day. Without 
the CQM method, mixer proficiency tests could not be used to evaluate 
mixer performance without causing an unacceptable delay to productivity 
because of the time required for test evaluation. The normal time to get 
results using the precipitate chemical process for cement content evalua
tions is a full week. Assuming that the results of one test are needed 
before proceeding with the subsequent tests at an additional reduction in 
mix time, this would have meant that Willow Creek Dam would have been 
finished before the minimum acceptable mix time was established.
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(3) Tests for water content and cement content were performed on 
both the full mix and the minus No. 4 fraction of the mix. Without the 
CQM equipment it is not possible to test the full mix, so only results of 
the minus No. 4 fraction are used. In reality, it is variability of the 
full mix that is of concern. If tests on the full mix passed but the 
minus No. 4 results were marginal, the test was considered acceptable.

It is worth noting that after considerable effort to find the origin 
of the standard for acceptable variability values and how the minus No. 4 
portion is supposed to relate to full mix values, nothing was found in 
either documented written form or from memory of those who have used it 
for years.
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CONCRETE PLANT CAPABILITY

PEAK: MAXIMUM CAPABILITY @ 100% EFFICIENCY & CONTINUOUS OPERATION X------X (8 C.Y. BATCHES)

PEAK PRODUCTION: AVERAGE PRODUCTION DURING NORMAL OPERATION (EXCLUDES DOWNTIME & PLACEMENT HOLDUPS)
—X—X—X



L IFT
E L E V

R C C -  1 
CY

R C C -  2 
CY

R C C - 3
CY

R C C -  4 
CY

R C C -  1 
ACC CY

R C C - 2  
ACC CY

R C C - 3  
ACC CY

R C C -  4 
ACC CY

ACCUM
T O T A L

2128.00 0 0 0 0 307787 54705 42252 26667 431411
2127.00 0 0 735 0 307787 54705 42252 26667 431411
2126.00 0 0 863 0 307787 54705 41517 26667 430676
2125.00 0 0 821 0 307787 54705 40654 26667 429813
2124.00 0 0 848 0 307787 54705 39833 26667 428992
2123.00 0 442 407 0 307787 54705 38985 26667 428144
2122.00 0 425 468 0 307787 54263 38578 26667 42729S
2121.00 0 428 482 0 307787 53838 38110 26667 426402
2120.00 0 416 481 0 307787 53410 37628 26667 425492
2118.75 0 376 512 0 307787 52994 37147 26667 424S9S
2117.75 0 375 544 0 307787 52618 36635 26667 423707
2116.75 0 375 575 0 307787 52243 36091 26667 422788
2115.75 0 376 606 0 307787 51868 35516 26667 421838
2114.75 0 375 636 0 307787 51492 34910 26667 420856
2113.75 0 376 667 0 307787 51117 34274 26667 419845
2112.75 194 375 505 0 307787 50741 33607 26667 418802
2111.75 367 375 362 0 307593 50366 33102 26667 417728
2110.75 398 393 362 4 307226 49991 32740 26667 416624
2109.75 419 366 338 65 306828 49598 32378 26663 415467
2108.75 450 366 354 113 306409 49232 32040 26598 414279
2107.75 477 367 354 169 305959 48866 31686 26485 412996
2106.75 SOS 365 353 188 305482 48499 31332 26316 411629
2105.75 533 365 351 204 304977 48134 30979 26128 410218
2104.75 560 444 348 164 304444 47769 30628 25924 408765
2103.75 588 489 331 114 303884 47325 30280 25760 407249
2102.75 613 489 344 126 303296 46836 29949 25646 405727
2101.75 639 484 343 142 302683 46347 29605 25520 404155
2100.75 666 479 341 160 302044 45863 29262 25378 402547
2099.75 724 477 339 167 301378 45384 28921 25218 400901
2098.75 717 476 338 188 300654 44907 28582 25051 399194
2097.75 745 473 337 187 299937 44431 28244 24863 397475
2096.75 767 513 338 200 299192 43958 27907 24676 395733
2095.75 780 467 312 217 298425 43445 27569 24476 393915
2094.75 798 466 330 245 297645 42978 27257 24259 392139
2093.75 944 462 328 125 296847 42512 26927 24014 390300
2092.75 1065 428 327 125 295903 42050 26599 23889 388441
2091.75 961 426 325 125 294838 41622 26272 23764 386496
2090.75 994 426 324 125 293877 41196 25947 23639 384659
2089.75 1026 425 316 125 292883 40770 25623 23514 382790
2088.75 1059 424 286 125 291857 40345 25307 23389 380898
2087.75 1092 424 284 125 290798 39921 25021 23264 379004
2086.75 1124 422 283 125 289706 39497 24737 23139 377079
2085.75 1156 423 282 125 288582 39075 24454 23014 375125
2084.75 1188 423 280 125 287426 38652 24172 22889 373139
2083.75 1220 421 280 125 286238 38229 23892 22764 371123
2082.75 1252 419 280 125 285018 37808 23612 22639 369077
2081.75 1281 419 280 125 283766 37389 23332 22514 367001
2080.75 1312 420 280 125 282485 36970 23052 22389 364896
2079.75 1362 423 280 125 281173 36550 22772 22264 362759
2078.75 1382 425 283 125 279811 36127 22492 22139 360569
2077.75 1406 415 275 125 278429 35702 22209 22014 358354
2076.75 1430 413 274 125 277023 35287 21934 21889 356133
2075.75 1457 413 273 125 275593 34874 21660 21764 353891
2074.75 1483 411 272 125 274136 34461 21387 21639 351623
2073.75 1509 411 271 125 272653 34050 21115 21S14 349332
2072.75 1544 409 271 125 271144 33639 20844 21389 347016
2071.75 1577 409 269 125 269600 33230 20573 21264 344667
2070.75 1611 407 268 125 268023 32821 20304 21139 342287
2069.75 1645 406 266 125 266412 32414 20036 21014 339876
2068.75 1678 408 265 125 264767 32008 19770 20889 337434
2067.75 1712 403 264 125 263089 31600 19505 20764 334958
2066.75 1719 411 263 125 261377 31197 19241 20639 332454
2065.75 1744 400 263 125 259658 30786 18978 20514 329936
2064.75 1774 399 263 125 257914 30386 18715 20389 327404
2063.75 1803 399 262 125 256140 29987 18452 20264 324843
2062.75 1827 398 261 125 254337 29588 18190 20139 322254
2061.75 1860 398 259 125 252510 29190 17929 20014 319643
2060.75 1887 396 258 125 250650 28792 17670 19889 317001
2059.75 1918 396 257 125 248763 28396 17412 19764 314335
2058.75 1948 397 258 125 246845 28000 i7 1 S S  ' 19639 3 i l6 3 9
2057.75 1978 395 257 125 244897 27603 16897 19514 308911
2056.75 2009 396 257 125 242919 27208 16640 19389 306156
2055.75 2039 395 257 125 240910 26812 16383 19264 303369
2054.75 2070 403 265 125 238871 26417 16126 19139 300553
2053.75 2119 395 256 125 236801 26014 15861 19014 297690
2052.75 2132 393 256 125 234682 25619 15605 18889 294795
2051.75 2165 393 256 125 232550 25226 15349 18764 291889
2050.75 2194 391 255 125 230385 24833 15093 18639 288950
2049.75 2223 390 255 125 228191 24442 14838 18514 285985
2048.75 2252 390 255 125 225968 24052 14583 18389 282992
2047.75 2281 388 255 125 223716 23662 14328 18264 279970
2046.75 2310 388 254 125 221435 23274 14073 18139 276921
2045.75 2339 386 254 125 219125 22886 13819 18014 273844
2044.75 2367 385 253 125 216786 22500 13565 17889 270740
2043.75 2396 392 253 125 214419 22115 13312 17764 267610
2042.75 2425 401 254 125 212023 21723 13059 17639 264444
2041.75 2355 370 240 125 209598 21322 12805 17514 261239
2040.75 2625 370 240 125 207243 20952 12565 17389 258149
2039.75 2394 369 239 125 204618 20582 12325 17264 254789
2038.75 2425 370 238 125 202224 20213 12086 17139 251662
2037.75 2456 369 238 125 199799 19843 11848 17014 248504
2036.75 2485 368 237 125 197343 19474 11610 16889 245316
2035.75 2515 369 236 125 194858 19106 11373 16764 242101
2034.75 2544 368 236 125 192343 18737 11137 16639 238856
2033.75 2573 368 235 125 189799 18369 10901 16514 235583
2032.75 2603 368 234 125 187226 18001 10666 16389 232282
2031.75 2631 367 234 125 184623 17633 10432 16264 228952
2030.75 2660 368 234 125 181992 17266 10198 16139 225595
2029.75 2690 366 233 125 179332 16898 9964 16014 222208
2028.75 2719 366 233 125 176642 16532 9731 15889 218794
2027.75 2747 367 233 125 173923 16166 9498 15764 215351
2026.75 2759 365 232 125 171176 15799 9265 15639 211879
2025.75 2788 364 232 125 168417 15434 9033 15514 208398
2024.75 2817 364 231 125 165629 15070 8801 15389 204889
2023.75 2846 363 231 125 162812 14706 8570 15264 201352
2022.75 2863 370 231 125 159966 14343 8339 15139 197787
2021.75 2880 361 227 125 157103 13973 8108 15014 194198
2020.75 2897 369 226 125 154223 13612 7881 14889 190605
2019.75 3041 361 226 125 151326 13243 7655 14764 186988
2018.75 2941 359 225 125 148285 12882 7429 14639 183235
2017.75 2971 359 225 125 145344 12523 7204 14514 179585
2016.75 3001 359 225 125 142373 12164 6979 14389 175905
2015.75 3014 355 224 125 139372 11805 6754 14264 172195
2014.75 3029 364 225 125 136358 11450 6530 14139 168477
2013.75 2882 341 205 125 133329 11086 6305 14014 164734
2012.75 3049 345 212 125 130447 10745 6100 13889 161181
2011.75 29o8 335 210 125 127398 10400 5888 13764 157450
2010.75 2933 342 209 125 124430 10065 5678 13639 153812
2009.75 2945 330 208 125 121497 9723 5469 13514 150203
2008.75 2972 337 207 125 118552 9393 5261 13389 146595
2007.75 2983 317 199 125 115580 9056 5054 13264 142954
2006.75 3211 308 191 125 112597 8739 4855 13139 139330
2005.75 2976 286 190 125 109386 8431 4664 13014 135495
2004.75 2975 290 201 125 106410 8145 4474 . 1 2 8 8 ? . .131918.
2003.75 3235 286 199 125 103435 7855 4273 12764 128327
2002.75 2949 285 196 125 100200 7569 4074 12639 124482
2001.75 2665 283 185 125 97251 7284 3878 12514 120927
2000.75 2675 279 158 125 94586 7001 3693 12389 117669
1999.75 2684 277 157 125 91911 6722 3535 12264 114432
1998.75 2692 276 153 125 89227 6445 3378 12139 111189
1997.75 2763 276 150 125 86535 6169 3225 12014 107943
1996.75 2707 274 147 125 83772 5893 3075 11889 104629
1995.75 2714 273 144 125 81065 5619 2928 11764 101376
1994.75 2722 272 142 125 78351 5346 2784 11639 98120
1993.75 2728 271 140 125 75629 5074 2642 11514 94859
1992.75 2735 268 146 125 72901 4803 2502 11389 91595
1991.75 2741 266 145 125 70166 4535 2356 11264 88321
1990.75 2668 277 155 125 67425 4269 2211 11139 85044
1990.00 3165 281 143 143 64757 3992 2056 11014 81819
1989.00 3262 270 141 125 61592 3711 1913 10871 78087
1988.00 3193 264 136 125 58330 3441 1772 10746 74289
1987.00 3729 262 178 125 55137 3177 1636 10621 70571
1986.00 2953 200 118 125 51408 2915 1458 10496 66277
1985.00 2921 227 115 125 48455 2715 1340 10371 62881
1984.00 2860 182 114 161 45534 2488 1225 10246 59493
1983.00 2797 175 122 178 42674 2306 1111 10085 56176
1982.00 2809 169 99 183 39877 2131 989 9907 52904
1981.00 2619 164 108 187 37068 1962 890 9724 49644
1980.00 2554 162 102 192 34449 1798 782 9537 46566
1979.00 3451 176 97 196 31895 1636 680 9345 43556
1978.00 2354 151 79 201 28444 1460 583 9149 39636
1977.00 2281 151 53 205 26090 1309 504 8948 36851
1976.00 2259 137 54 204 23809 1158 451 8743 34161
1975.00 1478 129 50 208 21550 1021 397 8539 31507
1974.00 2059 128 49 204 20072 892 347 8331 29642
1973.00 2186 127 45 189 18013 764 298 8127 27202
1972.00 1921 127 39 185 15827 637 253 7938 24655
1971.00 1914 123 35 181 13906 510 214 7753 22383
1970.00 1392 123 32 179 11992 387 179 7572 20130
1974.75 1970 130 30 203 10600 264 147 7393 18404
1973.75 1907 48 27 179 8630 134 1 17 7190 16071
1972.75 1626 38 24 176 6723 86 90 701 1 13910
1971.75 1301 26 18 173 5097 48 66 6835 12046
1970.75 1352 21 1 1 171 3796 22 48 6662 10528
1969.75 703 1 7 1063 2444 1 37 6491 8973
1968.75 980 0 6 1050 1741 0 30 5428 7199
1967.75 373 0 5 1037 761 0 24 4378 5163
1966.75 388 0 5 1087 388 0 19 3341 3748
1965.75 0 0 4 1099 0 0 14 2254 2268
1964.75 0 0 4 724 0 0 10 1155 1 165
1963.75 0 0 4 372 0 0 6 431 437
1962.75 0 0 2 59 0 0 2 59 61

WILLOW CREEK DAM
RCC MIX QUANTITIES BY LIFT ELEVATION 
B A SE D  ON COMPOSITE FOUNDATION GRADES 

AND THEORETICAL TEMPLATE  GRADES

B A SED  ON REV ISED  QUANTITIES 10 MAY 83

SOURCE F ILE  = RCCT0T3  

PLOTTED 23  JUN 1983  - GDPS

PLATE 5.5



EXHIBIT 5.1

TYPICAL MIXER PROFICIENCY 
TEST RESULTS



RCC MIXER PROFICIENCY TEST

Date: <pQ . 3. £ —

Mix: * 4 - ; 3 / S * j 3 C  

Mix Time: /  3  ST S SCOh/PS

Batch Sire: ____ 8  C >/.

Responsible Corps Representative: -¿¿T. S c  M t2.s+s> J&2.

Aggregate Blend: <5* % Blend

C  3  % 3/4  

J 7 % 1- 1/2

o  % 3

Full Mix
-------- Variability Minimum

Sample 1 Sample 2 Sample 3 Index Al lowed Result

Cement (lbs/cy) 
W+7S*.C7*ir o®)
Water (% by CQM)

Jò d 
f f ê
AhJ-

-f/r
ytc-

**?r
39#
/ * ?

a *
_X2L

So
<fr

/3»>j
t*4\l

CDtiM CA** )

Mortar Unit Wt (lbs/cy) /± U L /iliJ L /*? ./ _2A_ fass

Plus #4 Agg (%) *7*12 sJLJl _ 2 A ?V7 fass

Air <%) A 3 - // A t :-- —

Compacted Unit Wt 

Minus #4 Portion

(pcf) — —

Variability
Index

Minimum 
Al lowedSample 1 Sample 2 Sample 3 Result

Cement (lbs/cy) z *  r ¿7$ ?/ B o **SS

Water (% OD) /<£>. / /0 .0 -¿ A ?sr <3X1 fass

Water (% by QCM) /£r_A /2 S /o. 3 SSZ—

Full Mix
Mix Design Req'd @ Batcher Average Actual Result

Cement (lbs/cy) j/r i+ZCZbif* ,?.2S) Jo jr */<

Plus #4 Agg (%)
^ / 

(  S-&Ji ç * ) oK-

Notes: ^ ^  y

^  7^  /V J a & z* G<?*n /g g  X ru t+ fï__
. 'ZirT? ¿fas**,

EXHIBIT 5.1 
Sheet 1 of 6



* RCC MIXER PROFICIENCY TEST

Date; y y  M a* >/ # 2  Responsible Corps Representative:

Mix: * 4  S o  / 3 2  Aggregate Blend: Blend

Mix Time: / S o  S **<*+*1 ? 7  % 3/4

Batch Size: & _ e y _ A 3 % 1-1/2

A C % 3

Full Mix
Variability Minimum

Sample 1 Sample 2 Sample 3 Index Al lowed Result

Cement (lbs/cy) & 7 /<*S” ?S 8  3 ?/' y _ o K
Water (% by CQM) C 7 2 * s . r u _
Mortar Unit Wt (lbs/cy) /JA S /JUST / ¿ ¿ z . 1 À _
Plus #4 Agg (%) To, 3 *8.7 j r x / d o . a
Air <%> O* 7 / . / / / c v —

Compacted Unit Wt (pcf) / r l L y * h ± /TV . 3

Minus #4 Portion
Variability Minimum

Sample 1 Sample 2 Sample 3 Index Al lowed Result

Cement (lbs/cy)

______£_-- -

2 3 .$ ¿CO »? 3 c. 6 7 0/<
Water (% OD) /A  / Ÿ /* ,o 71  o _ 2 A _ ?r.g

Water '% by QCM) J a & ? r , g / 5 ^ 4

Full Mix
Mix Design Req'd @ Batcher Average Actual Result

Cement (lbs/cy) J o . J t i f  >7 ¿ S i ) ? 7 /Vs o #
Plus #4 Agg (%) Â 3 - J?7> U /  A  cc) C (  . o K

Notes: f?nwJTutn S  a-rtflUj_
(Lg.<^/> C/h9T*ó,~t Æ*7C#,/tf6* S £ 0 + 4 M €  '̂ f3?
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Date: f  JT S Z
*J  • êo+34Mix: /  . 7s

Mix Time: fâo Sæc.cn-shi Mrt&# 9**+s
Batch Size: <&  C K - -

RCC MIXER PROFICIENCY TEST

Responsible Corps Representative:

Aggregate Blend: % Blend

9 3  % 3/4 

3 2  % 1-1/2 

3  /  % 3

Full Mix

Cement (lbs/cy)

Water (% by COM)

Mortar Unit Wt (lbs/cy) / Ì 7 . & 
Plus #4 Agg (%)

Air <%>

Compacted Unit Wt (pcf) / S 9  3  

Minus #4 Portion

Cement (lbs/cy) 

Water (% OD) 

Water (% by QCM)

Full Mix

Cement (lbs/cy) 

Plus #4 Agg (%)

Sample 1 Sample 2 Sample 3
Variabi1ity 

Index
Minimum 
Al lowed Result

s i ¿ S ¿4L 7 2U - 7 /  V . ?SHJ
*  * 4 4 S S ,? ? s 3

/37 , & sJ%T- 7 s  c # s , c fik lS
CL3L S o ,?

/ S ¿ 4 L A 4 . # 0 .0 — • —

/ s % i /S-C2- /S Z Ä 7S 6

Variabi1ity Minimum
Sample 1 Sample 2 Sample 3 Index Al lowed Result

— 3 2  0 2 1 4 7 9 c ? /9
/¿ J L - /A / _ / / S ’ f ï ' O 7 S  8
< S - L /jLtX- 7% & ? r , B JjLLS

Design Req'd 0 Batcher Average Actual Result

O J-Ÿ& ( v * .  91) 7 i 7
' Ò * * %  (¿C  A ,??) o K

Notes: ~Z fâ & S S  ¿T j ______ $*bfO #na— S/<hytJ
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RCC MIXER PROFICIENCY TEST

Date: 2  9  8 2  Responsible Corps Representative: JT. Sc/vststùén

Mix: & Q  +  3 2  Aggregate Bl^nd: // % Blend

Mix Time: /3r S/FC 3 r % 3/4

Batch Size: 8 c/ AC % 1-1/2r--

2 3 % 3

Full Mix

Sample 1 Sample 2 Sample 3
Variabi1ity 

Index
Minimum 
Al 1 owed Result

Cement (lbs/cy) , & o ÓV <9/ 2JZ- So

Water (% by CQM) 2&- c ? r,8 S3 -&IL
Mortar Unit Wt (lbs/cy) /ja r /Jo.C 9J yc
Plus #4 Agg (%) 7*.3 C/.2 C2fo S? To
Air <%) A* A r AJ~ — —

Compacted Unit Wt (pcf) /ft-3 ¿ /rt.3 12_ -— —

Minus #4 Portion
Variabi1ity 

Index
Minimum 
Al lowedSample 1 Sample 2 Sample 3 Result

Cement (lbs/cy) c220- 23c _£2 éò
Water (% OD) /%*- ¿&A ¿22. ?o...
Water (% by QCM) AA* 20, / — S5T —

Full Mix
Mix Design Req'd @ Batcher Average Actual Result

Cement (lbs/cy) SO *+%( 77*83) ex o/c

Plus #4 Agg (%) C Ÿ ¿s % (  n ) cy~ -2>£.

Notes: 7&2L Æ a s /j AtUJJt; A * « /__
2 + i/ -  7Àé**fî <L V *  /* ;* * -* .
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RÇC MIXER PROFICIENCY TEST

Date: ? & / *  ____  Responsible Corps Representative:

Mix: +  ±  1 $ 0 * 3 2 Aggregate Bl'end: % Blend

Mix Time: 0<T J V c o o s  (¿¡M* W+i+# &r*j) 7_  % 3/4
Batch Size: C . S  2 2 2 ' 1-1/2

3c? % 3

Full Mix

Sample 1 Sample 2 Sample 3
Variabi1ity 

Index
Minimum 
Al l owed Result

Cement (lbs/cy) cz 7/2 73 i. 7 2 3
Water (% by CQM) so .r C ?  4.3 *sl2 - Zr.S S?+/S-
Mortar Unit Wt (lbs/cy) /ÌC.Z /j a r  / i l i 9&.C *?.e OK
Plus #4 Agg (%) Co, 9 9 C3* 2 ?<:. X &o-Z
Air (%) / y C tJ —

Compacted Unit Wt: (pcf) /5*2,3 /yz ? sro,7 322
Minus #4 Portion

Sample 1 Sample 2 Sample 3
Variabi1ity 

Index
Minimum 
Al lowed Result

Cement (lbs/cy> Zoo ¿ t i  /S Z ? 7AV- SsiszS-
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RCC MIXER PROFICIENCY TEST 

Responsible Corps Representative:Date:

nix: 3 / f * j 3 r
Mix Time: fO Se c.___
Batch Size: £  e.y.

Full Mix

Cement (lbs/cy)

Water (% by CQM)

Mortar Unit Wt (lbs/cy) 

Plus #4 Agg (%)

Air (%)

Compacted Unit Wt (pcf) 

Minus 34 Portion

Cement (lbs/cy) 

Water (% OD) 

Water (% by QCM)

Sample 1 Sample 2 Sample 3

3 8 0 30 (m 2 7 2
l O - J J L C f

/<92l /38-t s & ./
SS}/ S2,*f n * L
/  7 A 3

/SC. 3 /S’*.3 /So. 7

Sample 1 Sample 2 Sample 3

2CO J c i" 392
t r /U S /x. £

/* . z. L.. / /:± .

Aggregate Blend: O  % Blend

% 3/4

3 3 % 1-1/2

o % 3

Variability
Index

Minimum 
Al l owed Result

7^8 7 /7 OK
n  2 ÏT.S OAT
97.2 s s .c t>K
88.7 80.2 e>/c

- - —

— - •r

Variabi1ity 
Index

Minimum 
Al lowed Result

7/. 2 749
CV.o 2J3&- /y**-
SO. 3 9r,& ok

Full Mix
--------  Mix Design

Cement (lbs/cy) 3 /S~
Plus #4 Agg (%)

Req'd 0 Batcher

3ò2 & .2 2 è
Average Actual Result

32C  6K
S 2 J

Notes: « ß a i m  >4 ' S/*7C// XjhlJb*
Æ j t  S-/*a  /i___/&£ ----
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CHAPTER 6

TRANSPORTING AND SPREADING RCC

TRANSPORTING

Contract specifications allowed transporting RCC by haul vehicle or 
conveyor system. The contractor had equipment readily available for 
vehicular haul and did not have the necessary conveyor equipment within 
his inventory. Primarily for this reason, hauling vehicles were used 
which, as discussed below, had specific problems associated with their 
use. These problems and associated inspection difficulties should be 
considered in future projects when deciding if vehicular haul should be 
prohibited or limited.

The original intent and contract requirements were to deliver the 
mixes from the plant to two gob hoppers or temporary holding facilities 
from which haul vehicles would be loaded. Initially, this was done with 
the hoppers having the specified capacity of 60 cubic yards each. In 
future work, if the plant can deliver RCC in a reasonably continuous 
manner, a smaller size of about 30 cubic yards may be more appropriate. 
The contractor's conveyor did not have capacity to deliver RCC from the 
mixers to the elevated hoppers at the specified required batch plant 
capacity of 400 cubic yards per hour. In order to establish the actual 
batch plant capacity, it was decided to allow the mix to be discharged 
directly into the haul vehicles from the plant without conveying into the 
hoppers on a trial basis. The rate of delivery from the plant (discussed 
in Chapter 5, "Roller-Compacted Concrete Production and Plant Capacity") 
increased. By properly sizing the haul vehicle fleet, providing access 
to the loading zone, and coordinating operation between the plant and 
placing foreman, this system worked well and was allowed to continue 
throughout the remainder of the project. In retrospect and considering 
the problems discussed below, it would have been better (although more 
costly to the contractor) to have reduced the gob hopper size, required 
that they be located on the placement, and insisted on a conveyor with 
sufficient capacity to transport the material to the hoppers at the spe
cified rate of 400 cubic yards per hour.

The general hauling and spreading operation can be seen in the 
aerial photos of Plates 1.5 through 1.11. More specific photos of the 
equipment are shown on Plates 6.1 and 6.2.

The vast majority (probably 95 percent) of the RCC was delivered in 
Fiat Allis-Chalmers 580 scrapers loaded with 16 cubic yards (compacted
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volume) of RCC. This constituted two batches from the plant which bulked 
to an estimated 17 or 18 cubic yards of loose volume. The scrapers were 
capable of hauling more volume but because of the relatively high loose 
density of the RCC, two batches represented about 65,000 pounds and an 
effective full load by weight.

Until the foundation was covered with enough RCC to provide a large 
enough and reasonably level working area, RCC was hauled to the stilling 
basin zone with 10-cubic-yard highway end dumps. Near the top of the 
dam, where the width across the spillway area was reduced to as low as 15 
feet, Peterbilt highway belly dumps with 10-cubic-yard capacity were used. 
After the spillway had reached the ogee crest height, the dam was split 
into the north and south nonoverflow sections with no traffic access from 
one side to the other. Off-highway Caterpillar 769 trucks carrying 16 
cubic yards were then used. They had to back out onto the dam, dump, and 
drive off one at a time.

Segregation during and after dumping needed constant attention and 
surveillance but did not represent a serious problem - partly because of 
the attention it was given, partly because the angular aggregate minimized 
segregation, partly because the scrapers did a good job of spreading while 
dumping and the "drop" was minimal, and partly because the dozer operator 
was skillful in his spreading technique. Segregation from belly dumps 
was minimal, but from end dumps it was worse. When segregation occurred, 
it usually was caused by 3-inch aggregate rolling down the edge of a 
freshly spread layer or a dumped pile of RCC, and collecting at the bottom 
of the edge or pile on top of the previously compacted layer of RCC. The 
practice on the job was to remove this rock by hand shovel if it nested 
and would result in a rock pocket. If removed prior to rolling the lift, 
the stone was simply shoveled onto the top of the lift, broadcasting it 
over the surface.

The biggest problem with the hauling vehicles, and one which 
regardless of prompting and persistent reminders was not recognized for 
its seriousness by either inspectors or placing personnel, was maintaining 
the compacted RCC surface in an undisturbed condition. Field personnel 
simply did not appreciate the fact that although RCC looks like embank
ment material during placing, it is concrete and the surface should be 
treated with almost the same respect given to conventional concrete. The 
contract forbade tracking of contamination onto the fill and operating 
equipment in a manner that damaged the surface (specifically tight turns, 
etc.). This was routinely disregarded. Typically, scraper operators 
would make a sharp turn onto the RCC from the haul road while accelerating 
and shifting, and the tires would tear the top surface. With continued 
action for many hours at the same location and complicated by repeated
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rewetting by the water truck, a very thin layer of disturbed damp fine 
material with little or no cementing value would develop. Seldom was 
this cleaned off prior to placing the next layer of RCC. The result was 
a joint with a much poorer integrity, strength, and watertightness than 
could have been achieved. A similar situation occurred when vehicles 
turned to leave the fill onto the haul ramps.

A worse surface scuffing situation occurred each time the access 
ramp at one end or the other of the dam was raised (about once each day 
on an average). When this happened, the scrapers would discharge, make a 
sharp U-turn, drive over the loose RCC, and return across the dam to the 
ramp they had started from.

The worst surface damage was probably done by tracking mud, silt, 
and fine noncementitious debris onto the RCC from the access ramps. This 
was prohibited by specification, but again, both inspection and placing 
personnel refused to appreciate its importance. The result was compac
tion of the subsequent layer of RCC over the contaminated surface of the 
previous layer. The degree of contamination may have been tolerable in 
an embankment structure but the material at the joint interface was of 
little or no cementing value, resulting in a more permeable joint in the 
RCC. The problem became especially bad when the ramps were raised using 
adjacent overburden material consisting of almost all silt. It was not 
as bad when the contractor used 3-inch aggregate or shotrock for at least 
the last 50, feet of the ramp in front of the dam.

Another problem occasionally developed because of hauling equipment 
driving over an RCC mix which had been successfully compacted and that 
would have been quite acceptable if left undisturbed, but which had a 
moisture content slightly too wet. Under these circumstances, repeatedly 
driving over the mix would cause rutting to begin, continuous disturbance 
and redistribution of the aggregate-paste material while it was trying to 
develop initial set and strength, and ultimate pumping of water to the 
surface which subsequently caused a problem with tacking and surface con
tamination. Both the strength of the RCC mass and the integrity of the 
joint were affected.

A routine problem because of traffic on the fill was the result of 
the simultaneous requirement to maintain the surface in a continuously 
moist condition. This was almost exclusively done with a water truck 
continually misting the surface. For various reasons (rain, overwatering 
by the truck operator, mechanical breakdown, winds drying one side of the 
dam faster than the other, etc.) large portions of the compacted RCC 
surface would frequently have free surface water and temporary ponded 
water. This condition would have been acceptable if the surface was not
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mechanically aggravated. However, when hauling equipment drove over the 
surface while it had free surface moisture, a thin layer of muddy paste 
containing some cement resulted. By the time it was covered with the 
next layer of RCC, it frequently went through cycles of wet/dry and was 
periodically disturbed. The result was a joint with little strength and 
with reduced impermeability.

SPREADING

Most rough spreading was accomplished during discharge from the 
scrapers. A Caterpillar D-6 dozer was used for most of the final spread
ing. This consisted of leveling the rough spread material, pushing it 
short distances into tight corners and areas not accessible by the 
scrapers, and spreading piles left by the end-dump trucks. A small Cater
pillar D-3 dozer with angle blade was used initially (about the first 10 
days) until a large enough area and faster production were available for 
the larger dozer. The D-3 dozer was used again in the confined area at 
the top of the dam. A D-8 dozer was tried and found to be too large. It 
lacked maneuverability and caused significant damage to the RCC surface.

All tracked equipment caused some undesirable surface damage when 
crabbing and could cause significant damage by tearing the surface of 
previously compacted RCC if the operator made tight turns or was not 
careful.

As a general rule the dozer minimized damage when always pushing in 
the same direction and turning only on uncompacted material. Attentive 
roller operators usually and quickly rolled out track marks when they did 
occur on an already compacted surface. In future work, street pads or 
worn grousers should be specified for RCC spreading equipment.

Specifications generally prohibited rubber-tired spreading equipment. 
Previous experience has shown that it is easy to spin the tires when 
trying to push any amount of RCC with it and that the slightest slip can 
cause substantial surface damage. During the test fill, a Caterpillar 966 
front-end loader was used for spreading and again demonstrated this 
problem. A motor grader was available at the jobsite primarily to main
tain haul roads. It was kept on the RCC fill during much of the place
ment and occasionally used for trimming, final grading, or to supplement 
other spreading equipment. When used in this capacity, the tires did not 
spin, but it was cumbersome to maneuver and would tear the surface when 
turned in the tight area available.

Grade control for spreading was achieved through use of a laser beam 
and movable target. The placing foreman made periodic checks of grade, 
and with little guidance the operators were able to maintain the lift 
level within a liberal but tolerable tolerance of about plus or minus 2 
inches.
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COMPACT WITH A 10 TON BOMAG DUAL DRUM VIBRATORY ROLLER.

U .  :=>. M K IVI T

SPREAD WITH A D-6 DOZER,

OVERALL VIEW OF THE EQUIPMENT SPREAD. JULY 20, 1982. 
NOTE THE UNDESIRED EQUIPMENT TIRE TRACKS. ALSO NOTE THE 

MINIMAL EQUIPMENT AND PERSONNEL REQUIREMENTS DURING PEAK
PRODUCTION.

NORMAL DUMP, SPREAD, AND ROLL OPERATION 

_______________________________________ PLATE 6.1
C O N T .  NO . V O L .  N O



C O R P S  O F  E N G IN E E R S U. S. A R M Y

DUMPING AND SPREADING AT A REBAR MAT SPREADING AND ROLLING RCC OVER REBAR. 
PLACED AT THE FLOOR OF THE GALLEY.

PLACING RCC BEHIND THE RIGHT 
TRAINING WALL.

WATER TRUCK MISTING THE SURFACE 
TO KEEP THE LIFT SURFACE DAMP.

NARROW WORK AREA NEAR 
THE TOP OF THE DAM.

RCC INTERIOR MIX AFTER SPREADING. 
THE MIX HERE IS SLIGHTLY TOO WET.

DUMP TRUCK USED IN NARROW AREAS PNEUMATIC ROLLER USED IN A TRIAL AREA.
AT THE TOP OF THE DAM.

RCC PLACING OPERATIONS 

____________________ PLATE 6.2
C O N T .  NO. V O L .  NO.



CHAPTER 7

COMPACTION OF ROLLER-COMPACTED CONCRETE

EQUIPMENT AND METHODS

RCC was consolidated into 12-inch lifts using smooth dual steel drum 
vibratory rollers. Because some compaction occurred from hauling and 
spreading equipment prior to the first pass of the vibratory roller, it 
was not possible to determine an accurate difference between the loose 
and compacted layer thickness, but estimates are that about 13 inches of 
loose RCC provided a 12-inch compacted layer.

A minimum of four passes (A to B being one pass and B to A being 
another pass) were provided. The contractor was not required to achieve 
a specified density, but to follow the "method" specifications. Roller 
requirements were:

Drum Width 
Drum Diameter 
Static Weight 
Dynamic Force

Speed
Power to Eccentric Mass 
Frequency

66 inches to 96 inches 
48 inches to 66 inches 
21,000 pounds minimum

350-550 pounds per inch of 
drum width

1.5 mph maximum 
125 horsepower minimum 
1,800 vpm minimum

The contractor used 
capabilities:

two models of roller with the following

Bomag BW 220A DynaPac C50A

Drum Width 
Drum Diameter 
Static Weight 
Dynamic Force 
Speed 
Power 
Frequency 
Amplitude

80 inches 
48 inches 
25,000 pounds 
375 pounds/inch
1.5 mph 
150 horsepower
2,400 vpm 
0.023-0.082 inch

84 inches 
60 inches
29.400 pounds 
429 pounds/inch
1.5 mph
155 horsepower
2.400 vpm 
0.032 inch

As required by contract, two operational rollers (with operators) 
were kef)t on the placement during RCC construction. A third roller was 
kept on standby at the project. This provided more rolling capacity than
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theoretically necessary, but under actual construction conditions was 
appropriate. With all equipment functional and at normal placing rates, 
the rollers were theoretically functional for about 45 percent of the 
time. This allowed for the rollers to comfortably be able to roll the 
mix immediately after spreading. It also allowed for production to con
tinue uninterrupted with just one roller while getting the standby roller 
during times when one of the rollers on the fill broke down. The two 
rollers were also needed so that one roller could finish compaction of a 
lift at one end of the dam while the other roller compacted material 
being placed for the start of the next layer at the other end of the dam.

Compaction was usually accomplished within a few minutes of when the 
material was dumped and spread. Specifications required rolling within 
10 minutes of spreading. In reality it was impractical or impossible to 
get this accomplished in some of the confined depressions of the founda
tion at the start of the job. Occasionally material would be in place as 
long as 25 minutes before being compacted, at which time it could be as 
much as 45 minutes since being batched. In these areas the problem was 
typically one of bringing in small truckloads of material over the irregu
lar foundation terrain, spreading it with a small dozer and by hand, and 
then bringing in both small and large rollers. This very undesirable 
situation occurred until depressions and rough areas in the foundation 
were filled to a level that allowed a reasonably flat, accessible, and 
sizable work area. Fortunately, this condition occurred at the start of 
construction, early in the spring, when temperatures were cool and the 
adverse effects of delays were minimized.

Plates 6.1, 6.2, and 20.1 show compaction with the various pieces of 
equipment at different locations.

Densities achieved and the methods of determining densities are 
discussed in Chapter 10, "Density and Void Space," of this report. In 
general, unit weights on the order of 150 to 155 pounds per cubic foot 
were achieved, and about 98 percent of the compaction occurred within the 
first two or three passes of the roller.

Maintenance of the rollers was an ongoing chore. Hydraulic line 
leaks and occasional ruptures while operating on the RCC required clean
up to remove spilled oil that could act as a bond breaker between lifts. 
Because the compacted surface was very tight and hydrated into a solid 
mass, the rollers were subjected to much harsher pounding and impact than 
occurs on asphalt and softer soil materials. The hardest thing on 
equipment was rolling edges of the RCC, which twisted the rollers at the 
articulated hinge point.
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MODIFIED COMPACTION METHODS

A series of lifts was compacted in portions of the dam using a rubber 
tire (pneumatic) roller, and the rubber tire roller in conjunction with 
the vibratory roller. These trials were made to demonstrate what could 
be achieved with other compaction equipment under production situations. 
The pneumatic roller was a Hyster Model C500A with a gross weight of 15 
tons and a tire pressure of 90 to 100 psi. Adjacent areas of the same 
mix in the same lifts were compacted with the standard four passes of the 
vibratory roller for comparison. The following data summarizes results 
of this work based on nuclear density tests of the freshly compacted mix. 
More conclusive information, including any differences in lift joint 
quality, will be obtained from cores scheduled to be taken from the trial 
areas in the summer of 1983.

Mix Modified Compaction Method
Average
Density

Average Density 
with 4 Passes of 
Vibratory Roller

1 2 Passes-Pneumatic Roller 146.0 pcf 151.7 pcf
1 4 Passes-Pneumatic Roller 149.0 pcf 151.7 pcf
1 6 Passes Pneumatic Roller 151.8 pcf 151.7 pcf

3 2 Passes-Pneumatic Roller 149.4 pcf 152.8 pcf
o0 4 Passes-Pneumatic Roller 151.9 pcf 152.8 pcf
3 6 Passes-Pneumatic Roller 153.5 pcf 152.8 pcf

3 4
. +

Passes-Pneumatic 
1 Pass-Vibratory

Roller
Roller 151.4 pcf 153.2 pcf

3 6
. +

Passes-Pneumatic 
1 Pass-Vibratory

Roller
Roller 144.8 pcf 153.4 pcf

3 6 Passes-Pneumatic Roller 151.8 pcf 154.0 pcf

HAND COMPACTION

Small areas which could not be effectively accessed or maneuvered on 
by the large rollers were compacted with walk-behind rollers and "pogo- 
stick" tampers. The same equipment was used for the following situations: 
to provide compaction of RCC around the perimeter of each lift where it 
contacted the foundation rock, immediately behind the precast upstream 
face and spillway wall panels, and along a 3-foot-wide zone of the 
downstream face so that the large rollers would not be exposed to the 
safety hazard of operating at the edge.
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The contractor was required to have walk-behind rollers producing a 
dynamic force of 150 pounds per inch of drum width for double drum 
rollers and 300 pounds per inch of drum width for single drum rollers. 
Tampers were required to produce a force per blow of at least 1,900 
pounds. The contractor used Mikasa Model NDR-90 dual drum walk-behind 
rollers having 155 pounds of dynamic force per inch of drum width and 
Model N7R-120N tampers with 3,510 pounds of force per impact blow.

COMPACTION METER

The compaction meter is a relatively new device which can indicate 
to the roller operator the relative density of the material directly 
below the roller drum as it is operating. The contract required each 
roller to be equipped with a compaction meter, and intended that they be 
used as a tool to help determine where high and low density was being 
achieved. Experience at Willow Creek showed that the meter is suited to 
use with noncementitious deep fills of a fairly uniform moisture content, 
but it is not applicable to roller compacted concrete.

The compaction meter is an onboard instrument which provides a digi
tal LED readout to the operator. A number such as "25" or "53" is dis
played which increases with increasing density and compaction. The 
readout value can be related back to a density value for any given 
material. The methodology of the equipment is that it uses the response 
of the vibratory drum to the material being compacted, specifically the 
fundamental frequency and first harmonic. Quite simply, if the drum 
vibrates on an uncompacted, soft, and loose material the readout is low. 
As the material becomes compacted and tight, the value increases.

The problem with RCC is that the response includes reaction of 
materials below the first lift. Usually that material would be more than 
12 hours old and would have hydrated into a hard mass regardless of 
density. Similarly, a lift surface which may have low density but is 
maturing through hydration will be getting hard and show a misleading 
high digital readout. At Willow Creek, meter readings could not be 
correlated with density. The readings were really indicating some com
posite value of the hardness of the mass below the roller, not 
necessarily the density.

Experience at Willow Creek also showed that each meter should be 
installed and calibrated by knowledgeable factory representatives. 
Unfortunately, assistance from suppliers of the meters was not punctual.
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CHAPTER 8

CORES

A major coring program will be completed during 1982. This effort 
will carefully and systematically retrieve cores for evaluation as 
discussed in Chapter 24, "Future Evaluations and Testing."

During construction of the dam, drain holes were required as a part 
of design in the stilling basin and spillway area. In order to get a 
preliminary indication of the in-place quality of concrete being achieved, 
some of these holes were drilled by coring with a 6-inch nominal size 
barrel. Most of these were short holes in the stilling basin (mix 4) but 
some were longer holes going from the spillway face through the lean 
interior mix (mix 1) to the foundation. The holes crossed lift or layer 
joints at different angles depending on the hole inclination.

Compressive strengths of the cores are discussed in Chapter 9, "Test 
Cylinders and Compressive Strength Results." Plates 8.1 through 8.5 show 
typical core photos including good and bad results. Some of the core, as 
can obviously be seen in the photos for hole E-16, was distinctly and 
severely damaged by drill technique and equipment. In this hole the core 
catcher did not retract. It tore up and broke apart the core. At other 
times, the drillers were observed removing the core from the barrel with 
a sledgehammer. Whether all instances of poor core recovery were the 
result of bad equipment and practice is unknown. There probably also 
were cases of poorly consolidated material at lift joints, and of segre
gation which would have resulted in poor core recovery. At any rate, the 
upcoming core program using 9-inch nominal size barrels will be closely 
inspected and provide accurate information. As evidenced in the photos, 
there typically are examples of excellent core recovery. Also, every 
concrete/foundation rock zone drilled showed excellent contact.
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RCC CO RES I

PLATE 8.1

JOINT JOINTS

SECTION OF CORE LATER BROKEN AT JOINTS TO FIT INTO BOX.

FOUNDATION ROCK — J

_ JOINT

REBAR 2 INCHES ABOVE JOINT. 
NO BEDDING MIX.

HOLE D-34 DRILLED AT AN ANGLE IN THE STILLING BASIN. 
DRILL EQUIPMENT WAS OPERATING PROPERLY. ZERO 
CORE LOSS. ALL BREAKS IN THE CORE WERE 
DELIBERATELY FORCED DURING DRILLING AND HANDLING 
TO OBTAIN PIECES THAT ARE OF A SMALLER SIZE FOR 
STORAGE/TESTING.

- JOINT SEPARATED DURING HANDLING.

-JOINT

V A L U E  E N G I N E E R I N G  PAYS CONT. NO. VOL. N O .



C O R P S  O F  E N G IN E E R S M  S A F E T Y  PAYS  M U. S. A R M Y

BOTTOM OF HOLE E-30
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CONVENTIONAL CONCRETE BEDDING BETWEEN 
FOUNDATION ROCK AND THE FIRST LAYER OF RCC.

RCC CORES I I  

________PLATE R P
V A L U E  E N G I N E E R I N G  PAYS CONT. NO. VOL. NO.



C O R P S  O F  E N G IN E E R S fe| SAFE TY PAYS M U. S. A R M Y1

RCC BEDDING

GROUT IN A VERTICAL STILLING BASIN ANCHOR BAR HOLE.

SEGMENTS OF HORIZONTAL REBAR AND VERTICAL ANCHOR BAR AT THE BEND. 

THIN LAYER OF CONVENTIONAL BEDDING AT AN UNPLANNED COLD JOINT.

RCC BEDDING

HORIZONTAL REINFORCING STEEL

L RCC BEDDING

RCC CORES III 

______ PLATE 8.3
VAIfUE E N G I N E E R I N G  PAYS C O N T. NO. V O L . N O .



C O R P S  O F  E N G IN E E R S M S A F E T Y  PAYS  M U. S. A R M Y

OBVIOUS CIRCUMFERENTIAL SCORE MARKS FROM 
MALFUNCTIONING DRILL EQUIPMENT/OPERATIONS.
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MORE SCORING AND DRILL EQUIPMENT 
DAMAGE IS EVIDENT.

CORE E-16 WAS DRILLED WHEN THE EQUIPMENT 
WAS NOT FUNCTIONING PROPERLY AND INSPECTION 
DID NOT REQUIRE CORRECTION OF THE PROBLEM. 
THE CORE CATCHER DID NOT RETRACT AND DEBRIS 
CHURNED AROUND WITHIN THE INNER CORE BARREL. 
ALSO, SOME CORE WAS REMOVED BY HAMMERING 
IT OUT OF THE BARREL AND WITH A PRY BAR.
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SEGMENT REMOVED BY HAMMER. NOTE
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SCORING OF UPPER CORE HAD BOUND-UP 
WITHIN THE BARREL.

■ .............................: ; ' ■ ■ ;

RCC CORES IV 

_______PLATE 8.4
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HORIZONTAL REBAR 2 INCHES ABOVE JOINT. 
NO BEDDING MIX USED IN THIS LOCATION.

-------CORE A-32

CORE A-6_

DRILLERS FAILED TO RETRIEVE 0.7 FEET OF CORE MATERIAL.

p l o w  citiìiiK  m A M  *
ltox z. oi

M**i*th J * *- ro .7.0 «iiirfaf

*•. 0 .X e.

BBÉM1

RCC BONDED TO DENTAL CONCRETE BY A THIN 
LAYER OF CONVENTIONAL CONCRETE BEDDING.

DENTAL CONCRETE

FOUNDATION ROCK

RCC CORES V

PLATE 8.5
V A L U E  E N G I N E E R I N G  P A Y S CONT. NO. VOL. N O .



CHAPTER 9

TEST CYLINDERS AND COMPRESSIVE STRENGTH RESULTS 

METHODS OF MAKING CYLINDERS

Two sizes and two methods of making test cylinders were used. The
majority of cylinders were the standard 6- x 12-inch size made from 
material sieved over a 2-inch screen. Companion 9- x 18-inch cylinders 
were made with the full mix for every sixth set of 6- x 12-inch cylinders 
for each mix design. Plate 9.1 shows compaction of test cylinders.

Rigid molds were used for all RCC mixes. A very large number of the 
heavy rigid molds would have been necessary but a contractor value engi
neering proposal was adopted which used plastic liners inside split rigid 
molds for the 6- x 12-inch cylinders. After compaction, the rigid split 
mold was opened (by removing the retaining ring and separating the mold 
longitudinally into two halves) and the liner with compacted mix was 
removed. The rigid molds were then reassembled and reused with new 
liners. A savings of about $5,000 was realized with the use of the 
reusable molds.

Cylinders were made by compaction with a pneumatic pole tamper and 
also by vibration on a modified vebee table. The pole tamper was used 
for both 6- x 12-inch and 9- x 18-inch cylinders. The vebee was used for 
6- x 12-inch cylinders only since it cannot be adapted to the larger 
size.

Of these techniques, compaction by tamping in 6- x 12-inch cylinders 
was the most practical method and gave results that, at this point, appear 
to best represent material compacted in the dam. However, none of the 
procedures thoroughly consolidated the cylinders. In all cases, voids 
were typically found around the perimeter of the cylinder and a lift line 
between the three layers that went into the mold were prominent. Fully 
compacted cylinders of RCC without voids at the perimeter could be 
achieved only when the mix was too wet, i.e., wetter than would be of 
practical use in construction and that would support the weight of a 
vibratory roller.

The problem of compaction was complicated by the fact that by the 
time the mix was obtained, brought to the laboratory, screened, placed in 
the molds, and compacted in three lifts, it hydrated and dried somewhat. 
All reasonable efforts were made to minimize hydration and drying.
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Future work should also pay particular attention to this but it cannot be 
eliminated. The mix was obtained from the dam by using a loader to scoop 
up a sample immediately after being dumped. The reason for taking the 
sample from the dam instead of the batch plant is discussed in Chapter 5, 
"Roller-Compacted Concrete Production and Plant Capacity." Approximately 
1/2-cubic yard was dumped into a pickup truck bed and brought directly to 
the laboratory. It was covered with wet burlap and all work was done 
inside the covered laboratory. The length of time from when a mix was 
batched until all cylinders from it were made usually was about 1 hour 
for the 3-inch aggregate mixes and slightly less for the 3/4-inch and 
1-1/2-inch aggregate mix. Occasionally it would take well over an hour 
to make the cylinders and a few sets were finished after about 2 hours. 
This delay is certainly undesirable if conventional concrete is used but 
it is even more important for RCC because just a slight loss of moisture 
from optimum causes a great loss of compactibility.

The compactor was a pneumatic pole tamper designed for compaction 
around fenceposts and telephone poles. A standby compactor and spare 
seals are necessary laboratory equipment. The foot of the compactor fit 
easily within the 6-inch mold with about 1/4-inch clearance. The mold 
was filled in three layers, each layer being compacted separately. The 
exact number of blows per layer and the different techniques of the dif
ferent technicians doing the work was found not to be critical to making 
the cylinders. Compaction instructions do not need to be anymore compli
cated than: (1) work as fast as possible, minimizing the amount of drying
and hydration, and (2) compact each layer until the material begins to 
rebound up around the compactor foot. In the field, compaction reached 
nearly 100 percent and simply did not result in less than about 
0.2-percent to 1.2-percent voids regardless of additional compactive 
effort. The laboratory pole compactor achieved similar compaction 
(except for the void space around the perimeter of the molds) at which 
time material would rebound out from the mold and additional compaction 
had no significant effect.

The modified vebee apparatus is only suited to mixes that contain 
more water, paste, and/or mortar than would be used in practical field 
mixes. At the moisture content and gradation typically used at Willow 
Creek, a well-compacted cylinder could not be obtained with the vebee 
equipment. The procedure consisted of vibrating the mix into the 
cylinder mold on the vebee table while simultaneously pushing the mix 
down with a rigid 20-pound surcharge weight the diameter of the mold. 
The actual surcharge effort was significantly higher because the operators 
pushed down with a kneading action on the handle of the weight during 
consolidation.
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Ideally, compaction would be by the pole tamper while the rigid 
cylinders are securely anchored to a large vibrating table. This would 
simulate the action of a vibratory roller as used in the field. The pro
cedure would be expensive and probably would not give significantly dif
ferent results than from pole compaction without vibration, but it should 
be investigated on a future project.

FREQUENCY OF TESTING

A basic set of guidelines was established for the frequency of 
making RCC cylinders. Because the project was the first of its type, and 
because records complete enough to allow various evaluation studies were 
needed, the frequency of testing was higher than ordinarily would have 
been necessary. On a normal production project where significant post
construction studies are not anticipated, the frequency of testing could 
be decreased after stable production is established.

At Willow Creek, the following general guidelines for testing fre
quency were followed with supplemental tests when changes in ash source, 
admixtures, etc., were tried. During initial production, a set of 6- x 
12-inch cylinders was made for every 2,000 cubic yards or three shifts of 
placement (whichever occurred last) for each mix used. Each set of 
cylinders included two samples for each age to be tested. After the 
first 16,000 cubic yards of each mix were placed, the frequency of testing 
was reduced to one set of each mix for every 12 shifts of production. 
Every sixth set of cylinders for each mix included a companion set of 9- 
x 18-inch cylinders with two cylinders of each size to be tested at ages 
of 3, 7, 14, 28, 90, 180, and 365 days. When only 6- x 12-inch cylinders 
were*made and the companion set was not required, only two cylinders were 
made for testing at each age of 7 and 28 days.

COMPRESSIVE STRENGTH RESULTS

A computer program was established to keep track of compressive 
cylinder test results. As data became available it was routinely inputted 
to the computer, and the summary of test results was automatically 
updated. Data for later age strengths are still being received and the 
summary will continue to be updated. The final update of this concrete 
report scheduled for publication in October 1983 will include all data to 
be obtained for the project. As of February 1983, approximately 2,500 
cylinder strengths had been recorded. Along with strengths, the unit 
weights, vebee time (when applicable), temperature of the mix, cement 
content as determined by CQM, and water content as determined by CQM were 
also recorded for each set of cylinders.
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The program allows for listing of all data of each mix by date made, 
but its main purpose was to provide the summary sheets shown in Exhibit 
9.1; This summary shows average strengths, average unit weights, average 
cement and water contents, and the number of tests for each mix at each 
age and for each cylinder size. It also separates cylinders by the 
method of compaction and shows averages when all cylinders of all sizes 
and methods of compaction are combined for each mix and age. In addi
tion the summary shows if trends developed, such as increasing or decreas
ing strengths with time, by comparing results of the last 10 and 25 sets 
of tests to all test results.

Plates 9.2 through 9.13 show the graphical relationship between age 
and strength for each mix and cylinder size when compaction was by 
tamping. A number of important observations are evident:

(1) For all mixes and ages, the 9- x 18-inch cylinders gave 
significantly less strength than the 6- x 12-inch cylinders.

(2) There was very little strength benefit from the fly ash 
(compare the 175+80 to the 175+00 mixes).

(3) For all mixes and each cylinder size, the average test 
strength followed a very predictable pattern of strengths versus age. 
The points defined a very clear graphical line.

(4) Predicted strengths based on initial laboratory mix 
designs compare well with cylinder strengths achieved during construction.

(5) For all mixes and each cylinder size, the rate of strength 
gain with time was considerably higher than normally would be expected 
with conventional concrete.

(6) Mixes made with Class C fly ash had similar strengths to 
mixes made with Class F ash until an age of about 2 to 3 months, at which 
time it consistently showed a tremendously increased strength. This is 
discussed further in Chapter 2, "Cement and Fly Ash."

(7) Water-reducing admixtures had no effect on strength. This 
is discussed further in Chapter 12, "Admixtures."

The fact that the rolled concrete mixes produced such high strengths 
for the relatively low cement factors has raised questions about whether 
this was due to the aggregate, cement, fly ash, or the fact that rolled 
concrete is simply more efficient. To find out, aggregate, cement, and 
fly ash from the job were sent to the Division laboratory and used to
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make a quality conventional concrete mix. The aggregate was processed 
to clean it, wash it, and improve the gradation so that it met ideal
requirements for conventional mass concrete. Water-reducing and air- 
entraining admixtures were included at optimum recommended dosages, and
the mix was batched to a low slump but workable mix - idealized conditions 
for quality conventional mass concrete. The results are shown graphically 
on Plate 9.14. The rolled concrete mix consistently gave substantially 
higher strengths than the conventional mix at the same cement and ash 
content. Also shown in the graph is the interesting fact that higher RCC
strength was achieved by increasing the amount of silt (nonplastic
natural fines) in the aggregate.

As discussed in Chapter 24, "Future Evaluations and Concrete Testing," 
a major drilling program to obtain large diameter in-place cores and com
pare their strengths to the strengths predicted by laboratory cylinders 
will be conducted in the summer of 1983. Limited data on 6-inch cores 
from the 315+135 mix used in the stilling basin has been obtained. When 
compared to strengths of tamped 6- x 12-inch cylinders made from the mix 
that went into the placement, the cores had average strengths signifi
cantly higher. This data is very promising but should be used with 
caution until additional data is obtained.

♦Cores were obtained at an age ranging from about 6 weeks to 
3 months. The cores were stored in a dry environment with 
varying temperatures down to near freezing until testing. 
The estimated average effective cure for these cores at 72° F 
is 75 days.

Higher strengths for the in-place material were expected and did 
occur. The mix was placed and compacted much faster and more effectively 
in the field than could be accomplished in the laboratory and the compac- 
tive effort was much greater in the field. Also, as discussed earlier, 
cylinders cannot be effectively filled with compacted RCC mix. This 
resulted in voids and rock pockets at the perimeter of the cylinders and 
an effective cross sectional area less than 28.27 square inches which 
corresponds to the full area of a 6-inch cylinder. The full theoretical 
area was used in the computation of compressive strengths for the cylin
ders. On the other hand, the cores were solid RCC throughout their

Strength Unit Weight Age 
(psi) (pcf) (days)

Cores (average of 25) 
Cyli nders 
Cyli nders

3,948
2,193
2,640

153.0
151.0 
148.3

75*
28
90
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interior section. Regardless of the method of fabrication, it appears 
safe to say that in-place compressive strengths of RCC will be greater 
than predicted by laboratory prepared samples of the same mix. Another 
influencing factor is the elevated temperature of mass RCC (because of 
heat of hydration) which should accelerate initial strength gains.

Table 9.1 compares the average strengths of 6- x 12-inch cylinders 
made by tamping and by the modified vebee. For all mixes at all ages 
there was a very significant decrease in strength when the vebee method 
was used. As recommended elsewhere in this report as well as here, the 
vebee method is not recommended for future projects. As an overall 
weighted average, the 3-inch maximum size aggregate mixes (made with the 
2-inch minus fraction) gave 40 percent less strengths than the tamped 
cylinders. The 1-1/2-inch maximum size aggregate mix gave better but 
still not good results with an 11 percent difference.

The consistently lower strength of the 9- x 18-inch cylinders as 
compared to the 6- x 12-inch cylinders when both were made by tamping was 
similarly analyzed. The data are summarized in Table 9.2. For all mixes 
at all ages there was a significant decrease in strength for the 9- x 18- 
inch cylinders. The 3-inch maximum aggregate size mixes gave an overall 
average strength in the 9- x 18-inch molds that was 24 percent less than 
for the same mixes in 6- x 12-inch molds. The mix with 1-1/2-inch aggre
gate gave strengths that averaged 10 percent less in the larger molds.

The explanation for the lower strength of the larger cylinder size 
as well as for the vebee manufactured test specimens is that they could 
not be consolidated as well as the tamped 6- x 12-inch test specimens. 
This was very evident in the appearance of the cylinders. The cores which 
typically gave the highest strength also visually had the least voids. 
Density data for the cylinders are given in Table 10.1 and are discussed 
in detail in Chapter 10, "Density and Void Space." It was noted that 
project cylinders with lower strengths not only visually had more voids 
but, in fact, also had lower measured density.

Additional laboratory tests were then run to establish the relation
ship between density and strength. Graphical results are shown on Plate 
9.15. Within a wide range of possible densities, an increase of each pcf 
resulted in an increase of 100 psi at 28 days. The results can broadly 
be interpreted to show a definite need to obtain good and consistent com-

to develop good and consistent strengths. However, 
attainable typical density range of say 151 to 155 pcf,

paction in order 
within the easily
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strength variability would be a very acceptable 10 percent. This indi
cates that from a compressive strength standpoint, compaction and density 
are not critical items requiring overattention during construction. Also 
indicated is that the considerable extra effort that would be required to 
go from say 154 pcf to 155 pcf would result in only a marginal strength 
gain of about 1 percent. When considering the fact that the RCC mixes 
had much more compressive strength than required for design, extra com
paction was of little benefit. In fact, adequate strength was probably 
achieved after only one or two passes of the roller. It should be noted 
that although it was not needed for compressive strength, additional com
paction may have been valuable to improving joint integrity and shear 
strength.

Because of the new methods of manufacturing test specimens, lower 
strengths were anticipated for the earlier cylinders while technicians 
oecame familiar with the equipment and developed efficient methods of 
obtaining and handling the sample material. There was a definite improve
ment during the first week or so of cylinder manufacturing, both from a 
visual standpoint and from the test results. After each technician had 
made several sets of cylinders he was competent, proficient, and 
consistent.
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TABLE 9.1

COMPARISON OF STRENGTH FOR 
VEBEE VERSUS TAMPED CYLINDERS



TABLE 9.1

Mix No. 1

Age

Avg. Strength 
6x12 Vebee 

(psi)

Avg. Strength 
6x12 Tamped 

(psi)
Difference
(percent)

3 226 419 46
7 423 580 27
14 489 792 38
28 677 1,172 42
90 915 1,689 46
180 690 2,295 70
365 — — „

Age

Avg. Strength 
6x12 Vebee 

(psi)

Mix No. 2

Avg. Strength 
6x12 Tamped 

(psi)
Difference
(percent)

3 0 656 «...

7 560 997 44
14 727 1,381 47
28 850 1,839 54
90 1,320 2,668 51
180 — 3,872 —

365 — — —

TABLE 9.1 
Sheet 1 of 2



TABLE 9.1 (continued)

Mix No. 3

Avg. Strength Avg. Strength
6x12 Vebee 6x12 Tamped Difference

Age (psi) (psi) (percent)

3 632 789 20
7 826 1,147 28
14 902 1,564 42
28 1,648 2,073 21
90 2,090 3,020 31
180 2,177 2,987 27
365 — — —

Mix No. 4

Avg. Strength Avg. Strength
6x12 Vebee 6x12 Tamped Difference

Age (psi) (psi) (percent)

3 1,347 1,384 3
7 2,137 2,033 5
14 2,440 2,636 7
28 2,833 3,423 17
90 4,050 4,511 10
180 2,923 4,522 35
365 — — —

TABLE 9.1 
Sheet 2 of 2



TABLE 9.2

COMPARISON OF STRENGTH FOR 
6- x 12-INCH VERSUS 9- x 18-INCH CYLINDERS



Ml
3
7
14
28
90
180
365

Ml
3
7
14
28
90
180
365

TABLE 9.2

Mix No. 1

Avg. Strength 
6x12 Tamped 

(psi)

Avg. Strength 
9x18 Tamped

(psi)
Difference
(percent)

419 383 8.6
580 501 13.7
792 669 15.5

1,172 781 33.4
1,689 1,185 29.8
2,295 1,712 25.4

— — —

Average 21.1

Mix No. 2

Avg. Strength 
6x12 Tamped 

(psi)

Avg. Strength 
9x18 Tamped 

(psi)
Differer 
(percei

656 566 13.7
997 730 26.8

1,381 987 28.5
1,839 1,317 28.4
2,669 2,031 23.9

Average 24.3

TABLE 9.2 
Sheet 1 of 2



TABLE 9.2 (continued)

Mix No. 3

Age

Avg. Strength 
6x12 Tamped 

(psi)

Avg. Strength 
9x18 Tamped 

(psi)
Différer
(percer

.  ¿7 .. ■■

3 789 554 29.8
7 1,147 869 24.2
14 1,564 1,130 27.8
28 2,073 1,525 26.4
90 3,020 2,195 27.3
180 — — —

365

Mix No. 4

Average 27.1

Ml
3

Avg. Strength 
6x12 Tamped 

(psi)

Avg. Strength 
9x18 Tamped 

( ps i )  ......
Differei
(percei

1,384 1,359 1.8
7 2,033 1,793 11.8
14 2,636 2,246 14.8
28 3,423 2,889 15.6
90 4,511 4,185 7.2
180 — — —

365 — — —
Average 10.2

TABLE 9.2 
Sheet 2 of 2



C O R P S  O F  E N G IN E E R S l_ l . O .  A A n  IVI

PRESSURE TEST FOR AIR CONTENT.

COMPACTION OF 9 x 18 AND 6 x 12 
CYLINDERS WITH THE TAMPER.

COMPACTION OF 9 x 18 
CYLINDERS BY TAMPING.

MODIFIED VEBE. COMPACTING RCC IN THE AIR POT.

WASHING AN RCC SAMPLE FOR 
COM TESTS.

COM TESTING WITH THE CALCIUM AND 
CHLORIDE METERS.

WASHING COARSE AGGREGATE FOR MIXER 
PROFICIENCY TESTS.

SIEVING AGGREGATE FOR MIXER 
PROFICIENCY TESTS.

FIELD LAB TESTING

___________ PLATE 9.1
CONT. NO. VOL. NO.
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EXHIBIT 9.1

COMPRESSIVE CYLINDER DATA SUMMARIES

The data is listed according to mix 
design and, within each mix, also by 
the age of test. Data shown here is 
current through February 1983. The 
October 1983 update will include the 
data for all cylinders and all breaks 
through 1-year age.



CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACH68-82-C-0018 MIX i: 80+32

ALL Sl TS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
( P S D U )

5X18 TAMPED 11 343. 143. 41*67
6*1 2 TAMPED 48 419. 108. 25.67
6X12 VLB E 5 226. 55. 24.36

ALL 64 391. 123. 31* 57

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
( P S D (%l

9X18 TAMPED 3 212. 123. 58.07
6X12 TAMPED 22 425. 106* 24*89
6X12 VEBE 0 0. 0« 0*00

ALL 25 399. 127. 31*72

LAST 10 OR LESS SETS STRENGTH OATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
( P S D (XI

9X18 TAMPED 1 70. 0* 0.00
6X12 TAMPED 9 433. 133. 30.82
6X12 VEBE 0 0. 0* 0.0 0

ALL 10 397. 170. 42.93

SHEET l

DAY 3
MSA=3.0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
(LB/CYI € LB/CYI (LB/CYI

9 85. 213. 11 151.4
38 78. 214. 46 153.7
3 74. 215. 4 143.4

50 79. 214. 61 152.6

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AWE» SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
(L8/CYI ( LB/CYI (LB/CYI

3 93. 202. 3 144.6
20 81. 203. 21 152.5
0 0. 8. 0 0.0

23 S3. 203. 24 151.5

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
(LB/CYI (LB/CYI (LB/CYI

1 58. 189. 1 146*8
9 70. 215. 8 153.7
0 0. 0. 0 0*0

10 69. 212. 9 152.8

EXHIBIT 9.1 
Sheet 1 of 41



CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK OAM DACW68-82-C-0018 MIX lì 80*32

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) <%>

9X18 TAMPED 11 501. 187. 37.36
6X12 TAMPED 49 580. 167. 28.74
6X12 VEBE 6 423. 123. 29.03

ALL 66 552. 172. 31.14

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
C CLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) C%)

9X18 TAMPED 3 338. 25. 7.29
6X12 TAMPED 22 606. 159. 26.28
6X12 VEBE 0 0. 0. 0.0 0

ALL 25 574. 174. 30.25

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) C%)

9X18 TAMPED 1 350. 0. 0.00
6X12 TAMPED 9 603. 211. 35.00
6X12 VE8E 0 0. 0. 0.00

ALL 10 578. 215. 37.13

SHEET

DAY 7
MSA=3.0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT VATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) C LB/CY) CLB/CY)

9 85. 213. 11 151.8
39 78. 215. 46 153.8
5 78. 235. 6 146.0

53 79. 217. 63 152.7

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUM8ER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY) CLB/CY)

3 93. 202. 3 146.8
2Ö 81. 203. 21 152.1
0 0. 0. 0 8.8

23 83. 203. 24 151.4

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY) CLB/CY)

1 58. 189. 1 150.5
9 70. 215. 8 152.8
0 0. 0. 0 0.8

10 69. 212. 9 152.5

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
ylLLOW CREEK DAM DACW68-82-C-Q018 MIX 12 80*32

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 11
6*12 TAMPED 48
6X12 VEBE 7

ALL 66

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 3
6X12 TAMPED 22
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 9
6X12 VEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSII <%!
669. 191. 28.58
792. 197. 24.81
489. 144. 29.48
740. 212. 28.73

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSII C%!
708. 269. 37.96
820. 217. 26.52

0. 0. 0.00
806. 221. 27.38

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSII CXI
740. 0. 0.00
836. 330. 39.44

0. 0. 0.00
827. 312. 37.80

UNIT WEIGHTSCONCRETE QUALITY MONITOR

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
€ L8/CYI CLB/CYI CLB/CYI

9 85. 213. 10 150.9
39 78. 215. 48 153.3
5 76. 249. 7 143.9
53 79. 218. 65 151.9

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

3 93. 202. 3 143.8
21 80. 206. 22 151.5
0 0. 8. 0 0.8

24 81. 206. 25 150.6

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET A V E . SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CYI CLB/CYI

1 58. 189. 1 144.5
9 70. 215. 9 151.6
0 0. 0. 0 0.0

10 69. 212. 10 150.9

EXHIBIT 9.1 
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c o n c r e t e; c o m p r e s s i o n  t e s t s

PROJ£CI CONTRACT MIX
WILLOW CREEK UAH OACU68-82-C-0018 HIX i: 80*32

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD CCEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI1 <%)

9X18 TAMPED 10 781. 258. 33.08
6X12 TAMPED 47 1172. 327. 27.88
6X12 VEBE 8 677. 216. 31.88

ALL 65 1051. 362. 34.42

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD CÖEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) i%ì

9X18 TAMPED 3 545. 49. 9.04
6X12 TAMPED 22 1133. 323. 28.54
6X12 VEBE 0 0. Q* 0.00

ALL 25 1063. 360. 33.90

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
c p s n iti

9X18 TAMPED 1 505. 0. 0.00
6X12 TAMPED 9 1088. 479. 44.00
6X12 VEBE 0 0. 0. 0.00

ALL 10 1029. 487. 47.35

SHEET 4

DAY 28
MSA=3.0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
< LB/CY) €LB/CY) CLB/CY)

8 86. 216. 9 150.2
38 78. 215. 46 153.7
6 79. 240. 8 142.8
52 79. 218. 63 151.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
ILB/CYI €LB/CY) CL8/CY)

3 93. 202. 3 143.6
21 80 * 206. 21 151.6
0 0. 9. 9 0.0

24 81. 296. 24 159.6

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF 
CYLINDER 

SETS

1
9
Q

10

AVE. SET 
CEMENT 
CONTENT 
ILB/CYl 
58*
70*
0.

69.

AVE. SET 
«ATER 

CONTENT 
€ LB/CY) 
189* 
215.

0.
212*

NUMBER OF 
CYLINDER 
SETS

1
9
0

10

AVERAGE 
SET UNIT 
WEIGHT 

C LB/CY) 
148*2 
151.5 

0.0 
151.2

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACW68-82-C-0018 MIK l: 80+32

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATICN
CPSII C%>

5X16 TAMPED 10 1185. 455. 38.40
6X12 TAMPED 45 1689. 394. 23.33
6X12 VEBE 8 915. 330. 36.08

ALL 63 1511. 489. 32.33

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII €%>

9X16 TAMPED 4 830. 148. 17.79
6X12 TAMPED 21 1643. 338. 20.55
6X12 VEBE 0 0. 0. 0.00

ALL 25 1513. 436. 28.83

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII CXI

9X18 TAMPED 1 740. 0. 0.00
6X12 TAMPED 9 1514. 452. 29.83
6X12 VEBE 0 0. 0. 0.00

ALL 10 1437. 491. 34.18

SHEET

DAY 90
MSA=3.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CYI CLB/CYI CLB/CYI

8 86. 216. 5 146.9
35 78. 214. 26 150.5
5 79. 234. 1 154.4

48 79. 216. 32 150*8

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF 
CYLINDER 

SETS

4
19

0
23

AVE. SET 
CEMENT 
CONTENT 
CLB/CYI 
91.
81*

0 *

S3*

AVE. SET 
«A TER 

CONTENT 
CLB/CYI 
208. 
205.

0.
205*

NUMBER OF 
CYLINDER
SETS

4
21
0

25

AVERAGE 
SET UNIT 
«EIGHT 

CLB/CYI
144.9
149.9 

0*0
149.1

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUM8ER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CYI CLB/CYI CLB/CYI

1 58* 189. 1 149*0
9 75. 216. 9 148*6
0 0. 0. 0 0.0

10 74. 214. 10 148.6

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PRÇJt-CT CONTRACT MIX
VILLO« CREEK OAM DACU68-32-C-0018 MIX l: 80 + 32

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 3
6X12 TAMPED 9
6X12 VEBE 2

ALL 14

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 3
6X12 TAMPED 9
6X12 VEBE 2

ALL 14

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAHPEO 7
6X12 VEBE 2

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI1 CXI
1712. 1022* 59.69
2295* 786* 34.27
690. 339* 49.19

1941. 943. 43.60

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI> CXI
1712. 1022. 59.69
2295. 786. 34.27
690. 339. 49.19
1941. 943. 48.60

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI
1300. 0. Û.OG
2131. 739. 34.69
690. 339. 49.19

1760. 873. 49.61

SHEET
DAY 180

MSA=3.0

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF 
CYLINDER 

SETS

0
1
0
1

AVE* SET 
CEMENT 
CONTENT 
CLB/CYI 

8»
77 *

0*
77*

AVE* SET 
WATER 

CONTENT 
C LB/CY1 

0 *  

241*
0 *

241*

NUMBER OF 
CYLINDER 
SETS

3
9
2

14

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CYI 
151*6
154.1 
137*0
151.1

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT MATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0. 0. 3 151.6
1 77. 241. .........9 ' 154.1
0 8. 0. 2 137.0
1 77. 241. 14 151.1

CONCRETE QUALITY MONITOR UNIT UEI6HTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CYI CLB/CYI CLB/CYI

0 O. 0. 1 151.1
1 77. 241. 7 153.9
0 0. 0. 2 137.0
1 77. 241. 10 150.2

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
MILLO« CREEK OAM DACW68-82-C-0018 MIX 12 80+32

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VEBE 0

ALL 0

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VEBE 0

ALL 0

LAST 10 OR LESS SETS

NUMBER OF 
CYLINOER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VEBE 0

ALL 0

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSII CXI

0« 0* 0.00
0« 0« 0*00
0« 0* 0.00
0* 0* 0*00

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF *
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSI) (XI

0« 0* 0.00
0« 0« 0.00
0« 0 * 0.00
0* 0. 0.00

STRENGTH DATA ANALYSIS

AVERAGE STANDARO COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSII CXI

0« 0. 0*00
0* 0« 0*00
0* 0* 0*00
0« 0. 0.00

SHEET /

DAY 365
MSA=3 *0

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF 
CYLINDER 

SETS

0
0
0
0

AVE. SET 
CEMENT 
CONTENT 
(LB/CYI 

0«
0*
0«
0«

AVE« SET 
MATER 

CONTENT 
CLB/CYI 

0.
0 *
0 «

0 «

NUMBER OF 
CYLINDER 
SETS

0
0
0
0

AVERAGE 
SET UNIT 
«EIGHT 

CLB/CYI 
0.0 
0*0 
0*0 
9*0

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE* SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT MATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS MEIGHT
CLB/CYI CLB/CYI (LB/CY 1

0 0* Q. 0 0*0
0 0. 0* 0 0*0
0 0 • 0. 0 0.0
0 0* 0* 0 0*9

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE« SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT

0
CLB/CYI

0*
CLB/CYI

0* 0
CLB/CYI

0*9
0 0« 0* 0 0*0
0 0. 0* 0 0*9
0 0. 0« 0 0*9

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
«ILLO« CREEK DAM ÖACU68-82-C-0018 MIX 22 175+00

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 9
6X12 TAMPED 49
6X12 VEBE 0

ALL 58

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 3
6X12 TAMPED 22
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 9
6X12 VEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSU CX>
566* 228* 40.31
656* 196. 29.80

0« 0 * 0.00
642* 201* 31.38

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSII (X)
412. 113. 27*55
686. 157. 22.84

0. 0. 0.00
653. 176. 26.88

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) (X)
540. 0« 0.09
730. 172. 23.61

0. 0. 0.00
711. 173. 24.36

SHEET 1

IY
HSA=3.0

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CY) € LB/CY1 CLB/CY)

8 181. 227. 8 149.5
43 173. 217. 48 151.9
0 0« 0. 0 0.8

51 174. 219. 56 151.5

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CYJ CL8/CY) CLB/CY1

3 169. 195. 3 144.8
22 172. 188. 22 150.3
0 0« 0. 0 0.0

25 172. 188. 25 149.6

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CY) CLB/CY) CLB/CY)

1 232. 224. 1 144.8
9 170. 186. 9 159.8
0 0. 0. 0 6.8

10 177. 190. 10 149.4

EXHIBIT 9.1 
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CONCRETE COMPRESSI ON TESTS

PROJECT CONTRACT MIX
VILLOU CREEK DAM DACH68-82-C-0018 HIX 2Î 175+00

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) €%)

9X18 TAMPED 9 730. 233. 31.96
6X12 TAMPED 49 997. 258. 25.88
6X12 VEBE 4 560. 203. 36.22

ALL 62 930. 283. 30.42

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUM8ER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) €%)

9X18 TAMPED 3 560. 209. 37.32
6X12 TAMPEO 22 1001. 203. 20.30
6X12 VEBE 0 0. 0. 0.00

ALL 25 948. 247. 26.09

LAST 10 OR L£SS SETS STRENGTH DATA ANALYSIS

NUMBER OF. AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) CX>

9X18 TAMPED 1 630. 0. 0.00
6X12 TAMPEO 9 1023. 239. 23.38
6X12 VEBE 0 0. 0. 0.00

ALL 10 984. 258. 26.18

SHEET

\y
MSA=3.0

CONCRETE DUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) íLB/CY) CL8/CY)

8 181. 227. 9 150.6
43 173. 217. 49 152.0
3 148. 305. 4 146.0

54 173. 224. 62 151.4

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
€ LB/CY) CLB/CY) CLB/CY)

3 169. 195. 3 146.0
22 172. 188. 22 150.4
0 0. 0. 0 0.0

25 172. 188. 25 149.9

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) CLB/CY) C LB/CY)

1 232. 224. 1 147.1
9 170. 186. 9 150.5
0 0. 0. 0 0.0

10 177. 190. 10 150.1

EXHIBIT 9.1 
Sheet 9 of 41



CONCRETE c o m p r e s s i o n  t e s t s

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACW68-82-C-Q018 MIX 22 175*00

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 9
6X12 TAMPED 49
6X12 VEBE 3

ALL 61

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 3
6X12 TAMPED 22
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 9
6X12 VEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
<PSI> iti
987* 325. 32.92

1381. 338. 24.47
727. 91. 12.49

1291. 377. 29.21

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
<PSI> IXi
783. 131. 16.66

1368. 336. 24.53
0. 0. 0.00

1298. 371. 28. 58

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) C%>
740. 0. 0.00

1406. 288. 20.49
0. 0. 0.00

1339. 344. 25.66

SHEET 3
DAY 14

MSA=3.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
(LB/CY) € LB/CY1 CLB/CY)

8 181. 227. 8 149.6
43 173. 217. 49 152.2
2 149. 280. 3 145.9

53 173. 221. 60 151.5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
1LB/CYI CLB/CY1 CLB/CY)

3 169. 195. 3 144.9
22 172. 188. 22 150.6
0 0. 0. 0 0.0

25 172. 188. 25 149.9

CONCRETE QUALITY MONITOR UNIT UEISHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT MATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY) CLB/CY)

1 232. 224. 1 143.0
9 170. 186. 9 150.6
0 0. 0. a 0.0

10 177. 190. 10 149.8

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK OAM DACW68-82-C-0018 MIX 2: 175*00

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 9
6X12 TAMPED 48
6X12 VEBE 4

ALL 61

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPED 21
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINOER

SETS

9X18 TAMPED 1
6X12 TAMPED 9
6X12 WEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII (%>
1317. 576. 43.77
1839. 468. 25.44
850« 170. 19.99

1697 . 550. 32.42

STRENGTH DATA ANALYSIS

AVERAGE STANOARD COEFF.
ET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI
1046. 268. 25.57
1685. 476. 28.26

0. 0. 0.08
1583. 505. 31.91

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI
1160. 0. 0.00
1686. 475. 28.15

0. 0. 0.00
1633. 477. 29.23

SHEET 4

DAY 28
HSA=3.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUH8ER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

8 181. 227. 9 150.0
42 173. 218. 48 151.6
3 148. 305. 4 142.2

53 173. 224. 61 156.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

4 178. 209. 4 148.0
21 172. 188. 21 149.6
8 6. 0. 0 0.0

25 173. 191. 25 149.3

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

1 232. 224. 1 145.9
9 169. 188. 9 149.5
0 0. 0. 0 0.6

10 175. 192. 10 149.2

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
UILLOU CREEK DAM DACW68-82-C-0018 MIX 21 175*00

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) CXI

9X18 TAMPED 8 2031. 1013. 49.90
6X12 TAMPEO 42 2668. 636. 23.83
6X12 WEBE 4 1320. 422. 31.99

ALL 54 2474. 786. 31. 79

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII CXI

9X18 TAMPED 3 1438. 816» 56.74
6X12 TAMPED 22 2451. 58 7. 23.94
6X12 VEBE Ö 0. 0. 0.00

ALL 25 2330. 685. 29.41

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII CXI

9X18 TAMPEO 1 850« 0. 8.80
6X12 TAMPEO 9 2267. 551. 24.33
6X12 VEBE 0 0. 0. 0.00

ALL 10 2125. 686. 32.30

SHEET

DAY 90
MSA=3.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT MATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS UEISHT
CL8/CYI CLB/CYI CLB/CYI

7 174. 22 7. 6 147.5
36 169. 221. 31 150.2
3 148. 305. 0 8.8

46 169. 228. 37 149.7

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT MATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CYI CLB/CYI CLB/CYI

3 160. 204. 3 148.6
21 170. 191. 22 149.8
0 0. 8. 8 8.8

24 169. 193. 25 149.7

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AWE. SET AWE. SET NUMBER OF AVERAGE
CYLINDER CEMENT MATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

1 160. 202. 1 145.3
9 166. 198. 9 149.4
8 0. 0. 0 8.0

10 165. 198. 10 149.0

EXHIBIT 9.1 
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CONCRET £ COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM OACW68-82-C-0018 MIX 21 175+00

ALL SETS

NUMBER OF 
CYLINDER

9X18 TAMPED

SETS

0
6X12 TAMPED 3
6X12 VEBE 0

ALL 3

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 3
6X12 VEBE 0

ALL 3

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) (%>

0. 0. 0.00
3872. 384. 9.92

0. 0. 0.00
3872. 38 4. 9.92

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) CX)

0. 0. 0.00
3872. 384. 9.92

0. 0. 0.00
3872. 384. 9.92

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) CX)

9X18 TAMPED 0 0. Û. 0.00
6X12 TAMPED 3 3872. 384. 9.92
6X12 VEBE 0 0. 0. 0.00

ALL 3 3872. 384. 9.92

SHEET 6

DAY 180
MSA=3.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF 
CYLINDER 

SETS

0
0
0
0

AVE. SET 
CEMENT 
CONTENT 
CL8/CY) 

0«
0*
0.
0.

AVE. SET 
WATER 

CONTENT 
CLB/CY1 

0.
0.
0.
0.

NUMBER OF 
CYLINDER
SETS

0
3
0
3

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CYI  
0.0

154.0
0.0

154.0

CONCRETE QUALITY MONITOR

NUMBER OF 
CYLINDER 

SETS

0
0
0
0

AVE. SET 
CEMENT 
CONTENT 
CLB/CY) 

0.
0.
0«
0«

AVE. SET 
WATER 

CONTENT 
CLB/CY) 

0.
0«
0.
0.

UNIT WEIGHTS

NUMBER OF 
CYLINDER 
SETS

0
3
0
3

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CY) 
0.0

154.0
0 .0

154.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF 
CYLINDER 

SETS

0
0
0
0

AVE. SET 
CEMENT 
CONTENT 
CLÖ/CY) 

0.
6.
0.
0.

AVE. SET 
WATER 

CONTENT 
CLB/CY) 

0.
0.
0.
0.

NUMBER OF 
CYLINDER 
SETS

0
3
0
3

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CY)  
0 .0

154.0
0.0

154.0

EXHIBIT 9.1 
Sheet 13 of 41



CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACU68- 82-C-Û018 MIX 2: 175*00

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII (X)

9X18 TAMPED Q 0« 0. 0.00
6X12 TAMPED 0 0« 0* 0.00
6X12 VEDE 0 0* 0* 0*00

ALL 0 0. 0. 0.00

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF*
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
(PSD C%)

9X18 TAMPED 0 0 * 0 * 0.00
6X12 TAMPED 0 0 . 0* 0*60
6X12 VEBE 0 0 * 0* 0*00

ALL 0 0* 0 * 0* 00

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF*
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) CX)

9X18 TAMPED 0 0* 0 * 9*00
6X12 TAMPED 0 0* 0 * 0.00
6X12 VEBE 0 0* 0* 0*00

ALL 0 0. 0* 0.00

SHEET /

DAY 365
MSA=3.0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) CLB/CYI CLB/CYI

0 0. 0* 0 0* 0
0 0* 0* 0 0 * 0
0 0* 0* 0 9*0
0 0* 0 * 0 0 . 0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE* SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) CLB/CY) CLB/CY)

0 0 * 0 * 0 9*0
0 0 * 0 * 0 0*0
0 0. 0* 9 0.0
0 0 * 9* 0 0*9

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE* SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINOER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) CLB/CY) CL8/CY)

0 0* 0* 0 9*9
0 9. 9* 9 0*9
0 0* 9* 0 0*9
0 0* 0* 0 0*0

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACU68-82-C-0018 MIX 3: 175*80

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
( P S D C %J

9X18 TAMPED 10 554. 199. 35.97
6X12 TAMPED 49 789. 305. 38.67
6X12 VEBE 6 632. 270. 42.78

ALL 66 733. 300. 40.87

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
( P S D (X)

9X18 TAMPED 3 387. 93. 23.93
6X12 TAMPED 22 915. 356. 38.88
6X12 VEBE 0 0. 0. 0.88

ALL 25 851. 377. 44.2?

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
( P S D (XI

9X18 TAMPED 1 480. 0. 0.00
6X12 TAMPED 9 1121. 430. 38.34
6X12 VEBE 0 0. 0. 0.00

ALL 10 1057. 453. 42.87

SHEET 1

\Y
MSA=3.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY1 < LB/CY1 (LB/CY1

9 184. 223. 9 148.5
47 179. 217. 49 153.1
6 156. 214. 5 143.5

63 177. 218. 64 151.6

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
1LB/CYI «LB/CYI (LB/CYI

3 195. 215. 3 146.2
22 186. 215. 22 151.9
8 0 . 0 . 0 0 . 0

25 187. 215. 25 151.2

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
(LB/CYI € LB/CYI (LB/CY!

I 168. 185. 1 146.8
9 188. 212. 9 152.3
0 0 . 0. 0 0.0

10 185. 210. ifr 151.5

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
«ILLOU CREEK DAN DACW68-82-C-G018 MIX 3: 175+80

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII (II

9X18 TAMPED 10 869. 360. 41.44
6X12 TAMPED 48 1147. 436. 37.97
6X12 VEBE 5 826. 256. 31.01

ALL 64 1075. 424. 39.48

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPS I > CXI

9X18 TAMPED 3 745. 257. 34.53
6X12 TAMPED 22 1307. 543. 41.56
6X12 VEBE 0 0. 0. Q.GG

ALL 25 1240. 546. 44.07

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII CXI

9X18 TAMPED 1 960. 0. 0.00
6X12 TAMPED 9 1642. 645. 39.28
6X12 VEBE 0 0. 0. 0.00

ALL 10 1574. 645. 40.99

SHEET

DAT 7
MSA=3.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF 
CYLINDER 

SETS

9
46
5

61

AVE. SET 
CEMENT 
CONTENT 
CLB/CYI 
184. 
179. 
152. 
177.

AVE. SET 
WATER 

CONTENT 
CLB/CYI
223.
218.
215.
218.

NUMBER OF 
CYLINDER 
SETS

10
47
4

62

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CYI 
150.5
152.7 
143.9
151.8

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

3 195. 215. 3 147.9
22 186. 215. 22 152.3
0 0. 0. 0 0.0

25 187. 215. 25 151.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI C LB/ C Y I CLB/CYI

1 160. 185. 1 150.2
9 188. 212« 9 152.7
0 0 . 0. 0 0 . 0

10 185. 210. 10 152.5

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACy68-82-C-0018 MIX 32 175*80

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 10
6X12 TAMPED 49
6X12 VEBE 6

ALL 66

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 3
6X12 TAMPED 22
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 9
6X12 VEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) iX)
1130. 435. 38.46
1564. 533. 34.07
902. 80. 8.86
1431. 540. 37.73

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK OEVIATION OF
STRENGTH VARIATION
CPSI) C%>
688. 170. 24.75
1727. 674. 39.05

0. 0. 0.00
1602. 720. 44.96

STRENGTH OATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSI) (X)
595. 0. 0.00

2102. 766. 36.43
0. 0. 0.00

1951. 865. 44.33

SHEET 3
AY 14

MSA=3.0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CL8/CY) € LB/CY) (LB/CY)

9 184. 223. 10 150.3
47 178. 216. 49 152.8
6 156. 214. 6 143.4

63 176. 217. 66 151.5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE* SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/C Y ) CLB/CY! CLB/CYI

3 195. 215. 3 144.1
22 185. 213. 22 151.8
0 0. 0. 0 0.0

25 186. 213. 25 150.9

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI < LB/CYI CLB/CYI

1 160. 185. 1 142.2
9 188. 212. 9 153.4
0 0. 0. 0 0.0

10 185. 210. 10 152.3

EXHIBIT 9.1 
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACWÓ8-82-C-0018 MIX 3: 175*80

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 10
6X12 TAMPED 49
6X12 VEBE 6

ALL 66

LAST 25 OR LESS SETS

9X18 TAMPED

NUMBER OF 
CYLINDER

SETS

3
6X12 TAMPED 22
6X12 VEBE 0

ALL 25

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) <%!
1525. 627. 41*10
2073. 686. 33.07
1648. 1091. 66.18
1949. 735. 37.72

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) C%)
877. 306. 34.89

2122. 871. 41.05
0. 0. 0.00

1972. 918. 46.53

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) <X>

9X18 TAMPED 1 1195. 0* 0.00
6X12 TAMPED 9 2505. 1077. 43.01
6X12 VEBE 0 0. 0* 0.00

ALL 10 2374. 1097. 46.21

SHEET

DAY 28
MSA=3.0

CONCRETE QUALITY MONITOR

NUMBER OF AVE* SET 
CYLINDER CEMENT

SETS

9
*7
6

CONTENT
CLB/CY)
184*
178*
156*

AVE* SET 
WATER 

CONTENT 
CLB/CY1 
223. 
216. 
214.

NUMBER OF 
CYLINDER 
SETS

10
49
5

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CY) 
151.7 
152.5 
147.4

63 176. 217. 65 152.0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY1 CLB/CY)

3 195. 215. 3 146.5
22 185. 213. 22 151.0
0 0. 0. 0 0.0

25 186. 213. 25 150.4

CONCRETE QUALITY MONITOR

NUMBER OF 
CYLINDER 

SETS

1
9
0

10

AVE. SET 
CEMENT 
CONTENT 
€ LB/CY1 
160.
18 8.

0.
185.

AVE. SET 
WA TER 

CONTENT 
CLB/CY) 
185. 
212.

0 *
210.

UNIT WEIGHTS

NUMBER OF AVERAGE
CYLINDER SET UNIT
SETS WEIGHT

CLB/CY)
1 149.5
9 151.4
0 0.0

10 151.2
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CONCRETE COMFRt SSI ON TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACW68- 82-C-0018 MIX 3: 175*80

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) CXI

9K18 TAMPED 10 2195. 1007* 45.88
6X12 TAMPED AO 3020* 697. 23.08
6X12 VEBE 5 2090* 730. 34.92

ALL 56 2766* 847. 30.62

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) <%>

9X18 TAMPED 5 1685. 1032. 61.26
6X12 TAMPED 20 2834. 794. 28.01
6X12 VE8E 0 0. 0. 0.0 0

ALL 25 2604. 947. 36.36

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) C%)

9X18 TAMPED 3 1083. 479. 44.23
6X12 TAMPED 7 2588. 1060. 40.97
6X12 VEBE 0 0. 0. 0.00

ALL 10 2137. 1153. 53.95

SHEET

DAY 90
MSA=3*0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) CLB/CY1 CLB/CVI

9 184. 223. 7 149.0
38 177. 217. 31 151.4
5 163. 218. 1 149.0

53 177. 217. 39 150.7

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) CLB/CY) CL8/CY)

4 197. 212. 5 147.7
18 184. 210. 20 151.0
0 0. 0. 0 0.0

22 186. 210. 25 150.4

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) CLB/CY) CLB/CY)

3 195. 215. 3 147.4
7 168. 215. 7 149.0
0 0. 0. 0 0.0

10 176. 215. 10 148.5
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
UILLOU CREEK DAP DACM68-82-C-QQ18 MIX 3: 175 *80

ALU SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) 1%)

gxi8 TAMPED 1 2895 • 0. 0.00
6X12 TAMPEO 3 2987. 996. 33.36
6X12 VEBE 3 2177. 886» 40.72

ALL 7 2626. 873. 33.43

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) CX)

9X18 TAMPED 1 2895. 0. 0.00
6X12 TAMPED 3 2987. 996. 33.36
6X12 VEBE 3 2177. 886. 40.72

ALL 7 2626. 878. 33.43

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANOARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) IX)

9X18 TAPPED 1 2895. 0« 0.00
6X12 TAMPEO 3 2987. 996. 33.36
6X12 VEBE 3 2177. 886. 40.72

ALL 7 2626. 878. 33.43

SHEET t*

DAY 180
HSA=3.Q

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY) CLB/CY) ILB/CY)

0 0« 0. 1 150.4
2 149. 203. 3 155.1
2 149. 203. 3 145.8
4 149. 203. 7 150.1

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
ILB/CY) ILB/CY) ILB/CY)

0 0. 0. 1 150.4
2 149. 20 3. 3 155.1
2 149. 203. 3 145.0
4 149. 203. 7 150.1

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
ILB/CY) ILB/CY) ILB/CY)

0 0. 0. 1 150.4
2 149. 203. 3 155.1
2 149. 203. 3 145.0
4 149. 203. 7 150.1
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Sheet 20 of 41



CONCRETE COMPRESSION TESIS

PROJECT CONTRACT MIX
UILLOH CREEK DAM DACH68-82-C-0018 MIX 3: 175*80

ALL SETS STRENGTH DATA ANALYSIS

-NUM8ER CF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII <%)

9X18 TAMPED 0 0« 0. 0.0 0
6X12 TAMPED 0 0« 0 . 6*80
6X12 VEBE 0 0. 0. 0.00

ALL 0 0« 0« 0*00

LAST 25 UR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARO COEFF*
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) CXI

9X18 TAMPED 0 0* 0* 0.00
6X12 TAMPED 0 0* 0* 0.00
6X12 VEBE 0 0* 0* 0*00

ALL 0 0* 0* 0.00

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII C%)

9X18 TAMPED 0 0. 0* 0*90
6X12 TAMPED 9 0* 0* 0*00
6X12 VEBE 0 0* 0* 0.00

ALL 0 0. 0* 0*99

SHEET 1

DAY 365
HSA-3.0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUM8ER OF AVE. SET AVE* SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINOER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
<LB/C¥I CLB/CYI CLB/CYI

8 0 * 0* 0 0*0
0 0. 0 . 0 0*8
0 0* 0. 0 0*9
0 0* 9* 0 0*9

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINOER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0* 9* 0 0*9
9 0* 9. 0 0.0
0 0* 0* 0 0.9
0 0* 9* 0 0.9

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0. 0. 0 0.0
0 0. 0. 9 9.9
0 0. 0. 9 8.0
0 0. 0. 0 0.8
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concrete; compression tests

PROJECT CONTRACT MIX
lilLLON CREEK DAM DACR68-82-C-0018 MIX 4Î Ò15 + 135

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 10
6X12 TAMPED 38
6X12 VEBE 3

ALL 51

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPED 21
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER.

SETS

9X18 TAMPED 2
6X12 TAMPED 8
6X12 VEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSI 1 € 21
1359. 398. 29.32
1384. 352. 25.40
1347. 443. 32.89
1377. 358. 25.99

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
ET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI1 €21
1134. 242. 21.38
1377. 362. 26.27

0. 0. 0.00
1338. 353. 26.39

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI1 CXI
1095. 389. 35.52
1470. 276. 18.80

0. 0. 0.00
1395. 318. 22.81

SHEET 1

DAY 3
MSA=1.5

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY1 CLB/CY1 € LB/CY1

a 323. 252. 9 153.3
35 301. 259. 36 153.8
2 357. 327. 3 147.7

45 307. 261. 48 153.3

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY1 «LB/CY1 CLB/CY1

4 325. 246. 4 150.6
21 296. 243. 21 153.3
0 Û. 0. 0 0.0

25 301. 244. 25 152.9

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CY1 CLB/CY1 CLB/CYl

2 323. 231. 2 150.2
8 298. 246. 8 151.8
0 0. 0. 0 0.0

10 303. 245. 10 151.4

EXHIBIT 9.1 
Sheet 22 of 41



CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM QACW68-82-C-0018 MIX 4t 315+135

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 10
6X12 TAMPED 40
6X12 VEBE 3

ALL 53

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPED 21
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINOER

SETS

9X18 TAMPED 2
6X12 TAMPED 8
6X12 VEBE 0

ALL 10

STRENGTH OATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
ÌPSII (XI
1793* 479. 26.71
2033« 605. 29.77
2137. 906. 42.42
1994. 597. 29.94

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(psn (XI
1608. 424. 26.36
1969. 625. 31.72

0. 0. 0.00
1911. 605. 31.65

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII (X)
1353. 32. 2.35
1782. 698. 39.18

0. 0. 0.00
1696. 642. 37.84

SHEE T

DAY 7
MSA=1.5

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
(LB/CYI (LB/CYI (LB/CYI

8 323. 252. 9 151.7
36 301. 257. 37 154.2
2 357. 327. 3 148.7

46 307. 260. 49 153.4

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
(LB/CYI (LB/CYI CLB/CY)

4 325. 246. 4 150.0
21 295. 242. 21 153.5
0 0. 0. 0 0.0

25 300. 242. 25 153.0

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
(LB/CYI (LB/CYI (LB/CYI

2 323. 231. 2 150.0
8 297. 244. 8 152.2
0 0. 0. 0 0.0

10 302. 241. 10 151.8
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK OAM DACW68-82-C-0018 MIX 4: 315+135

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 10
6X12 TAMPED 41
6X12 VEBE 4

ALL 55

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPEO 21
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPEO 2
6X12 TAMPED 8
bXl2 WEBE . 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII IX)
2246« 621. 27.67
2636« 798. 30.29
2440. 1460. 59.84
2551. 824. 32.39

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
ET BREAK DEVIATION OF
STRENGTH VARIATION
IPSI) (X)
1989. 626. 31.50
2555. 951. 37.23

0. 0. 0.90
2464. 921. 37.36

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
IPSI) IX)
1723. 95. 5.54
2270. 874. 38.52

0. 0. 0.00
2161. 806. 37.29

SHEET 3

DAY 14
NSA=1.5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CL8/CY) IL8/CY) C LB/CY)

a 323. 252. 10 152.5
36 301. 258. 40 153.9
2 357. 327. 4 147.6

46 307. 260. 54 153.2

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
1 LB/CY) €LB/CY) CLB/CY)

4 325. 246. 4 149.9
21 295. 242. 21 153.1
0 0. 0« 9 8.9

25 380. 243. 25 152.6

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
€LB/CY1 «LB/CY» €LB/CY)

2 323. 231. 2 149.4
8 297. 244. 8 152.0
0 0. 0. 9 0.8

10 302. 241. 18 151.5
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CONCRETE COMPRESSION TESTS

CONTRACT MIX
DACU68-82-C-0016 MIX 4Î 315*135

STRENGTH DATA ANALYSIS

NUHBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII (X)

10 2889* 894. 30.98
39 3423* 1052. 30.74
4 2833. 1781. 62.89

53 3278. 1091. 33.29

STRENGTH DATA ANALYSIS

NUHBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEWIATION OF

SETS STRENGTH VARIATION
(PSI) iXi

4 2285. 549. 24.02
21 3247. 1160. 35.73
0 0. 0. 0.00

25 3093. 1135. 36.70

STRENGTH DATA ANALYSIS

PROJECT
UÎLLOU CREEK DAM

ALL SETS

9X18 TAMPED 
6X12 TAMPED 
6X12 WEBE 

ALL

LAST 25 OR LESS SETS

9X18 TAMPED 
6X12 TAMPED 
6X12 WEBE 

ALL

LAST 10 OR LESS SETS

9X18 TAMPED 
6X12 TAMPED 
6X12 WEBE 

ALL

NUHBER OF AVERAGE
CYLINDER SET BREAK

SETS STRENGTH
CPSII

2 2065.
8 2834.
0 0.

10 2681.

STANDARD COEFF.
DEVIATION OF

VARIATION
iti

672. 32.53
1018. 35.98

0. 0.00
980. 36.56

SHEET 4

DAT 28
MSA=1.5

CONCRETE QUALITY HONITOR UNIT HEIGHTS

NUHBER OF AVE. SET AVE. SET NUHBER OF AVERAGE
CYLINDER CEHENT UATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS UEIGHT
(L8/CYI «LB/CYI € LB/CY)

8 323. 252. 9 152.5
35 302. 254. 39 154.9
2 357. 327. 4 146.5

45 388. 257. 52 153.8

CONCRETE QUALITY HONITOR UNIT UEIGHTS

NUHBER OF AVE. SET AVE. SET NUHBER OF AVERA6E
CYLINDER CEHENT UATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
(LB/CYI CLB/CYI CLB/CYI

4 325. 247. 4 150.6
21 295. 242. 21 153.7
8 0. 0. 0 8.8

25 380. 243. 25 153.2

CONCRETE QUALITY HONITOR UNIT UEIGHTS

NUHBER OF AVE. SET AVE. SET NUHBER OF AVERAGE
CYLINDER CEHENT UATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
(LB/CYI CLB/CYI (LB/CYI

2 323. 231. 2 149.4
8 297. 244. a 152.4
0 0. 0. 0 0.8

10 382. 241. 18 151.8
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACW68-82-C-0018 MIX 4: 315+135

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 T AMPEO 8
6X12 TAMPED 40
6X12 VEBE 4

ALL 52

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 2
6X12 TAMPED 23
6X12 VEBE 0

ALL 25

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 10
6X12 VEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI
4185. 1252. 29.92
4511. 1515. 33.59
4050. 293?. 72.51
4425. 1582. 35.76

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI
3558. 1078. 30.31
4161. 1434. 34.46

0. 0 . 8.00
4112. 1480. 34.05

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI

0. 0. 0.08
3845. 1484. 36.53

0. 0. 0.00
3845. ¿484. 36.53

SHEET

DAY 90
MSA=1.5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF 
CYLINDER 

SETS

6
36

2
44

AVE* SET 
CEMENT 
CONTENT 
CLB/CYI 
323. 
303* 
357* 
308*

AVE. SET 
WATER 

CONTENT 
CLB/CYI 
259. 
259. 
327. 
262.

NUMBER OF 
CYLINDER 
SETS

3
24

0
27

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CYI
151.8
152.9

0 . 8
152.6

CONCRETE QUALITY MONITOR

NUMBER OF AVE. SET AVE. SET
CYLINDER CEMENT WATER

SETS CONTENT CONTENT
CLB/CYI CLB/CYI

2 326. 262.
23 298. 242.
0 0. 0.

25 301. 244.

UNIT WEIGHTS

NUMBER OF 
CYLINDER
SETS

2
23
0

25

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CYI 
148.8 
152.6 

0 .8  
152.3

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET
CYLINDER CEMENT WATER

SETS CONTENT CONTENT
CLB/CYI CLB/CYI

8 8. 0.
10 381. 237.
0 0. 0.

10 301. 237.

NUMBER OF AVERAGE
CYLINDER SET UNIT
SETS WEIGHT

CLB/CYI
8 8.8

10 152.2
0 0.8

18 152.2
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
BILLOW CREEK DAM DACW68-82-C-0018 MIX 4: 315*135

ALL SETS

NUMBER OF 
CYLINDER

9X18 TAMPED

SETS

5
6X12 TAMPED 7
6X12 VEBE 3

ALL 15

LAST 25 Oft LESS SETS

NUMBER OF 
CYLINOER

SETS

9X18 TAMPED 5
6X12 TAMPED 7
6X12 VEBE 3

ALL 15

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 3
6X12 TAMPED 4
6X12 VEBE 3

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) C%)
4455. 1422. 31.92
4522. 2132. 4/.14
2923. 1964. 67.18
4180. 1871. 44.76

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
ET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) C%>
4455. 1422. 31.92
4522. 2132. 47.14
2923. 1964. 67.18
4180. 1871. 44.76

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) C%)
3990. 1759. 44.09
4161. 1897. 45.60
2923. 1964. 67.18
3739. 1751. 46.84

SHEET

DAY 180
MSA=1.5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF 
CYLINDER 

SETS

3
2
1
6

AWE. SET 
CEMENT 
CONTENT 
IL8/CY) 
331« 
321. 
364. 
333.

AVE. SET 
«ATER 

CONTENT 
€ LB/CY) 
251. 
241. 
275. 
251.

NUMBER OF 
CYLINOER 
SETS

5
7
3

15

AVERAGE 
SET UNIT 
«EIGHT 
CLB/CY) 
151.5
151.0
144.0 
149*8

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY) CLB/CY)

3 331. 251. 5 451*5
2 321. 241. 7 151*0
1 364. 275. 3 144*0
6 333. 251. 15 149*8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF 
CYLINDER 

SETS

3
2
1
6

AVE. SET 
CEMENT 
CONTENT 
«L6/CYÌ 
331. 
321. 
364. 
333.

iVE. SET 
WATER 

CONTENT 
<LB/CY) 
251. 
241. 
275. 
251.

NUMBER OF 
CYLINDER 
SETS

3
4
3

10

AVERAGE 
SET UNIT 
WEIGHT 

CLB/CY)
151.0 
151.6
144.0
149.1
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK OAM DACW68-82-C-0918 MIX 4: 315+135

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VEBE 0

ALL 0

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VEBE 0

ALL 0

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VEBE 0

ALL 8

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK 
STRENGTH 
(PSI)

DEVIATION OF
VARIATION

CXI
0* 0* 0.0Ü
0* 0« 0.00
0. 0. 0.00
0 • 0* 

STRENGTH DATA ANALYSIS

0.00

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI 1 (X)

0. 0. 0.00
0. 0« 0*80
0« 0. 0*00
0« 0« 8*00

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI

0« 0, 0*80
0* 0* 0*08
8« 0* 0*00
0« 8* 8*08

SHEET

DAY 365
MSA=1*5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE* SET AVE. SET NUM8ER OF AVERAGE
CYLINOER CEMENT WATER CYLINOER SET UNIT

SETS CONTENT CONTENT SETS WEI6HT
CLB/CYI CLB/CYI CL8/CYI

0 0 . 0* 0 0*0
0 0 * 0 * 0 0*0
0 0 * 0 * 0 0*0
0 0 . 0* 0 0.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI f LB/CYI CLB/CYI

0 8* 0* 0 0*0
0 0* 0* 0 0*0
0 0* 0 . 0 0.0
0 0. 0. 0 0.0

CONCRETE QUALITY MONITOR UNIT w e i g h t s ;

NUMBER OF AVE* SET AVE. SET NUMBER OF AVERAGE
CYLINDER _ CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0 * 0 . 0 9 .0
0 0 * 0 * 0 0 * 0
0 0* 0* 0 % 0*0
0 0* 0* 8 0 * 0
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
VJLLQW CREEK OAM DACW68-82-C-0018 MIX 5: 330*130

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
C YLINOER SET 8REAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII €%!

9X18 TAMPED 4 760. 351. 46.19
6X12 TAMPED 14 685. 216. 31.50
6X12 VEBE 1 770. 0. 0.00

ALL 19 706. 235. 33.36

LAST 25 OR LESS SETS STRENGTH DATA ANALYSTS

9X18 TAMPED 
6X12 TAMPED 
6X12 WEBE 

ALL

NUMBER OF 
CYLINDER

SETS

4
14
1
19

AVERAGE 
SET BREAK 
STRENGTH 
CPSII 
760* 
685. 
770. 
706.

STANDARD
DEVIATION

351.
216.

0.
235.

COEFF.
OF

VARIATION
CXI
46.19
31.50
8.90

33.36

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII CXI

9X18 TAMPED 2 538. 25. 4.60
6X12 TAMPED 8 618. 202. 32.61
6X12 VEBE 0 0. 0. Q.09

ALL 10 602. 181. 30.10

SHEET X

DAY 3
MSA=8.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

2 301. 275. 4 144.1
12 303. 308. 13 144.9
0 0. 0. 1 143.6

14 302. 304. 18 144.7

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

2 301. 275. 4 144.1
12 303. 308. 13 144.9
0 0. 0. 1 143.6

14 302. 304. 18 144.7

CONCRETE QUALITY MONI TOR UNIT UEI6HTS

NUMBER OF AVE. SET AYE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WA TER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

2 301. 275. 2 141.1
8 291. 320. 8 143.9
0 0. 0. 0 0.0

10 293. 311. 10 143.3
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACW68-82-C-0018 MIX 5: 330+130

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII <%!

9X18 TAMPED 4 1140. 369. 32.40
6X12 TAMPED 14 1003. 343. 34.24
6X12 VEBE 1 1100. 0. 0.00

ALL 19 1037. 334. 32.19

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII evi

9X18 TAMPED 4 1140. 369. 32.40
6X12 TAMPED 14 1003. 343. 34.24
6X12 VEBE 1 1100. 0. 0 .€0

ALL 19 1037. 334. 32.19

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSII IXI

9X18 TAMPED 2 943. 265. 28.13
6X12 TAMPED 8 971. 385. 39.69
6X12 VEBE 0 0. 0. 0.00

ALL 10 965. 351. 36.40

SHEET 7

tr
MSA-0.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUM8ER OF AVE. SET AVE. SET NUMBER OF AVERA6E
CYLINDER CEMENT VATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
ILB/CYI CLB/CY1 (LB/CY1

2 301. 275. 3 145.0
12 303. 308. 14 145.4
0 0. 0. 1 140.7

14 302. 304. 18 145.1

CONCRETE QUALITY MONITOR UNIT WEI6HTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CT) CLB/CY1 CLB/CYI

2 301. 275. 3 145.0
12 303. 308. 14 T45^4
0 0. 0. 1 140.7

14 302. 304. 18 145.1

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
f LB/CYT ILB/CYI ILB/CYI

2 381. 275. 2 145.9
8 291. 320. 8 143.9
0 0. 0. 0 0.0

10 293. 311. 10 144.3
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK OAM DACW68-82-C-0018 MIX 5: 330*130

ALL SETS STRENGTH DATA ANALYSIS

9X18 TAMPED 
6X12 TAMPED 
6X12 VEBE 

ALL

NUMBER OF 
CYLINDER 

SETS

A
13
1

18

AVERAGE 
SET BREAK 
STRENGTH 
CPSI) 
1454. 
1586. 
1660. 
1561.

STANDARD
DEVIATION

579.
423.

0.
435.

COEFF.
OF

VARIATION
(XI
39.82
26.70
0.00

21.89

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPED 13
6X12 VEBE 1

ALL 18

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 2
6X12 TAMPED 8
6X12 VEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CX>
1454. 579. 39.82
1586. 423. 26.70
1660. 0. Û.DO
1561. 435. 27.89

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
ET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) (X)
1048. 357. 34.09
1516. 493. 32.50

0. 0. 0.00
1423. 492. 34.59

SHEET

DAY 14
MSA=0.8

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
(LB/CY) (LB/CYl (LB/CY)

2 301. 275. 4 143.6
11 300. 288. 13 146.0
0 0. 0. 1 143.1
13 300. 286. 18 145.3

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
(LB/CY) (LB/CYl (LB/CY)

2 301. 275. 4 143.6
11 300. 288. 13 146.0
0 0* 0. 1 143.1

13 300. 286« 18 145.3

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF 
CYLINDER 

SETS

2
8
0

10

AVE.*SET 
CEMENT 
CONTENT 
( LB/CY) 
301. 
290.

0.
292.

AVE. SET 
«A TER 

CONTENT 
«L8/CYI 
275. 
302.

0.
297.

NUMBER OF 
CYLINOER 
SETS

2
8
0

10

AVERAGE 
SET UNIT 
«EIGHT 
(LB/CY) 
139.6 
145.1 

0.0 
144.0
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
NIL LOU CREEK DAM OACW68-82-C-0C18 MIX 5: 330+130

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPED 14
6X12 VEBE 1

ALL 19

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPED 14
6X12 VEBE 1

ALL 19

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 2
6X12 TAMPED 8
6X12 VEBE 8

ALL 10

STRENGTH OATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) (%1
2181. 544. 24.96
2196. 560. 25.50
3060. 0. 0.00
2238. 562. 25.09

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) (X)
2181. 544. 24.96
2196. 560. 25.50
3060. 0. 0.00
2238. 562. 25.09

STRENGTH OATA ANALYSIS

AVERAGE STANDARD COEFF.
£T BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) CXI
1855. 431* 23.25
1975. 592. 29.99

0. 0. 8.00
1951. 544. 27.89

SHEET A

DAY 28
MSA=G.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY1 CLB/CY)

2 301. 275. 4 147.2
12 303. 308. 14 145.7
0 0. 0. 1 147.7
14 302. 304. 19 146.1

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SE TS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY) CLB/CY)

2 301. 275. 4 147.2
12 303. 308. 14 14S.7
8 0* 0. 1 147.7

14 302. 304. 19 146.1

CONCRETE QUALITY MONI TOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY) CLB/CY)

2 301. 275. 2 146.4
8 291. 320. 8 143.8
0 0. 0. 0 0.0

18 293. 311. 10 144.3
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK OAM OACW68~82-C-0Q18 MIX 5: 330+130

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPED 13
6X12 VEBE 1

ALL 18

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 4
6X12 TAMPED 13
6X12 VEBE 1

ALL 18

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 2
6X12 TAMPED 8
6X12 VEBE 0

ALL 10

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) CXI
3236* 933. 28.82
3259 « 760 • 23.32
2560. 0. 0.00
3215. 767. 23.85

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSI) (XI
3236. 933. 28.32
3259. 760. 23.32
2560. 0. 9.00
3215. 767. 23.85

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
IPSII CXI
2608. 979. 37.56
2943. 779. 26.48

0. 0. 0.60
2876. 774. 26.91

SHEET

DAY 90
MSA=0.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

2 301. 275. 2 142.3
12 303. 308. 8 144.0
0 0. 0. 1 147.7

14 302. 304. 11 144.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINOER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

2 301. 275. 2 142.3
12 303. 308. 8 144.0
0 0. 0. 1 147.7

14 302. 304. 11 144.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET A V E . SET NUMBER OF AVERAGE
CYLINDER ' CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI «LB/CYI C LB/CYI

2 301. 275. 1 138.5
8 291. 320. 8 144.0
0 0. 0. 0 0.0

10 293. 311. 9 143.4
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
HILLOU CREEK OAM ÜACHb8-82~C-0018 MIX 5: 330+130

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 2
6X12 TAMPED 2
6X12 VEBE 1

ALL 5

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPEO 2
6X12 TAMPED 2
6X12 HEBE 1

ALL 5

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 2
6X12 TAMPED 2
6X12 VEBE 1

ALL 5

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI
3783* 371. 9.81
4698. 315. 6.70
3290. 0. 0.00
4050. 670. 16.55

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATI ON
CPSII CXI
3783. 371. 9.81
4698. 315. 6.70
3290. 0. 0.90
4050. 670. 16.55

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI
3783. 371. 9.81
4698. 315. 6.70
3290. 0. 0.00
4050. 670. 16.55

SHEET

DAY 180
MSA=0 «8

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0« 0. 2 147.1
0 0. 0. 2 146.30 0. 0. 1 140.0
8 0. 0. 5 145.3

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0. 0. 2 147.1
0 0. 0 . ' 2 .1*6*3 s
0 0. 0. 1 140 wO
0 0. 0. 5 145.3

CONCRETE QUALITY MONITOR UNIT HEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0. 0. 2 147.1
0 0. 0* 2 146.3
0 0. 0. 1 140.9
0 0. 0 . 5 145.3
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACW68-82-C-0018 MIX 5: 330+130

ALL SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF.
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI I CXI

9X18 TAMPED 0 0» 0« 0.0 0
6X12 TAMPED 0 0« 0« 0*00
6X12 VEBE 0 0« 0* 8*88

ALL 0 0« 8. 0.00

LAST 25 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF*
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI) CXI

9X18 TAMPED 0 0* 0« 8*88
6X12 TAMPED 0 0* 8* 0*00
6X12 WEBE 8 0* 0* 0*88

ALL 8 0* 0* 0.00

LAST 10 OR LESS SETS STRENGTH DATA ANALYSIS

NUMBER OF AVERAGE STANDARD COEFF*
CYLINDER SET BREAK DEVIATION OF

SETS STRENGTH VARIATION
CPSI I c % >

9X18 TAMPED 0 D* 0 « 0.00
6X12 TAMPED 0 0* 0 * 8*08
6X12 WEBE 0 0* 0* 0*88

ALL 0 0* 0« 0.0 0

SHEET /

OAY 365
HSA=0.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE* SET NUMBER OF AVERAGE
CYLINDER CEMENT »ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS »EIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0 . 0 . 0 8.0
0 0 * 0 * 0 0.0
0 0 * 0 * 0 8*8
8 0 * 0 * 0 8*0

CONCRETE QUALITY MONITOR UNIT »EIGHTS

NUMBER OF AVE. SET AVE* SET NUMBER OF AVERAGE
CYLINDER CEMENT »ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS »EIGHT
CLB/CYI CLB/CYI CLB/CYI

8 0* 0* 0 0 * 0
0 8* 0 * 0 8*8
8 8* 8* 0 0*8
8 0. 8* 8 0*8

CONCRETE QUALITY MONITOR UNIT »EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT »ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS »EIGHT
CLB/CYI CLB/CYI C LB/CYI

0 0* 8* 0 0.0
0 8. 8* 8 8*8
0 8* 0* 0 0*8
0 0* 0* 0 0*8
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX °
WILLOW CREEK DAM DACW68-82-C-0018 TOP MIX 175493

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 2
6X12 VEBE 0

ALL 3

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 2
6X12 VEBE 8

ALL 3

LAST 10 OR LESS SETS

9X18 TAMPED

NUMBER OF 
CYLINDER 

SETS

1
6X12 TAMPED 2
6X12 VEBE 0

ALL 3

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII (X)
920. 0« Û.QD
1155. 92. 7.96

0. 0. 0.00
10 77. 150. 13.97

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI I (%>
920. 0. 0.00

1155. 92. 7.96
0. 0. 0.00

1077. 150. 13.97

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI1 <%!
920. 0. 0 . 80

1155. 92. 7.96
0. 0. 0.00

1077. 150. 13.97

SHEET

DAY 7
MSA=1.5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI < LB/CY>

1 165. 234. I 149.4
2 206. 233. 2 150.3
0 0. 0. 0 0.8
3 192. 233. 3 150.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CL8/CYI CLB/CYI

1 165. 234. 1 149.4
2 206. 233. 2 150.3
0 0. 0. 0 0.0
3 192. 233. 3 150.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLÖ/CYJ CLB/CYI

1 165. 234. 1 149.4
2 206. 233. 2 150.3
0 0. 0. 0 0.0
3 192. 233. 3 150.0
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK DAM DACW68-82-C-0018 TOP MIX 175+93

ALE SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 2
6X12 VEBE 0

ALL 3

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9*18 TAMPED 1
6X12 TAMPED 2
6X12 VEBE 0

ALL 3

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 2
6X12 VEBE 0

ALL 3

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSI) (XI
1060. 0 • 0.00
1315. 191. 14.52

0 . 0. 0.00
1230. 200. 16.24

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSII (XI
1060. 0. 0.00
1315. 191. 14.52

0. 0. 0.08
1230. 200. 16.24

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
(PSII (XI
1060. 0. 0.0 0
1315. 191. 14.52

0 . 0. 0.00
1230. 200. 16.24

SHEET 3

DAY 14
MSA=1.5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

l 165. 234. 1 150.5
2 206. 233. 2 150.9
0 0. 0. 0 0.0
3 192. 233. 3 150.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
(LB/CYI CLB/CYI (LB/CY)

1 165. 234. 1 150.5
2 206. 233. 2 150.9
0 0. 0. 0 8.0
3 192. 233. 3 150.8

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUM8ER OF AVE. SET AVE. SET NUMBER OF AVERAG
CYLINDER CEMENT WATER CYLINDER SET UNI

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CVI

I 165. 234. 1 150.5
2 206. 233. 2 150.9
0 0. 0. 0 0.0
3 192. 233. 3 150.8
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
lilt LOW CREEK OAM 0ACy68-82-C-0 018 TOP MIX 175*93

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 2
6X12 YEBE G

ALL 3

LAST 25 OR LESS SETS

9X18 TAMPEO

NUMBER OF 
CYLINDER

SETS

1
6X12 TAMPED 2
6X12 VEBE 0

ALL 3

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 1
6X12 TAMPED 2
6X12 VEBE 0

ALL 3

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) <%)
1400 • 0. 0.00
1895. 141. 7.46

0. 0. 0.00
1730. 303. 17.50

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
>ET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) <%>
1400. 0. 6.00
1895. 141. 7.46

0. 0. 0.00
1730. 303. 17.50

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATICN GF
STRENGTH VARIATION
CPSI) (XI
1400. 0. 0.00
1895. 141. 7.46

0. 0. 0.00
1730. 303. 17.50

SHEET

DAY 28
MSA = 1 *5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY) € LB/CY1

1 165. 234. 1 149.8
2 206. 233. 2 151.9
0 0. 0. 0 0.0
3 192. 233. 3 151.2

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
( LB/ C Y! < LB/CY) CLB/CY)

1 165. 234. 1 149.8
2 206. 233. 2 151.9
0 8« 0. 8 0.8
3 192. 233. 3 151.2

CONCRETE QUALITY MONI TOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY) CLB/CY1 CLB/CYI

1 165. 234. 1 149.8
2 206. 233. 2 151.9
8 0. 0. 8 0.8
3 192. 233. 3 151.2
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
•ILLOU CREEK DAM DACU68-82-C-0018 TOP MIX 175*93

SETS

NUM8ER
CYLINO

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VE8E 0

ALL 0

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VE BE 0

ALL 0

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VEBE 0

ALL 0

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI) <X1

0« 0. O.GQ
0. 0* 0.00
0, 0* 0.80
0. 0. 0*00

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI ) ill

0* 0* 0.00
0. 0« 0.00
0* 0« 0*08
0* 0* 0*00

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION CF
STRENGTH VARIATION
CPSI> €% 1

0 * 0* 0*00
0« 0* 0*00
0 . 0. 0*00
0* 0 . 0*00

SHEET
DAY 90

MSA=1*5

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER CF AVE. SET AVE* SET NUMBER OF AVERAGE
CYLINDER CEMENT MATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CL8/CYI CLB/CY1 C LB/CY)

0 0* 0* 0 0*0
0 0* 0* 0 0*0
0 0* 0. 0 0*0
0 0* 0* 0 0.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE* SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT MATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CY1 CLB/CY1 CLB/CY)

0 0* 0* 0 0.0
0 0. 0. 0 0.0
0 0* 0* 0 0*0
0 0* 0. 0 0.0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT WAXER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CL8/CY1 «LB/CYÏ (LB/CY)

0 0* 0* 0 0.0
0 0* 0. 0 0*0
0 0* 0. Ö 0*0
0 0* 0. 0 0.0
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CONCRETE COMPRESSION TESTS

PROJECT CONTRACT MIX
WILLOW CREEK OAM DACW68-82-C-0018 TOP MIX 175+93

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VE BE 0

ACL 0

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 WE BE 0

ALL 0

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VE8E 0

ALL 0

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI 1 CXI

0« 0* 0*90
0. 0« 0.00
0, 0« 0*00
0« 0« 0.00

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI

0. 0* 0.00
0* 0. 0.00
0« 0. 0*08
0« 0. 0.00

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF*
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSII CXI

0 * 0 * 0*00
0 . 0 . 0*00
0* 0 * 0.00
0. 0« 0*00

SHEET u

DAY 180
NSA=1»5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CL8/CYI CLB/CYI C LB/CYI

0 0 . 0 * 0 0 . 0
0 0 * 0 * 0 0*0
0 0 * 0 * 0 0 . 0
0 0 • 0 . 0 0 . 0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS WEIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0* 0* 0 0*0
0 0. 0* 0 0.0
0 0* 0* 0 0.0
0 0. 0 * 0 0*0

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE* SET NUMBER OF AVERAGE
CYLINDER CEMENT HATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS HEIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0* 0 * 0 0*0
0 0. 0* 0 0*0
0 0* 0. 0 0*0
0 0* 0* Q 0.0
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CONCRETE COMPRESSION TESTS

PROJECT C O N T R A C T  MIX
«ILLOW CREEK DAM O A C « 6 a - 82 - C - O Q 18 TOP MIX 175+93

ALL SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VE8E 0

ALL 0

LAST 25 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 VEBE 0

ALL 0

LAST 10 OR LESS SETS

NUMBER OF 
CYLINDER

SETS

9X18 TAMPED 0
6X12 TAMPED 0
6X12 V EBE 0

ALL 0

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI1 CVl

0. 0. 0.00
0» 0« 0.00
0# 0. 0.00
0. 0. 0.08

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
ET BREAK DEVIATION OF
STRENGTH VARIATION
CPSI1 € XI

0. 0. • 0.00
0. 0. 0.00
0. 0. 0.00
0. 0. 0.00

STRENGTH DATA ANALYSIS

AVERAGE STANDARD COEFF.
SET BREAK DEVIATION OF
STRENGTH VARIATION
CPSIl CXI

0. 0. 0.00
0. 0. 0.00
0. 0. 0.00
0. 0. 0.00

SHEET i

OAY 365
MSA=1.5

CONCRETE QUALITY MONITOR UNIT WEIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CYI CLB/CYI CLB/CYI

0 8. 0. 8 0.0
0 Q. 0. 0 0.0
0 0. 0. 0 0.0
0 0. 0. 8 0.0

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CYI CLB/CYI CLB/CYI

0 0 . 0. 0 0.0
0 0. 0. 0 0.0
0 0. 0. 0 0.0
0

o

8 . 0. 0 0.0

CONCRETE QUALITY MONITOR UNIT «EIGHTS

NUMBER OF AVE. SET AVE. SET NUMBER OF AVERAGE
CYLINDER CEMENT «ATER CYLINDER SET UNIT

SETS CONTENT CONTENT SETS «EIGHT
CLB/CYI CLB/CYI CLB/CYI

8 0. 0. 0 0.0
0 0. 0. 0 0.0
0 0. 0. 0 0.0
0 0 . 0. 0 0.0
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CHAPTER 10

DENSITY AND VOID SPACE

Throughout construction, minor but frequent adjustments were made in 
individual aggregate batch quantities to maintain the desired overall 
aggregate gradations. Because of differing specific gravities in the 
aggregates, the theoretical unit weights also varied. Exhibit 4.1 shows 
typical mix proportions and associated theoretical unit weights. Overall, 
theoretical weights generally were about 152 pcf to 155 pcf. Based on 
nuclear gage readings, in-place densities typically were in the range of 
95 to 102 percent of theoretical densities with occasional values as low 
as 85 percent and as high as 105 percent. The effect of density on 
strength is discussed in Chapter 9, "Test Cylinders and Compressive 
Strength Results."

A major effort was made to accurately determine the unit weight of 
the various mixes and their void or air contents. This was more dif
ficult than originally thought and resulted in a variety of answers 
depending on the method and equipment used to run the test and on the mix 
design tested.

Excavation of compacted RCC so that a sand cone or water balloon 
density could be run was nearly impossible and certainly impractical. 
The RCC simply compacted too tightly and interlocked too well to permit a 
relatively neat excavation without loosening adjacent materials. Neither 
of these test procedures could be effectively and efficiently run.

The nuclear density gage had been evaluated earlier in RCC mixes 
while studying Zintel Canyon Dam as an RCC structure. In the direct 
transmission mode, with the probe at the full depth of the RCC layer, the 
gage satisfactorily indicated in-place densities. At each test location 
during Willow Creek construction, the probe was inserted into a pilot 
hole driven with a hammer and pointed rod. A reading was taken and the 
gage was rotated 90 degrees to the next quadrant for another reading at 
the same probe location. This was continued until four readings (one 
each quadrant) were obtained for each probe location. The average of the 
four readings was considered to be the average density. When the lift or 
layer thickness was less than 12 inches (as allowed within the contract 
tolerances), a probe depth of 10 inches was used. Typically, the layer 
below would have been old enough so that the cement had hydrated and the 
probe could not be driven into it.

As required by contract specifications, at least once every 2 hours 
during placement and at not less than six locations per lift, the nuclear
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density was determined. This resulted in a wide range of values, typi
cally from a low of 143 to a high of 157 pounds pcf. Inspectors were 
instructed not to overreact to occasional low readings. The contractor 
performed all of the testing and reported results each day as shown in 
Exhibit 10.1. The Corps' onsite engineering representative reviewed these 
resirlts daily. They show the average density, number of tests, and stand
ard deviation for each day. Also shown is the moving average density of 
the last 50 tests. In this manner the overall in-place density, any
trends, and changes in variability could easily be spotted without 
studying volumes of individual pieces of test data. As an overall 
average throughout the job, about 10 test locations were checked each 
day. The standard deviation was about 7 pcf and the average density was 
about 154 pcf.

A general trend of increasing density and decreasing standard devia
tion appeared during the first 2 months of operation. The decreasing 
standard deviation is attributed mostly to a "learning curve" for the
operators of both the placing equipment and test equipment. The increas
ing density is attributed partly to a "learning curve" where the placing 
crew became more effective, and partly to placing in larger and more open 
areas instead of over small areas on an irregular foundation. However, 
the prime reason is that less blend fines (at a very low specific 
gravity) were included with the aggregates as the job progressed. After 
the operation stabilized, a general trend was found when comparing den
sity shown in Exhibit 10.1 with moisture shown in Exhibit 11.1. When 
mois*ture increased slightly over a period of time (from about 6 to 8 per
cent in the first part of August) density decreased (from about 155 to 
153 pcf). Conversely, the trend reversed itself later in the month.

Contract specifications required the nuclear gage to be calibrated 
against the actual mixes used. The intent was to use a rigid box of
known volume approximately 1/2 to 1 cubic yard in size which could be 
weighed, and calibrate the gage to each mix with the known density posi
tively determined by weight-to-volume relationship of the mass. The 
importance of doing this was pointed out several times during construe- 
tioii but, in fact, it was never done. The contractor and Resident Office 
erroneously thought that calibration against the standard granite block 
furnished with the gage was accurate. After the job was completed, one
of the gages which had not been subsequently readjusted was sent to the
NPD laboratory along with materials from job stockpiles. Tests showed 
that the gage indicated the unit weight to be 2.25 percent less than it 
actually was. On a small job this may not be significant, but for a job 
the size of Willow Creek (435,000 cubic yards) and at an overall in-place 
cost to the owner of about $20, over $250,000 is associated with the 
discrepancy.

42



Results of the post-construction nuclear gage calibration tests did 
not agree with indications when comparing total batched quantities of RCC, 
determined by automated plant records, with calculated in-place volumes. 
After taking into account wasted loads, block-out concrete,. etc., the 
gage should have indicated the unit weight to have been about 4.25 per
cent more than it actually was. Details of the quantities along with 
discussion about the discrepancy are given in the Disposition Forms shown 
as Exhibits 10.2 and 10.3. The problem has not yet been resolved nor 
does it appear that there is any way at this time to resolve it.

The various methods used to compact test cylinders are described in 
Chapter 9, "Test Cylinders and Compressive Strength Results." Both the 
method of compaction and the cylinder size affected the density. In the 
future, the pole compaction method using 6- x 12-inch cylinders is recom
mended. Table 10.1 shows the average density for each mix, method of 
compaction, and cylinder size. Also shown are the number of tests. A 
more detailed breakdown of the data is given in Exhibit 9.1 along with 
the compressive strengths for cylinders at various ages. Unless specifi
cally noted, the unit weight (density) was determined for the cylinders 
by dividing the saturated surface dry weight (as removed from the cure 
room and allowed to drain of free surface water) by the volume of the 
cylinder mold. This did not account for void spaces around the perimeter 
of the cylinder as was typically occurring with the harsher large aggre
gate RCC mixes.

For practical mixes having moisture contents used during construc
tion, the modified vebee method of compaction simply did not do an accep
table job of consolidation. This is also discussed in Chapters 9 and 11. 
The 9- x 18-inch cylinders generally contained 3-inch aggregate mixes and 
did not consolidate well. The mix with 1-1/2-inch maximum size aggregate 
compacted better but still not as well as in the 6- x 12-inch molds. 
Part of the reason for lower density in the larger cylinders is attributed 
to the interlocking of large aggregate, but part of the reason is also 
believed to be due to the size of the compaction foot. It fit neatly 
inside the diameter of the smaller mold but was much smaller than the 
diameter of the larger mold, so the mix was not as well confined during 
compaction. As an overall average, the vebee cylinders had 5.0 percent 
lower density and the 9- x 18-inch cylinders had 1.7 percent lower den
sity than the pole compacted 6- x 12-inch cylinders. The 6- x 12-inch 
cylinders agreed reasonably well with the theoretical unit weights of the 
mixes, the nuclear gage density, and the unit weights of cores from the 
dam.

Table 10.1 also compares unit weights of cylinders based on the full 
cylinder volume to unit weights based on the volume as determined by sub
merging, them in watqr. This procedure took into account void spaces 
around the perimeter of typical cylinders. An average difference of only 
0.6 percent occurred for the 6- x 12-inch cylinders, but the 9- x 18-inch 
cylinders had an average difference of 3.3 percent.
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TABLE 10.1

AVERAGE DENSITY OF COMPRESSIVE CYLINDERS



TABLE 10.1

AVERAGE DENSITY BASED ON FULL CYLINDER SIZES

Average Density (pcf)_______  No. of Tests
6x12
Vebee

M Ï V - I  VAVj

Diff.

| V- L / U M J  1 U

6x12 
T amped Diff.

9x18
Tamped

6x12
Vebee

• v 1 1 C j

6x12
Tamped

9x18
Tamped

Mix 1 146.1 4.9% 153.3 1.7% 150.7 29 221 49
Mix 2 144.6 5.8% 153.0 2.3% 149.6 11 228 40
Mix 3 146.1 4.5% 152.6 1.7% 150.1 24 228 47
Mix
Avg.

4 146.9 4.8%
5.0%

153.9 1.1%
1.7%

152.3 17 183 45

Average Submerged Density (pcf) No.. of Tests
6x12 6x12 9x18 6x12 6x12 9x18
Vebee Tamped Diff. Tamped Vebee Tamped T amped

Mix 1 152.4 2.7% 156.5 20 9
Mix 2 153.7 0.6% 154.6 - 46 16
Mix 3 155.6 0.5% 154.8 — 51 16
Mix 4 
Avg.

154.6 - - - 11 -

Average Correction Factor 
(%) to Submerged Value
6x12
Vebee

6x12
Tamped

9x18
Tamped

Mix 1 — -0.7% +3.7%
Mix 2 - +0.5% +3.2%
Mix 3 - +1.9% +3.0%
Mix
Avg.

4 - +0.5%
+0.6% +3.3%

TABLE 10.1



EXHIBIT 10.1

RESULTS OF IN-PLACE 
NUCLEAR DENSITY TESTS
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WILLOW CREEK DAM 
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WILLOW CREEK DAM 

IN-SITE DENSITY

MONTH. ) o L y  YEAR J *?3 T L

DATE
1 2 3 4 5 6 7 8 9  10

□  M i l l  1̂ 1 I
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

If? m

AVERAGE
DENSITY
(PCF)

STANDARD
DEVIATION
(PCF)

NUMBER
OF
TESTS

NPW Form 
Jul 82 697 (OT)
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WILLOW CRLEK DAM 
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EXHIBIT 10.2

DISPOSITION FORM DATED 30 DEC 82 
"RCC QUANTITIES AND UNIT WEIGHT"



L> I S  P O S I T I O N  I  O RIV I
For ut» of thit form , m « A R  340-15, th« proponent »9 ?ncy it T A G O .

R E F E R E N C E  O R  O F F IC E  S Y M B O L

NPWEN-FM Willow Creek Dam; RCC Quantities and Unit Weight

TO THRU „ Ch, Est
ù  Ch, E n g Ì ^ f e ^  
^ Ch, Constr Di'Ç / r J

FR0M E. K. Schrader DATÊ30 Dec 1982 CMT 1

TO Engr Files .

1. The purpose of this DF is  to document the current status of the discrepancy 
between neat line calculated yardage in the dam and the quantity of rolled concrete 
batched by records.

2. From a payment standpoint, contract specifications are clear that payment for RCC 
will be the neat line quantity starting from actual rock contours with a few noted 
exceptions. Payment for cement is  based on the designated amount that was to go 
into each cubic yard of each mix, multiplied by the neat line yardage of that mix.
Batch records show less yardage than the neat line quantity, indicating that each yard 
batched contained more than one cubic yard of in-place compacted material. I f  th is
is the case, the actual weight of cement used in each cubic yard was less than the 
amount designated and a corresponding adjustment in cement and f ly  ash payment should 
be made. Unfortunately, there is  conflicting data described below as to whether this 
actually occurred.

3. With the help of the REQ‘s records for progress payments, Foundations and Materials 
Branch has computed the following quantity values for purposes of evaluating the 
discrepancy between batch records and the in-place volume of RCC.

*RCC Gross Volume for Payment Per GDP 434,915 cy

Deductions to determine actual in-place volume for the 
dam proper (not necessarily deducted for payment):

Conventional concrete used at the upstream face in the 
top two l i f t s  181 cy

Spillway and training wall precast panels 154 cy
Spillway and training wall panel bedding 167 cy
Outlet works control building blockout 27 cy
Conventional bedding at upstream face and foundation 2,750 cy
Rebar and anchor bar volume 40 cy
Leveling pad concrete within the RCC prism 81 cy
RCC in the endsill support 1,586 cy
Gallery 3,056 cy

Y

Subtotal for deductions 8,042 cy

Actual RCC volume within the boundaries of the rock contours and 
perimeter neatlines for the dam 426,873 cy

DA auĝ 8o 2496 P R E V IO U S  E D IT IO N S  W IL L  B E  U S E D EXHIBIT 10.2 
Sheet 1 of 4



NPWEH-FM 30 December 1982
SUBJECT: Willow Creek Dam; RCC Quantities and Unit Weight

♦Gross volume does not Include dental concrete encasement 
for the water quality, outlet works, and diversion pipes 
(1455 cy); the volume of the water quality, outlet works, 
and diversion pipes (268 cy); the conventional concrete 
spillway cap (974 Cy); the upstream face panels (1857 cy); 
and dental fill in the foundation.

From batch records, the volume of RCC placed in the dam 1s:

RCC gross volume batched (per REO) 415,077 cy

Deductions:

Waste (per REO records) 1,804 cy
Overbuild and ravel (est. @ 4% inch) 1,958 cy
Endslll Support RCC (neat line) 1,586 cy

Subtotal for deductions 6,348 cy

Batch record RCC volume within the boundaries of the rock contours
and perimeter neat lines for the dam 408,729 cy

4. Volume computations, therefore, show that the contractor placed 18,144 cy 
or 4.25 percent more material than the batch records show. At an approximate 
average in place cost of $20/cy, a substantial value roughly on the order
of $300,000 to $400,000 1s associated with this problem.

5. The first reaction is that the batch counter was off or that it did not 
record all of the batches made. This was not the case. The contractor pro
vided an automated plant (which was not required) that was computer controlled 
and provided a print out of the batch weights of all mix constituents and the 
batch size for eqch batch made. An inspector for the Corps was present in 
the plant whenever RCC was made. Spot checks routinely made by Engineering 
Division personnel 1n addition to the inspectors full time presence showed 
the printer to be working properly. Occasional checks were also made by 
Engineering Division to ensure that the printout values matched with display 
screen values, and that these matched with mechanical scale Indicators. The 
scales were routinely checked with scale weights for verification and found
to be accurate (with the exception of the water gage at the very start of 
the job which was then corrected).

6. Another explanation might be that the batch weights and therefore yield 
for the mix design was off, i.e., each cubic yard by batch weights actually 
made 28.14 cubic feet of concrete instead of 27.00 cubic feet. During 
construction the theoretical batch weights were carefully computed and 
checked for appropriate yield. Adjustments were properly made for specific . 
gravities of the various aggregates as they changed slightly and as the

2

EXHIBIT 10.2 
Sheet 2 of 4



NPWEN-FM 30 December 1982
SUBJECT: Willow Creek Dam; RCC Quantities and Unit Weight

batch ratios of the aggregates were adjusted. Adjustments for changes 1n 
specific gravity of the fly ash were discounted because under the worst 
of conditions they would account for a change of only 0.1 percent 1n yield.

7. Another explanation might be that the compacted mix contained 4.25 percent 
more air or voids than assumed 1n the batch weight and yield calculations, 
I.e., about 5.2 percent to 5.7 percent total air instead of about 1.0 percent 
lu *4 percent. However, the air content (which varied slightly throughout 
the job) was based on ongoing laboratory tests of the mix as it was being 
placed. The lab test might be considered suspect and not representative of
t e In-place material, except that Its compacted unit weight compared very 
closely with the theoretical weight at that air content, and with the In-place 
nuclear density tests.

8. The next question 1s whether the nuclear gage was properly calibrated 
and giving correct values for 1n-place density. If the typical overall 
average of 154 pcf reported was actually about 148 pcf, the compacted volume 
would have been greater per unit weight and the discrepancy between actual 
and batch volumes could be explained. During construction, the Issue of 
nuclear gauge calibration was emphatically discussed by Engineering Division 
personnel. The Contractor had been calibrating h1s gauges against a standard 
granite block that comes with the equipment. There was question during design 
as to whether the block (which works well in Its normal use with chemically 
inert soils and asphalt) would be appropriate when the compacted material
was chemically active concrete. Because of this, contract specifications 
called for the gauges to be calibrated against the actual RCC mix Instead of 
the standard block. The Contractor's quality control personnel argued that 
this was not necessary, but finally conceded to do the calibration with 
freshly compacted RCC. The size of sample and procedure were discussed. 
Engineering Division was assured that the test would be performed. Lab 
personnel from the REO agreed to verify that the test was done and to obtain 
the test results. When results were requested by Engineering Division, 
they routinely were not readily available. At the end of the job, when 
the discrepancy between batch and computed volumes of RCC was discovered,
1t was revealed that, 1n fact, calibration of the nuclear gauge with an RCC 
mix was never done. Samples of job aggregate were then shipped to the 
Division Laboratory and a mix using typical jobsite proportions was made.
One of the nuclear gauges from the job was obtained and used to determine 
the density of the compacted mix. The gauge did not give the correct actual 
unit weights. The theoretical yield and unit weight based on batch pro
portions, and the theoretical low air content were found to be correct.
The gauge did accurately determine moisture content 1n the fresh mix. This 
might explain the difference between batch and calculated volumes In the dam 
except that the error with the gauge was 1n the wrong direction, I.e., 1t 
Indicated the unit weight to be 2.25 percent less than it actually was, whereas 
to explain the discrepancy, 1t should have been 4.25 percent more. It should 
be noted that these tests were run at a probe depth of 12 Inches, but did not 
include a joint surface.
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NPWEN-FM 30 December 1982

SUBJECT: Willow Creek Dam; RCC Quantities and Unit Weight

9. The question becomes one of identifying the average unit weight of a large
mass of RCC in the dam. The suggestion was made to weigh the tension test 
blocks which were recovered for that purpose during construction and are being 
stored at the project. This was not done because the results would be suspect 
for several reasons: First, the samples were deliberately obtained close to
the unconfined downstream face and probably do not have the same compaction
as material at the dam interior which was self confined and was rolled with 
the larger compactors. Secondly, the blocks do not Include whatever void 
space may have occurred at the lift joint. Third, the determination would 
require weighing 1n water which could permit void space to be filled with 
water whereas it would not be filled with water under construction conditions.

10. Four 6-inch diameter core holes are now being drilled from the spillway 
face at an angle that will bring the holes through both the spillway mix and 
the lean interior mix until foundation rock is encountered. Project personnel 
have been asked to closely inspect this work and be certain that all particles 
of material from within the split core barrel are retrieved. Each box of core 
will be weighed in a damp condition immediately after recovery. By knowing 
the total weight recovered, the constant core diameter, and by accurately 
determining the length of hole to rock, an accurate overall average in-place 
unit weight can be calculated. This in turn will allow determination of the 
average yield for the concrete batch proportions used during construction,
and identify the correction factor to be used in determining the actual average 
amount of cement and fly ash in a cubic yard of in-place material.

11. It is worth noting that the Contractor's cement supplier's records show 
that he supplied much more cement than batch records indicate was used. This 
reportedly amounts to 2,800 tons of material. Approximately 1,900 tons can be 
related to overbuild, spillage and encroachment of richer mixes into the 
leaner mixes. The remaining 900 tons is roughly the amount that would be 
necessary to make up the difference in concrete volumes between batch records 
and computed volumes.

ERNEST K. SCHRADER 
Civil Engineer

CF:
RE, Willow Creek
NPDEN-GS&M
Proj Mgr, Weller
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EXHIBIT 10.3

DISPOSITION FORM DATED 7 JUN 83 
"RCC QUANTITIES AND UNIT WEIGHT"



¡ DISPOSITION FORM
f or u&fe o f  ftm  fo rm , *e« AF1 3 4 0  1 r>, the p ro p o  

H L ‘ f H f N (. h: O  R O f T I C  F S Y M B O L

aflency is T A G O .

T O

NPWEN-FM RCC Quantities and Unit Weight, Willow Creek Dam

THRU Ch, Ests Sec ROM E. K. Schrader DATE 7 June 1983
Ch, Engr Div 
Ch, Constr Div

CMT ’

TO Engr Div Files

1. Reference my DF to Engineering files dated 30 December 1982, same subject as 
above. When quantities were calculated to obtain the values shown in the DF, it was 
assumed that the dam was built to dimensions as shown in the contract drawings, sheet 
13 - i.e., that the 8-foot distance from the CBL was measured to the inside (downstream 
face) of the upstream precast face panels instead of the outside (upstream face) of 
them. In fact, the dam was built with this dimension to the outside face. Consequently, 
the quantities in paragraphs 3, 4, 6 and 7 of the DF should be changed to read as 
follows:

d * ~ With the help of the REO's records for progress payments, Foundation ,
and Materials Branch has computed the following quantity values for purposes of 
evaluating the discrepancy between batch records and the in-place volume of RCC.

RCC Gross Volume for Payment Per GDP

Deductions to determine actual in-place volume for the dam proper (not 
necessarily deducted for payment):

Conventional concrete used at the upstream face in the 
top two lifts 181 cy
Spillway and training wall precast panels 154 cy
Spillway and training wall panel bedding 167 cy
Outlet works control building blockout 27 cy
Conventional bedding at upstream face and foundation 2,750 cy
Rebar and anchor bar volume 40 cy
Leveling pad concrete within the RCC prism 81 cy
RCC in the endsill buttress 1,586 cy
Ga11ery 3 !056 c.y

Subtotal for deductions 8,042 cy

Actual RCC volume within the boundaries of the rock contours
and perimeter neatlines for the dam 424,955 cy

*Gro$s volume does not include dental concrete encasement for 
the water quality, outlet works, and diversion pipes (1455 cy); 
the volume of the water quality, outlet works, and diversion 
pipes (268 cy); the conventional concrete spillway cap 
(974 cy); the upstream face panels (1857 cy); leveling pad 
concrete directly beneath the face panels/ but not in the dam 
prism (81 cy), and dental fill in the foundation.

)A au°gr8o 2496 P R E V IO U S  E D IT IO N S  W IL L  B E  U S E D
- EXHIBIT 10.3 
0 Sheet 1 of 2



NPWEN-FM
SUBJECT: RCC Quantities and Unit Weight, Willow Creek Darn

RCC gross volume batched (per REO) 415,077 cy

Deducti ons :

Waste (per REO records) 1,804 cy
Overbuild and ravel (est, @ 4^ inch) 1,958 cy
Ends ill support RCC (neatline) 1 ,586 cy

Subtotal for deductions 6,348 cy

Batch record RCC volume within the boundaries of the rock contours
and perimeter neatlines for the dam 408,729 cy

b. Para. 4 - Volume computations, therefore, show that the Contractor 
placed 16,226 cy or 3.97 percent more material than the batch records show. At 
an approximate average in place cost of $20/cy, a substantial value roughly on 
the order of $325,000 is associated with this problem.

c. Para. 6 - Another explanation might be that the batch weights and 
therefore yield for the mix design was off, i.e., each cubic yard by batch 
weights actually made 28.07 cubic feet of concrete instead of 27.00 cubic feet. 
During construction the theoretical batch weights were carefully computed and 
checked for appropriate yield. Adjustments were properly made for specific 
gravities of the various aggregates as they changed slightly and as the batch 
ratios of the aggregates were adjusted. Adjustments for changes in specific 
gravity of the fly ash were discounted because under the worst of conditions 
they would account for a change of only 0.1 percent in yield.

d. Para. 7 - Another explanation might be that the compacted mix contained 
3.97 percent more air or voids than assumed in the batch weight and yield calculat; 
i.e., about 5.0 percent to 5.5 percent total air instead of about 1.0 percent to 
1.5 percent. However, the air content (which varied slightly throughout the
job) was based on on-going laboratory tests of the mix as it was being placed.
The lab test might be considered suspect and not representative of the in-place 
material, except that its compacted unit weight compared very closely with the 
theoretical weight at that air content, and with the in-place nuclear density 
tests.

2. Previous computations showed an error of 4.25 percent instead of 3.97 percent 
The correct volume discrepancy is 16,226 cy instead of 18,144 cy. In both cases 
the indication is that on the job the nuclear gage showed more unit weight than 
actually occurred, but the post construction calibration shows it read less unit 
weight than actually occurred.

E. K. SCHRADER 
Civil Engineer

CF:
RE, Willow Creek
NPDEN-GS&M
Proj Mgr, Weller
Ch, Geol & Explor Sec
GDP
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CHAPTER 11

WORKABILITY AND MOISTURE TESTS

Because RCC mixes have no slump, the slump cone is not applicable as 
an indicator of workability.

A vebee apparatus and modified vebee with surcharge weight was 
installed at the project laboratory. It turned out to be worthless as a 
practical or effective method of determining workability. As explained 
in Chapter 9, "Test Cylinders and Compression Strength Results," and in 
Chapter 10, "Density and Void Space," it also was not effective in making 
test cylinders.

Most of the reason for this is that practical RCC mixes made under 
production situations at appropriate moisture contents (that do not cause 
bleeding or pore pressure under heavy equipment loads) are just too dry to 
get a consistent and meaningful result from the vebee test. Part of the' 
problem also is due to the fact that additional drying occurs by the time 
a sample is obtained, transported to the laboratory, sieved to remove 
oversize aggregate, and tested.

During construction, workability was controlled by placeability of 
the mix determined by the placing foreman at the time and location of 
placement. It was his responsibility to adjust the water content if 
necessary and advise or discuss it with the inspector. If no inspector
was present, it was still his responsibility to make the adjustment. 
These adjustments were very slight, typically a few pounds of water per 
cubic yard, and primarily were needed to adjust for changes in the 
atmospheric drying conditions throughout the day. Changes in the aggre
gate fines also affected workability and water demand.

With little experience, personnel could soon tell by appearance when 
the workability needed adjustment. As a general rule, the mix had the 
right moisture content when it would not quite "weave" under heavy 
hauling traffic or the roller after four passes for compaction. If any 
free surface moisture bled to the surface, the mix was too wet. In its 
loose state, the proper appearance was when the coarse aggregate did not 
quite have an obvious glisten from free surface moisture. Because of the 
rate of continuous construction and nature of the material, an acceptance 
test procedure for workability during construction was not necessary nor 
is it recommended for future projects.

During construction of Willow Creek Dam, a nuclear moisture reading 
was taken every time a density check was made. As a minimum, this was
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one test every 2 hours but not less than six tests per layer. At each 
test location, the direct transmission mode was used with the probe driven 
to the bottom of the lift. The test value at each location was the aver
age of four readings taken by rotating the gage 90 degrees around the 
probe for each reading. The testing was done for informational purposes 
and was not used as a basis for acceptance/rejection. This frequency of 
testing is not necessary in future work. Results of the tests are shown 
in Exhibit 11.1 as they were reported during the job. Each day the con
tractor would record the average moisture, number of tests, and standard 
deviation. He would also show the moving average of the last 50 tests so 
that trends could be identified. This information has been compared with 
the similarly reported companion tests for density shown in Exhibit 10.1. 
As moisture drifted higher, density drifted slightly lower.

A determination of the theoretical optimum moisture content for com
paction could be made for rolled concrete, but its value is questionable 
and this knowledge may do more harm than good in the field; The potential 
problem is that an optimum moisture will be determined in a laboratory 
test similar to the way it is done for soils, and that field inspectors 
will try to obtain that value in the field. Conditions are continually 
changing in the field which affect the optimum moisture. The optimum 
laboratory value could be far from optimum for the particular mix being 
placed at a slightly different gradation, at a different temperature, and 
with a different shipment of cement. A change in the absorption, plasti
city, and/or amount of fines in the aggregate can affect the optimum 
from say 5.9 percent to 6.8 percent or vice versa. A major problem in 
rep'orting moisture contents is in deciding how to determine them.

At Willow Creek, different values (but not consistently so) were 
coiffinon when comparing the CQM results for moisture to the nuclear density 
results, and when comparing either of those to oven-dry test results. 
Chapter 19, "Concrete Quality Monitor," discusses this equipment and pro
cedure. A concern with all of the test methods is in how much water has 
been "used up" in the hydration process by the time of thé test. Based 
on 135 test comparisons throughout construction, the nuclear gage results 
were about 20 percent higher than the moisture as determined in the labor
atory using the CQM (i.e., 5.99 percent versus 4.92 percent). However, 
at times the nuclear gage indicated lower values than the CQM. Based on 
a random sample of 245 nuclear tests for moisture throughout the job, the 
coefficient of variation with the nuclear gage was 13 percent. The coef
ficient of variation for the CQM was 19 percent.

46



EXHIBIT 11.1

RESULTS OF IN-PLACE 
NUCLEAR MOISTURE TESTS



WILLOW CREEK DAM 

IN-SITE MOISTURE

t

MONTH M A Y  YEAR I9 ft2

DATE

1 2 3 4 5 b 7 8 9 10 1 1 1 2 13 14 15 18 17 18 19 20 21 22 23 24 25 28 27 28 29 30 31ini i.n i i ri iiii i i i ri.m i I l.i.m
10

AVERAGE
8

MOISTURE 6

(PERCENT) 4

2

0

X
_________ ________ — _________ — *1 .. b j ir- .

K ] — — X A X A
X x ■■

STANDARD
DEVIATION
(PERCENT)

NUMBER
OF
TESTS

NPUI Form 
Jul 82

897-1 (OT)

EXHIBIT 11.1 
Sheet 1 of 5



WILLOW CREEK DAM 
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CHAPTER 12

ADMIXTURES
(Freeze-Thaw and Wet-Dry Durability)

The benefit and effectiveness of admixtures for entraining air and 
for water reducing/retarding were evaluated in the rolled concrete. 
Based on laboratory studies and field experience, there was no benefit 
regardless of dosage or mix design. In fact, the laboratory data indi
cates there may be a reduction in workability with increasing admixture 
dosage and a slight reduction in strength. Field observations indicated 
no strength or workability difference at dosage rates of 0, 3, and 6 times 
the normal recommended dosage. There also was no noticeable effect on 
set time. The admixture used during construction was Master Builder's 
pozzolith 300 N.

Discussions with suppliers of different admixtures confirmed that 
they do not have nor do they currently know how to formulate admixtures 
that would be effective in RCC. The main reasons for this are the low 
cement factor and the fact that no fluid paste develops in the mix. A 
suggestion for future testing is to try a batching/mixing procedure that 
mixes the cement/fly ash in a slurry with the admixture and water and 
then injects it into the mixer with the dry aggregates. All of the mix 
water would be used to make the initial slurry.

Exhibit 12.1 at the end of this section shows results of laboratory 
mix evaluations with the admixtures. Dosages were tried up to about 10 
times the normal reconimended rate without benefit. Also shown in the 
exhibit ‘are durability results for standard and nonstandard tests eval
uating wet-dry and freeze-thaw tests without the benefit of admixtures. 
Plates 9.9 through 9.13 show the effect of water-reducing admixture on 
strengths when evaluated under continued production conditions. Data 
for th$se graphs is based on several days of continuous production con
sisting of about six shifts and 7,722 total cubic yards using all of the 
RCC mixes.

Laboratory tests of RCC for Willow Creek and other RCC mixes show 
that when using standard ASTM test procedures, RCC has poor freeze-thaw 
resistance. Tests at the Treat Island exposure station in a tidal zone 
with combined wet-dry/freeze-thaw cycles also showed poor durability. 
However, observations of rolled concrete fills and test slabs exposed to 
the local environment near Portland, Oregon, (Zintel Canyon erosion 
panels) show no deterioration. Wet-dry tests of the Willow Creek mix 
were run through 300 cycles and showed no deterioration. A modified
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EXHIBIT 12.1

EFFECT OF ADMIXTURES ON RCC



freêze-thaw test more typical of what happens in the worst of local con
ditions was also run with moderate loss of mortar after about 100 cycles; 
the rate of deterioration then decreased and the test was stopped at 155 
cycles. Relative dynamic modulus tests were run also and show signifi
cant reductions with freeze-thaw cycles, but it should also be remembered 
that these tests are on only the 1-inch-minus portions of the mix, using 
a relatively small sample, and under saturated conditions. It is not 
considered to be representative of the mass material, full mix, and expo
sure conditions at Willow Creek Dam.
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WILLOW CREEK DAM

nrr

Summary of RCC Mixes Batched with Air-Entraining 
and Water-Reducing Admixtures

Mix -  

No.

Admixture^
NPDL
No.

AEA ,
fl oz/cwt

WRA ,
fl oz/cwt

1866
(Control)

80+32 None None

1938 80+32 None 12

1942 80+32 None 16

1940 80+32 None 20

1937 80+32 12 None

1869
(Control)

315+135 None None

1939 315+135 6 None

1941 315+135 16 None

On Minus 1 1/2-inch Concrete
Compressive Strength, psi 

Air, Vebe, __________Age Days_________
% Seconds 7 28 56 90 180

0.9 22 470 830 1070 1390 1860

1.1 14 _ 760 1310
- 770 - 1290 —

760 1300

0.8 14 280 730 1080 1250 1550
280 800 1100 1250 1760
280 760 1090 1250 1660

1.3 16 - 780 — 1300 _
- 720 - 1350 —

750 1320

1.3 21 - 790 — 1250
- 770 - 1180 —

780 1220

0.8 23 2520 4310 4780 5250 5710

1.2 18 3520 - 4300 -
- 3810 - 4690 -

3670 4500

1.8 14 3350 4050 -
3490 4440 -
3420 4250

Mixes batched using Masterbuilders LL-920-A Plasticizer & AEA and Pozzolith 
300R WRA.

EXHIBIT 12.1



CHAPTER 13

MODULUS OF ELASTICITY

The modulus of elasticity at early age was determined in tension on 
approximate 1-cubic-foot blocks sawn from the dam. These tests are 
discussed further in Chapter 14, "Direct Tension Tests." Plate 14.1 
shows removal of the blocks from the dam. At ages varying from 64 to 270 
hours, mix 3 (175 pounds of cement plus 80 pounds of fly ash) had an 
average value of 0.97 x 10® psi. Mix 4 (315 pounds of cement plus 135 
pounds of fly ash) had an average value of 1.15 x 10® psi. There did not 
appear to be a noticeable or predictable change in modulus (in tension) 
within this range of test ages.

The modulus of elasticity in compression was tested on many job cast 
cylinders at the Resident laboratory. Exhibit 13.1 shows the modulus 
values and stress-strain relationships for each cylinder tested. This 
included mixes 1, 2, 3, and 4 at ages of 3, 14, 28, and 90 days. The 
intent was to accurately determine how the modulus developed with time 
for each mix as well as to determine absolute values. Results from this 
testing (by ASTM method C 469) were varied. Each graph contains results 
of two companion cylinders made at the same time from the same mix and 
tested at the same time by the same personnel. In essentially all cases 
the stress-strain behavior of the companion cylinders agrees very well. 
However, there is a tremendous variability when comparing different com
panion cylinder sets of the same mix and age. Modulus values range all 
the way from about 1 x 10® to 13 x 10® with no explanation. One thought 
is that the large aggregate pieces are in direct contact with each other 
in some cases, resulting in high modulus values influenced mostly by the 
dense basalt pieces. In other situations a very slight increase in the 
amount of fines in the mix separated them just enough to allow the 
aggregates to "slip" under compression through a relatively soft mortar 
high in natural fines content. Another opinion, however, is that the 
batch-to-batch modulus does not vary as much as indicated by these tests, 
and that the variability is related more to the actual test procedure 
used.

During preliminary mix design studies, modulus of elasticity tests 
were run at the NPD laboratory using strain gages (two per cylinder) 
instead of with the ASTM C 469 rigid frame with dial gages. This proce
dure gave usable results with good correlation of data between test 
cylinders. The results of these tests along with Poisson's ratio are 
shown in Table 13.1. It should be pointed out that cement, ash, and 
aggregates for these initial mixes were very similar to, but slightly
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different from, those used during construction. Also, the modified vebee 
method of compaction was used to make the test specimens which, as dis
cussed, is not the recommended procedure. Consequently, the associated 
strength data in this table is less than that which occurred during 
construction.

An accurate determination of the modulus of elasticity and how it 
developed with time in the structure was determined by a special test 
procedure recommended for future work. Results are shown on Plate 13.1. 
For this test, jobsite materials were brought to the NPD laboratory and 
the job mix was identically reproduced. Samples were made for testing at 
a variety of ages starting from the time of initial set. Cylinders were 
cast in 9- x 18-inch rigid steel molds using the full 3-inch aggregate 
mix and tamping method. Carlson strain meters were embedded in each 
cylinder, and strains were read to the millionth of an inch per inch. An 
initial mix temperature of 60 degrees F was used to duplicate conditions 
being experienced at that time during construction. In addition, the 
temperature of each cylinder during cure was kept in an environment that 
duplicated the internal heat rise within the dam. The test was performed 
only on the interior mass mix. The modulus developed linearly with time 
from the initial value of 0 to a value of 2.95 x 106 psi at 12 days. The 
rate of development in modulus then decreased. A 28-day value of 3.81 x 
106 psi was ultimately achieved, which appears to be the correct sustained 
modulus value.



TABLE 13.1

MODULUS OF ELASTICITY OF 
DESIGN MIXES

NOTE: These results are from tests 
on the 2-inch minus fraction of the 
mixes, determined in compression on 
6- x 12-inch cylinders using strain 
gages.



TABLE 13.1

MODULUS OF ELASTICITY
AND POISSON'S RATIO

Age Mix
Test (Pays) 80+32 175+00 175+80

28 1.59 2.67 2.91
Modulus of Elasticity 90 1.91 2.78 3.25

(x 106 psi) 180 2.82 3.86 4.42

28 0.14 0.19 0.21
Poisson1's Ratio 90 0.17 0.18 0.21

180 0.21 0.21 0.22

TABLE 13.1
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EXHIBIT 13.1

MODULUS OF ELASTICITY 
TEST RESULTS (FIELD LABORATORY)

NOTE: Each line plotted on the attached graphs was
defined by approximately 25 to 75 individual points. 
In all cases, at least 96 percent of the points essen
tially plotted exactly on the line shown. There was 
virtually no scatter of data. The points have not been 
shown for the sake of clarity. Each sheet shows the
result of two companion cylinders made at the same time 
from the same mix and tested at the same age. Many of 
the test results are included here because of the 
importance of being aware that with the ASTM C 469 
method and field cylinders there was excellent agreement 
of data between companion cylinders, but tremendous 
variation between different sets of companion cylinders. 
(Results of an additional 50 tests are similar.)
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MIX: 80+32
AGE: 3 DAYS
CYL NO: SR 190 A&B
^ELASTIC = 1-00x10  ̂ PSI

STRAIN (X10-6 IN/IN)
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MIX: 175+00 
AGE: 7 DAYS
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MIX: 175+00 
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AGE: 28 DAYS

EXHIBIT 13.1 
Sheet 29 of 42



MIX: 175+80
AGE: 28 DAYS

EXHIBIT 13.1
I_____________ _________________________________________________________ Sheet 30 of 42

¡1______________________________________________________:_:________________________________________________________________________ ;_



I

I EXHIBIT 13.1 
Sheet 31 of 42



MIX: 175+80
AGE: 28 DAYS
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MIX: 315+135
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CHAPTER 14

DIRECT TENSION TESTS

A group of 10 blocks from both the spillway mix (1-1/2-inch aggre
gate, 315 pounds of cement per cubic yard and 135 pounds of fly ash per 
cubic yard), and the downstream face mix (3-inch aggregate, 175 pounds of 
cement per cubic yard and 80 pounds of fly ash per cubic yard) were cut 
from the dam and tested in direct tension. Plate 14.1 shows removal of 
the blocks. They were approximately 1 cubic foot in size and went 
through the full lift thickness. The samples were sawn and removed early 
on a Monday morning from material placed on Saturday night, about 36 hours 
earlier. The temperature of the concrete during this time varied with 
ambient conditions that ranged from 58 to 75 degrees F. The samples were 
moved to the standard moist cure room where they remained until testing 
and preparation for testing.

Because the samples were taken near the unconfined downstream face, 
it was expected that they may not have achieved the same degree of com
paction as the mix did in the interior. It was readily apparent from the 
saw-cut faces that the mix received the same or very nearly the same com
paction as the interior mix. Apparently only about the outside foot or 
less of material was not fully compacted. These samples were about 2 
feet in from the edge.

Coring of RCC at an early age has resulted in very poor quality 
samples severely damaged by the coring operation. However, the saw
cutting operation with careful handling resulted in little or no damage. 
All 20 of the 20 samples cut were successfully retrieved. Asphalt 
impregnated roofing paper was used as a bond breaker between the RCC 
layer being cut and the lift below. Even with this precaution, the 
blocks had to be carefully wedged, pried, and pulled with a strap to 
remove them. In all samples, the lower portion of the mix was compacted 
into the roofing paper. Close examination indicated a tight mechanical 
contact conforming to the shape of the top of the lower lift surface. 
Surface area contact, although quite good, did not appear to be 100 per
cent over the interface.

The samples were tested in direct tension by epoxying heavy stif
fened steel iplates to opposite sawn faces and pulling these in the field 
laboratory testing machine. t Gages were attached to the plates on opposite 
sides of the specimen during the test to measure elongation with increas
ing load. The results were averaged and used to compute both strain
capacity and modulus of elasticity. The purpose of these tests was to

\
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obtain material property information on the actual construction mix as 
placed in the field and to use this information to determine when or if 
insulation was needed to prevent surface cracking from thermal shock 
during the cool fall nights. Each of the mixes was tested at ages of 
2-1/2-, 4-, 6-, 10-, and 20-days age. Two companion tests were made of 
each mix at each test age.

Plate 14.2 shows the tensile strength of each mix as a function of 
age. Plate 14.3 shows the strain capacities as a function of age. Using 
the graphed line defined by the data (a statistical least square fit), 
tensile strain capacities at 1 week of 74 and 110 millionths are iridi- 
cated for the 175+80 and 315+135 mixes, respectively. For comparative 
purposes, strain capacities previously determined by the Division labora
tory on fast load beams at 1 week were 54 and 100 millionths, respec
tively. It should be noted that most of the scatter of data for strain > 
is attributed to the fact that electronic strain gages were not available 
in the field, so "ten thousandth" dial gages with less accuracy were used.

Based on a composite analysis of data from this series of tests, it 
was concluded that the modulus of elasticity was fairly constant for the 
age of 3 to 10 days at a value of 1.00 x 10^ psi for the 175+80 mix, and 
1.15 x 10^ psi for the 315+135 mix.
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CHAPTER 15

JOINTS AND SHEAR BETWEEN RCC LAYERS

As discussed in Chapter 18, "Temperatures and Thermal Behavior," and 
in the project design memorandum, monolith joints were not necessary at 
Willow Creek Dam. Detailed analysis showed that with the placing
controls and at the production rates required by contract, the RCC mass 
mix had sufficient strain capacity and creep to accommodate long-term 
internal cooling with no vertical joints. Other projects could require 
monolith jointing or a form of controlled cracking. Procedures for 
doing this are available if needed.

An idea of the typical condition across layer-to-layer RCC joints 
can be developed from inspecting cores obtained to date. Plates 8.1
through 8.5 show typical photographs of these cores and Chapter 8, 
"Cores," discusses them. A better feel of joint integrity can be devel
oped from inspection of the saw cut across a series of about five consec
utive layers made in the interior lean mix from the gallery. This is
shown in the photograph on Plate 17.1. It is difficult or nearly 
impossible to easily identify the interface between the layers. A 
conclusive evaluation of joint integrity will be made from inspection, 
pressure tests, shear tests, and direct tension tests of the large 
diameter cores to be obtained out of the dam in the summer of 1983 as 
discussed in Chapter 24, "Future Evaluations and Testing."

Substantial study was done concerning the interface between succes
sive layers of RCC and the resulting strength or resistance to sliding. 
Large blocks were sawn from the Corps test fill (constructed with full- 
size production equipment) and subjected to direct shear across the 
layer-to-layer contact. Various confining pressures were used correspond
ing to different loads that would actually occur in the structure. The 
test setup is shown in the photograph on Plate 14.1. The shear load was 
hydraulically applied by a loading block. The confining load was main
tained at a constant level through independent hydraulics so that the 
behavior with continued sliding could be monitored and so that overriding 
of surface irregularities was permitted without increasing the confining 
pressure. The results shown on Plate 15.1 were very impressive. Cohesion 
(the unconfined bond strength) varied from about 100 to 180 psi, depending 
on the cement plus fly-ash content, but the "phi" angle (increasing 
resistance to sliding with increasing confining load) was essentially con
stant at about 60 to 65 degrees. By itself, the range in cohesion values 
indicates that there could be significant differences in the resistance 
to sliding for thè various mixes but, because the actual energy required
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to slide the mass is a function of area under the curve, the total 
resistance to sliding is quite similar for each mix. It is worth noting 
that using standard structural analysis, a shear of only 30 psi and a 
0-degree phi angle would have provided a statically stable structure at 
Willow Creek Dam.

This first set of tests was run at ages between 200 and 300 days. 
The samples were compacted with the 10-ton vibratory roller and there was 
about 3 hours time between placing of the lifts.

Based on observations of mix behavior, the apparent time of set, and 
the response to rolling, it was judgmentally determined that adequate 
joint integrity for Willow Creek Dam could be achieved if the surface of 
each layer was kept clean and damp and if it was covered with the suc
ceeding layer before the surface reached a maturity of 1,600 degree F 
hours. This would easily provide the necessary resistance to,sliding and 
was thought to also result in a reasonably watertight joint that might 
initially allow some seepage but that would effectively seal itself with 
time. The 1,600-degree-hour requirement was used in the contract and 
increased to 2,000 degree hours during construction. As discussed below, 
joint maturity is now better understood and allowable limits can be 
estimated with more confidence. Maturity was determined by recording the 
surface temperature with clock-type continuous graphical recorders placed 
on the surface, and cumulatively adding the temperatures at 1-hour 
intervals.

A series of followup tests was run during construction to help 
better define the factors affecting shear between successive RCC layers 
for this and for future projects. For these tests a series of slabs, two 
lifts thick, was made in the Division laboratory using different treat
ments, mixes, test ages, and delays between lift placement. Compaction 
was with a single drum walk-behind vibratory roller delivering approxi
mately 130 pounds of dynamic force per inch of drum width rather than 
with the 10-ton production roller which delivers 400 to 500 pounds of 
dynamic force per inch of drum width. Large test blocks (approximately 1 
square foot of shear surface area) were sawn from these test slabs and 
tested with the same procedure described earlier.

Results of the tests are shown in Plates 15.2 through 15.16. The 
graphed lines shown on the plates are based on a statistical least 
squares fit of the data points. Several conclusions can be positively 
made and others can be inferred from the results.
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1. Shear strength along joints of RCC layers can be accurately pre
dicted. It follows a predictable pattern of increasing resistance to 
sliding with increasing confining load.

2. The reduction in compactive effort from about 400 or 500 pounds 
per inch of drum width for the production roller to about 130 pounds per 
inch of drum width for the walk-behind roller reduces the phi angle from 
about 60 degrees to about 45 degrees.

3. Cohesion or unconfined bond strength is relatively unaffected by 
compactive effort within the range of normal vibratory rollers used in 
the construction industry regardless of whether they are the small walk- 
behind type or the large self-propelled type.

4. Increasing the cement plus fly-ash content increases cohesion 
(unconfined bond strength) but does not appreciably affect the phi angle. 
When fully analyzed, the overall benefit from increasing the 
cement content has little effect on total sliding stability. It probably 
benefits watertightness of the joints (cohesion) but the benefit should 
be carefully considered along with the offsetting undesired effects of 
higher internal temperature, faster hardening of the surface, and cost. 
It is suspected that increasing the fines content through aggregate gra
dation will also increase watertightness without the same undesirable 
effects.

5. Cohesion (unconfined bond strength) increases with age of the 
concrete. As with increasing cement content, cohesion increases with age 
but the overall total resistance to sliding when fully analyzed is not 
greatly increased.

6. Increasing age of the concrete does not appreciably affect the 
phi angle.

7. Assuming that the joint surface is kept continuously damp until 
it is covered with the next layer of RCC, shear strength and bond are 
essentially the same regardless of whether the layer is placed after the 
joint reaches a maturity of 1,200, 1,600, or 2,000 degree F hours. This 
condition was found to hold true for different mixes and test ages 
although there is an indication that after about 2,000 degree hours long
term total shear resistance may begin to be adversely affected. Based on 
the test results and observations during construction, there probably are 
three maturity conditions to be recognized.
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(a) Less than about 400 degree hours: There will be a tight, 
well bonded, high strength joint. It may be difficult to locate the 
joint after sawing across it in a mature sample.

(b) About 400 degree hours to about 3,000 degree hours: There
will be more than adequate shear strength across the joint and reasonable 
bond integrity in the mass but a definite Weakened plane will occur at 
the interface. Depending on cement content and the amount of fines in
the aggregate, the joint may be susceptible to some seepage. If care
fully cored or sawn after the concrete has matured, the joint location 
will be fairly obvious but normally hold together under its own weight. 
If jarred or struck with a hammer in an unconfined condition, it probably 
will separate at the joint. Within the 400 to 3,000 degree Hour range, 
the quality of joint probably begins to decrease at about 2,000 degree 
hours.

(c) In excess of about 3,000 degree hours: A cold joint con
dition exists. Resistance to sliding will be adequate but the joint prob
ably will not be watertight. If cored or saw cut, the joint will be
apparent and separate relatively easily.

8. The idea that the RCC surface must be kept continually damp
until placing the next lift may be in error. In fact, the adverse
effects that can result from overwatering, tracking mud, etc., during 
construction as discussed in Chapter 6, "Transporting and Spreading RCC," 
may outweigh the benefits (if they actually occur). There is limited 
test data so the results should be used cautiously, but Plate 15.16 shows 
that RCC placed on a clean previous layer of RCC which was allowed to air 
dry over a 1,600 degree hour period had a higher bond strength (cohesion) 
than the companion sample that was kept damp. However, another sample 
that was allowed to air dry but also used an RCC "bedding" mix at the 
interface to the next layer fell apart before it could even be tested. 
This probably was the result of the bedding mix as discussed below.

9. The RCC bedding mix (high cement factor RCC mix with 3/4-inch 
aggregate) is expensive; difficult to mix, spread, and work with in the 
field; and it probably does more harm than good. In the laboratory it can 
be carefully applied to the lift surface and tested, but even there it 
showed no significant improvement in the best test (Plate 15.15). In 
another test (which also allowed the surface to air dry) the sample fell 
apart at the joint (Plate 15.16). The bedding is discussed further in 
Chapter 17, "Bedding Mix, Gallery, and Reinforcing Steel."

A series of triaxial shear tests has been run on the limited number 
of 6-inch cores obtained earlier from the dam. These cores crossed the
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layer-to-layer joint interface at an angle of about 25 degrees to the 
core axis. The tests were run at confining loads equivalent to 0 and 55 
feet of dead load concrete mass, and at an internal pore pressure repre
senting full hydrostatic uplift of 55 feet of water for the confining 
load of 55 feet of concrete mass. Testing was done in a stabilized con
dition of saturation. The resulting shear resistance was extraordinary. 
At no confining load the average shear resistance was 660 psi. At the 
confining load of 55 feet of concrete with 55 feet of hydrostatic uplift, 
the shear resistance averaged 766 psi with values as high as 1,415 psi.

57





S
H
E
A
R
 
S
T
R
E
S
S
 
^
 (
P
S
I
 )

175+80 MIX

CONFINING STRESS O' (PS I)

PLATE 15.1



SH
EA

R 
ST

RE
SS

 '
b'

(P
SI

 )
/



SH
EA

R 
ST

RE
SS

 T
(P

S
I 

)

PLATE 15.3



SH
EA

R 
ST

RE
SS

 r
 (

P
SI

 )

PLATE 15.4



SH
EA

R 
ST

RE
SS

 ^
 (

PS
I )

PLATE 15.5



SH
EA

R 
ST

RE
SS

 '
V(

PS
I)

CONFINING STRESS ^T(PSI)
15.6PLATE



SH
EA

R 
ST

RE
SS

 T
 (

P
SI

)

‘M M ,¡Aititi«: i.litj',! j-wur.-,¿ti*  Vu.* d to > fc /:» » i.>VV vV-W ’*ùf *i r U M t ’S  > .,* V  A W »» ... V . -' if .  u ¿ ¿ \ ,  » i--,. "■ t\,¡̂ L'»r.'UÍ> V','Avt.V. V,V .¿»¿ftA.»» . : áV̂ iN-'V,-V̂  V*M V̂t.,..■■Vi'



SH
EA

R 
ST

RE
SS

 
T

(P
S

I)

PLATE 15.8



SH
EA

R 
ST

RE
SS

 2
"(

PS
I 

)

PLATE 15.9



SH
EA

R 
RE

SI
ST

AN
CE

 '
t'
(P
SI
)

350

2000° HR (A )

1200° HR (X )  

1600° HR ( 0 )

TEST AGE 35 DAYS
3-INCH AGGREGATE
80 LBS CEMENT/CY
32 LBS FLY ASH/CY
THE JOINT SURFACE WAS KEPT DAMP
FOR THE MATURITY SHOWN PRIOR TO
PLACING THE L I F T  ABOVE I T .

IN SITU SHEAR TESTS AT JOINTS

_L
50 100

J _________I 
150 200

CONFINING STRESS <r~(PSI)

I
300

PLATE 15.10



SH
EA

R 
ST

RE
SS

 T
(
P
S
I
 )

1 200° HR (X )

2000° HR (A)

TEST AGE 35 DAYS
3-INCH AGGREGATE
175 LBS CEMENT/CY
80 LBS FLY ASH/CY
THE JOINT SURFACE WAS KEPT DAMP
FOR THE MATURITY SHOWN PRIOR
TO PLACING THE L I F T  ABOVE I T .

IN SITU SHEAR TESTS AT JOINTS

50 100 1 50 200 250

CONFINING STRESS cr(PSI)

300

PLATE 15.11



SH
EA

R 
RE

SI
ST

AN
CE

 "
£

(P
S

I)

100

1200° HR (X )

2000° HR (A)  

1600° HR (0 )

TEST AGE 90 DAYS
3 - INCH AGGREGATE
80 LBS CEMENT/CY
32 LBS FLY ASH/CY
THE JOINT SURFACE WAS KEPT DAMP
FOR THE MATURITY SHOWN PRIOR TO
PLACING THE L I F T  ABOVE I T .

50

__L
50

IN SITU SHEAR TESTS AT JOINTS

100 150 200 250

CONFINING STRESS ^ ( P S I )

300

PLATE 15.12



SH
EA

R 
ST

RE
SS

't
 (P

S 
I )

400

HR (X )

° HR (A )

150 -

100 -

50 -

TEST  AGE 90 DAYS 
3-INCH AGGREGATE 
175 LBS CEMENT/CY 
80 LBS FLY ASH/CY
THE JOINT SURFACE WAS KEPT DAMP FOR 
THE MATURITY SHOWN PRIOR TO PLACING 
THE L I F T  ABOVE I T .

IN SITU SHEAR TESTS AT JOINTS

- J ---------------------1------------------------ 1________________ i _
100 150 200 250

C O N F I N I N G  ST RESS C T ( P S I )

_____ I _________
300

PLATE 15.13



SH
EA

R 
ST

RE
SS

 2
^(

PS
I)

350

300

250

200

/

JOINT SURFACE 
AIR DIRED

/ <■

/
/

/
/

/
/

/
/

/
/

/

JOINT SURFACE 
KEPT DAMP

/

150

100

TEST AGE 35 DAYS 
3 - INCH AGGREGATE 
80 LBS CEMENT/CY 
32 LBS ASH/CY
THE JOINT SURFACE WAS KEPT 
IN THE CONDITION SHOWN FOR 
1600° HR PRIOR TO PLACING 
THE L I F T  ABOVE I T .

5 0 -

IN SITU SHEAR TESTS AT JOINTS

50
- I _______________ I_
100 150

— 1-----------1_

200 250

C O N F I N I N G  ST RE SS ^—( P S I )
PLATE 15.14



SH
EA

R 
ST

RE
SS

 ^
(P

S
I 

)

400

350

PLATE 15.15



SH
EA

R 
ST

R
ES

S 
X 

(P
S

I 
)



CHAPTER 16

RCC TO FOUNDATION ROCK CONTACT

The geology of the foundation and its discussion will be contained 
in a separate project foundation report. The interface between the rock 
and concrete is discussed here. For general information, rock contours 
of the foundation contact area are shown on Plate 16.1.

Cleanup operations used were typical for any concrete gravity dam 
although an effort was made to recognize that "clean" did not mean per
fect. There was no technical reason to obtain a better interface between 
the rock and RCC than between RCC layers above it. Most cleaning was 
done with water washing and a large vacuum capable of picking up water, 
sand, debris, and rock up to about 3-inch size. Deep holes in the founda
tion were filled with enough lean mix 2,500-psi dental concrete to level 
the area so that RCC could be hauled into the area, dumped, and spread.

A special conventional concrete bedding mix was spread over the 
foundation rock just prior to placing the RCC. The mix had a high slump 
(about 5 to 7 inches), high sand content (about 48 percent), and 3/4-inch 
maximum size aggregate. The strength requirement was for 2,000 psi in 90 
days.

The bedding was spread as thin as could be done while still covering 
all rock areas - generally about a 1-inch average thickness but with 
variations from about 1/4-inch to several inches. RCC was dumped, 
spread, and compacted over the bedding before it began to set. Original 
requirements were to use the mix and place RCC on it within 45 minutes of 
batching when the temperature was above 85 degrees F, and within 1-1/2 
hours of batching when it was cooler. This was quite restrictive and 
resulted both in wasted concrete and not always having the mix onsite 
when needed because of concern for scheduling. The problem was solved by 
including a high dosage of retarder which allowed a full load of bedding 
to be on standby at the site for up to 4 hours at 100 degrees F. Plate
16.2 shows foundation cleanup and application of the bedding.

A series of 6-inch-diameter cores has been taken through the RCC and 
into the foundation. In all cases there was excellent contact. Plates
8.2 and 8.5 show photographs of some of these cores. The foundation con
tact of these cores was tested in direct shear using varying confining 
pressures. The test procedure was similar to that described in Chapter 
15, "Joints and Shear Between RCC Layers." The foundation portion of the
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core contained jointed pieces of basalt as they existed in situ . They 
were pieced together for the test i f  needed and end capped with soft gyp
sum so that the confining load could be applied. The shear force was 
applied through an oversized heavy steel co lla r that allowed the sample 
to deform and the surface to "override" while s lid in g  or shearing. Plate 
16.2 shows one of the samples prepared for test.

Results of the tests are shown in Plates 16.3 through 16.5. They 
include the three conditions that occurred during construction: (1) RCC
to foundation rock with conventional bedding mix at the interface, (2) 
RCC to dental f i l l  concrete, and (3) dental f i l l  concrete to foundation 
rock. The bedding to rock bond tested out at about 250 psi. The phi 
angle (increase in resistance to s lid in g  with increase in confining load) 
was an astounding 77 to 89 degrees depending on the test specimen. As 
bond was broken and the samples began to slide, the resistance to con
tinued s lid in g  increased with a resu lting increase in the phi angle as 
shown.
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CHAPTER 17

BEDDING MIX, GALLERY, AND REINFORCING STEEL

A special bedding mix of RCC was required between surfaces that were 
not covered by the subsequent layer within 1,600 degree hours as measured 
by the time-temperature surface maturity. This bedding was also intended 
for use around reinforcing steel. The mix was a relatively high cement 
factor no-slump mix using the 3/4-inch RCC aggregate with 330 pounds of 
cement and 135 pounds of fly ash per cubic yard.

The main purpose of the mix was really to act as a deterrent to the 
contractor so that he would keep production moving fast enough to prevent 
cold joints (there was no additional payment for the bedding mix). Mostly 
because of noise restrictions and community concern, RCC placing was 
stopped on Sundays. Consequently, a cold joint occurred essentially every 
Monday morning.

The effect of the mix on the joint strength is discussed in Chapter 
15, "Joints and Shear Between RCC Layers." When it became evident that 
the bedding mix was probably doing more harm than good, that the contrac
tor in fact was not causing unnecessary cold joints, and when results were 
received on the supplemental shear test, field personnel were advised to 
relax the original 1,600 degree hour definition of a cold joint and use 
2,000 degree hours. Unfortunately, the inspectors did not always do 
this, apparently not appreciating the undesirability of the RCC bedding.

The bedding also was intended for use around reinforcing steel 
located throughout the stilling basin floor, above the gallery, and below 
the gallery. Soon after the difficulty in effectively spreading and 
handling the bedding was realized, placing at the reinforcing steel with 
the standard 1-1/2-inch aggregate RCC spillway mix was tried. This 
worked very well and was followed for the rest of the job. As shown by 
the cores on Plates 8.1, 8.3, and 8.5, where the RCC bedding was used it 
broke out in pieces or as a disc separated from the rest of the RCC. 
Where the 1-1/2-inch RCC mix was used without the bedding, very good 
embedment of the bar resulted and the joint surface was good.

Above the gallery, the conventional concrete bedding mix used at the 
foundation to RCC contact was spread in a strip from abutment to abutment 
and about 1 to 2 feet behind the upstream face panels to provide better 
joint bonding and watertightness as indicated on Plate 17.1. This is 
described further in Chapter 23, "Reservoir Raise, Seepage, and Grouting." 
It appeared to have worked well but has not yet been cored. The bedding
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was also used over a larger t r ia l  area between cold jo in t layers, as were 
t r ia l  mortar mixes. These areas are scheduled to be cored, inspected, 
pressure tested, and evaluated during the summer of 1983. The update to 
th is report, scheduled for October 1983, w ill include resu lts of that 
investigation.

Specifications allowed the ga lle ry  to be established by several 
methods including: (1) forming, (2) precast concrete segments, and (3) 
by simply f i l l i n g  the ga lle ry  area with uncemented aggregate during place
ment of adjacent RCC and then excavating out the aggregate after the RCC 
hardened. The fill/excavation  method was selected by the contractor as 
the fastest and least expensive. From an engineering standpoint, it  is  
the most desirable and leaves a natural RCC in te rio r surface for inspec
tion. Plate 17.2 shows the ga lle ry  and in te rio r RCC appearance at the 
ga lle ry  wall.
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C O R P S  O F  E N G IN E E R S U. S. A R M Y

MUCKING OUT AGGREGATE FILL 
FROM THE GALLERY,

SAW CUT

CHIPPED OUT RCC FACE

GALLERY AND REINFORCING STEEL IN THE RCC 

________ T_______ ______________________ PLATE 17.2

GALLERY WALL

VERTICAL SAW CUT CROSSING SEVERAL 
JOINTS BETWEEN RCC LAYERS IN THE 

LEAN INTERIOR RCC MIX AT THE 
GALLERY WALL.

REBAR EXTENDING THROUGH THE RCC 
INTO THE END SILL AREA FROM THE 

STILLING BASIN.

ROUGH MUCKED GALLERY. GALLERY AFTER CLEANING.

CO N T .  NO. V O L .  N O .



CHAPTER 18

TEMPERATURES AND THERMAL BEHAVIOR

The thermal behavior of the RCC was one of the most important aspects 
of design. The project design memorandum explains how the thermal studies 
were done, the results, and their importance. In essence, the thermal 
study established the construction schedule which was then mandated to 
the contractor. This required producing at least half of the aggregate 
during the winter so that it was put into huge stockpiles where it stayed 
cool for use during the warmer months. It required RCC placing to start 
by 1 May. It required a plant capacity of at least 400 cubic yards of 
RCC per hour and placement at a rate of at least, one lift for every three 
shifts but not more than three lifts every two shifts. The thermal study 
took into account predicted normal warm and cool weather, the effect of 
the aggregate, the effect of wind and sun, the geometry of the structure 
(the amount of concrete in each lift), the adiabatic heat rise of each 
mix, the heat sink of the foundation rock, and the range of allowed 
placing rates. Through the study, contract placing controls were 
established so that even with no monolith joints, internal temperatures 
would not create stresses that would cause undesirable internal loadings 
or unacceptable cracking. Because of the higher cement factor spillway 
mix required by hydraulic designers, thermal cracking which was undesir
able but structurally tolerable was predicted in it. These cracks were 
not predicted to extend through the interior leaner mix to the upstream 
face of the dam. For reasons of geometry influenced by thermal stress, 
probable but acceptable long-term upstream to downstream cracks were pre
dicted at the spillway training walls and at the bend in the dam axis.

Thermal behavior of the dam and cracking has developed as predicted. 
At this time the spillway has about five very tight vertical cracks that 
do not go through the structure. Crack meters indicate that a crack in 
line with the spillway walls probably has occurred in the lower part of 
the dam. There is no indication of other cracking except for several 
thermal shock and/or drying shrinkage cracks in the top lift of the non
overflow sections. These have been instrumented and appear to be stable 
nonworking cracks. Expected shrinkage/thermal cracks appeared in the 
high cement factor conventional shotcrete of the spillway cap.

Plates 18.1 through 18.18 show actual thermal contours in the dam 
for both the spillway and nonoverflow sections on the first of each month 
since construction began. Also shown on the plates is the fact that
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actual temperatures throughout the structure were as expected. During 
construction, approximately 250 resistance thermometers were embedded and 
monitored. They showed predicted temperatures within a few degrees of 
the actual temperature at essentially every location in every mix at any 
time. Almost all of the peak temperatures were within a degree of the 
predicted peak temperature. Most of the thermometers have been abandoned, 
but a select group of about 40 will remain in place to permit long-term 
thermal observations.

Exhibit 18.1 shows examples of the time-temperature behavior of 
resistance thermometers at different locations in each mix. The datum 
was input to a computer program as it was collected, and the graphs shown 
in the plates were machine plotted. As time passes, the plotter adjusts 
the time scale as can be seen on the plates.

Plates 18.19 through 18.21 show the température of the RCC mix as it 
was batched and placed, the temperature of the aggregates as they went to 
the mixer from stockpile, and the ambient conditions. The only cooling 
was the benefit of having made a large portion of the aggregate during 
the cool months. The contractor had no temperature requirements to meet.

Plate 18.22 shows the adiabatic temperature rise for the mixes. 
Because of its importance to thermal stress and cracking, typical creep 
curves for the Willow Creek RCC mixes, other RCC mixes (Zintel), and con
ventional mass concrete (Dworshak) are shown on Plate 18.23.

Potential damage from thermal shock was also thoroughly studied 
during design and is discussed in the design memorandum. At Willow Creek 
the condition can occur in the fall when concrete at early age and with 
little strength or strain capacity is subjected to a rapid drop in sur
face temperature. The surface then tries to contract, but is restrained 
by the warmer interior material. If the temperature differential between 
the surface and interior is too great, cracking can develop. General 
controls which would allow for the use of insulation at Willow Creek if 
and when needed during a normal climatic year to control thermal shock 
cracking were given in the contract as follows:

"For RCC placed after August 20, the following specified 
insulation shall be installed on the unformed downstream 
sloping face (the downstream dam face, spillway surface, and 
back of the stilling basin training walls) and on the final top 
surface of the dam crest. The requirements also apply to the 
surface of conventional concrete used to cap the spillway crest.

(1) RCC placed between August 20 and September 15 shall 
be covered with insulation not sooner than 5 days nor later
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than 15 days from the time of placement. The insulation shall 
be removed not sooner than the following April 30 nor later 
than the following May 30.

(2) RCC placed after September 15 shall be covered with 
insulation within 5 days of the time that it is placed. The 
insulation shall be removed not sooner than the following 
April 30 nor later than the following May 30.

The insulation shall consist of mats or blankets designed 
for this purpose. It shall have a conductivity of not less 
than 0.30 BTU/hr.-sq. ft.-degree F nor more than 0.40 BTU/hr.- 
sq. ft.-degree F. The mats or blankets shall be tightly laced 
together at the seams or shall be overlapped by at least 2-1/2 
feet at the seams and weighted or pinned to the RCC so that no 
RCC surface becomes exposed regardless of wind, rain, and other 
conditions. Steel or other acceptable straps or anchors to 
hold the mats in place may be embedded between RCC layers during 
construction and later cut off flush with the downstream face."

As the cool nights approached, resistance thermometers were used to 
monitor the temperature at the surface, 3 inches inside the surface, and 
1 foot inside the surface. The thermal differential and resulting 
strains were checked at various intervals of time each night until they 
reached about 90 percent of the calculated strain capacity of the RCC 
before cracking. At that time (7 September) insulation of the surface 
began.

To help accurately predict the stress and strain capacity of the RCC 
mixes and the resulting permissible thermal shock, large blocks of RCC 
were cut from the dam and tested as described in Chapter 14, "Direct 
Tension Tests." Based on this data, the graph shown on Plate 18.24 was 
developed which shows the tolerable surface temperature differential in 
the two exposed mixes at different ages. Calculations were made based 
on both stress and strain capacities and agreed well with each other. 
Tests were not made for the lean interior 80+32 mix because it was con
tinually being covered with fresh mix. Tests were not needed for the 
175+00 upstream zone mix because it was protected by the precast panels 
which were, in effect, acting as insulation.

Continued monitoring of resistance thermometers embedded in the RCC 
mixes as placing progressed and the insulation was used showed that it 
was working as designed to prevent thermal shock while still gradually 
allowing the temperature to drop. Unfortunately, it was not tightly
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secured or properly embedded at the start. Exhibit 18.2 discusses the 
conditions that developed and how they were corrected. It also provides 
specifics about the temperature conditions and the stresses and strains 
that were calculated. Computations showed that thermal stresses near the 
maximum permissible value occurred and that minimal surface cracking 
could have been initiated. Inspection in the spring after removal of the 
insulation showed several very tight surface cracks that probably were 
caused from the shock, but which have apparently not grown or developed 
into a condition of concern.
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EXHIBIT 18.1

TYPICAL PLOTTED TEMPERATURES 
FOR VARIOUS LOCATIONS AND MIXES

NOTE: The graphs are a sample. Space limitations do 
not allow inclusion of all of them. They follow sequen
tially by mix design starting with the lean interior 
mix (80+32), then the upstream face mix (175+00), then 
the downstream face mix (175+80), and lastly the spill
way face mix (315+135). Within each mix they are 
organized starting with the lower elevation and proges- 
sing to higher elevation. An "offset" location of 
"50.00 D/S" indicates 50 feet downstream of the upstream 
face, "0.83 U/S" indicates 0.83 feet (10 inches) up
stream of the downstream face, etc.
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EXHIBIT 18.2

DISPOSITION FORM DATED 5 OCT 82 
"WILLOW CREEK DAM INSULATION"

NOTE: This exhibit contains a dis
cussion of the problems, evaluation, 
and decisions concerning insulation 
for thermal shock protection.



D IS P O S IT IO N  F O R M
Fo r use of this form , tee A R  340  15; the proponent agency is T A G O .

R E F E R E N C E  O R  O F F I C E  S Y M B O L S U B J E C T

NPWEN-FM Contract No. DACV68-82-C-0018
Willow Creek Dam Insulation

TO THRU Ch, FsM BR from e# $chrader DATL 5 Oct 1982 cm u

Ch, Engr DIv 

Ch, Constr DIv

TO Engrg Files

1. The purpose of this DF Is to document and summarize why surface Insulation was 
necessary at Willow Creek Dam, why and how the decision was made to modify Insulating 
requirements to place It within 4Ó hours, and to explain why It was later determined 

best to remove most of the Insulation about three weeks after It had been put In place.

2. Brittle materials that are exposed to excessive thermal shock will crack. An 
exterior surface subjected to a sudden drop in temperature will try to decrease In 
length by an amount that can be predicted based on the coefficient of thermal expansion. 
If the temperature - say several Inches inside the surface remains at a sufficiently 

higher temperature than the surface concrete, It provides restraint which prevents 
surface contraction. Cracking results. The shattering of ice cubes when hot water Is 
poured over them is an example of this phenomenon. If the temperature differential 
between the surface and the zone just Inside the surface Is controlled so that stresses 
and strains are within the elastic limits of the material, cracking will be prevented. 
With concrete, the problem Is complicated by the fact that material properties change 

with time, and the rate of change is dependent upon several variables such as time, 
temperature, cement chemistry, and most importantly, the rate at which surface 
temperatures change.

3. During design of Willow Creek Dam, material properties needed for determination of 
permissible thermal shock values were determined as best as could be done through 
laboratory testing using procedures that simulate field placement. Based on these 
tests and probable ambient temperatures determined from a review of historical 
weather data for approximately 50 prior years, the contract specification requirements 
for insulation were establ1 shed. This was to serve as the basis for bidding and as
a guide for what probably would be necessary. As stated In the DM, actual Insulation 
requirements would be modified, if necessary, In the field based on properties of the 
materials as they develop and on the actual weather.

4. When conditions which required insulation approached, large test samples of RCC 
were taken from the dam so that material as it was being placed and compacted In the 
field could be evaluated for thermal shock resistance. Results showed that better 
compaction and a harder concrete was being achieved at very early age near the down
stream face of thè dam than was thciught. We had anticipated that the unconfined 
material near the downstream face would be so poorly consolidated and that It would 
gain strength and modulus at such a slow rate that it would be deformable for several 
days. This was not the case. The deformable stage lasted for only an estimated

40 hours. It was found that at 40 hours, a thermal gradient of 30 to 32 degrees F 
across a 3~lnch distance could be tolerated In the 175+80 mix and a gradient 41 ptil o  
45 degrees F could be tolerated In the 315+135 mix. Values were determined both by 
stress and strain analyses.
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DACW68-82-C-0018, Willow Creek Dam Insulation

5. Instruments In the dam were being monitored at this time to record the actual 
temperature differential from the surface to 3 Inches Inside the surface. During 
late August and early September, ambient temperatures dropped rapidly In the 
evening resulting In maximum differentials at about midnight. The amount of
monitored data, testing, and calculations developed Into an extensive analysis.
A summary follows: 7

Measured 
Max a  T

Mix 0 to 3 Inches Dates

175+80 21°F 20-23 Aug
175+80 24°F 24-27 Aug
l75+80 27°F 28-31 Aug

315+135 23°F 20-23 Aug
315+135 27°F 24-27 Aug
315+135 29°F 28—31 Aug

Max Allowable Max Allowable
A T a t

Based on Strain Based on Stress

32°F 30°F
32°F 30°F
32°F 30°F

42°F 41°F
42°F 41°F
42°F 4I°F

Based on the data, the developing trend, and the weather forecast, the 
Resident Office was advised that Insulation should begin on 7 September
, t 175+80 and 315+135 mixes, and that Insulation should be Installed

within AO hours of placement.

6. When the modified Insulation plan was Implemented, the contractor "over
insulated , I.e, he hung his Insulation mats over the downstream face cover
ing more concrete than needed to be protected. However, once the Insulation 
was In place and heat built up under It, the concrete would be subject to 
unacceptable thermal shock If the insulation was later pulled up as planned 
by the contractor. On 13 September, he was advised that all insulation In 
place had to remain In place and be pinned, weighted or tied down so that 
cold air did not blow under It. This Interfered with his plans to let ravel 
from placing the RCC roll under the Insulation, but It was necessary and he 
agreed to It. Where he had not tied down the insulation, it had blown back 
occasionally .exposing the concrete surface, or cool air had blown under it. 
When the wind was not blowing, the insulation was effective. The reduced 
temperature differential over the 3”inch surface to interior distance as 
measured In the field for the day or two before and after insulation started 
Is evident In the following data.

A T  Prior to Insulation a T  After Insulation

Mix 175+80 28°F
Mix 315+135 37OF

The upstream face was not insulated with blankets because as planned, the 
precast facing panels were acting as Insulation themselves. Temperature 
differences across the panel were as much as 30 F degrees, but temperature 
differences from the face of the RCC to 3 Inches Inside it were only a few

12°F 
18°F

2
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7*# Unfortunately, after It was first put In place, the insulation was not 
maintained In a continuously effective manner. Wind was allowed to blow 
under It, and at times entire sections of thousands of square feet were 
totally exposed when the unsecured mats blew back. A réévaluation of 
the situation was made. It was determined that on 29 September the best 
thing to do was to remove all Insulation within the next week, except for 
the top of the non-overflow and above lift 257, 258 or 259. Removal was 
to be done during the hours of 0900 and 1500. Technical evaluations that 
led to this recommendation had to account for many variables including the 
different mixes, different ages of each RCC lift being Insulated, weather 
predictions, actual temperatures In the dam as measured by embedded Instru
ments, etc. Basically, the insulation had been so Ineffective, the surface 
received little protection and had cooled to temperatures varying from 46 
to 63 degrees F. The duration of poor Insulation protection had been long 
enough so that temperatures 3 Inches Inside the surface had also cooled 
to between 44 and 75 degrees F. Because these temperatures were low, high 
values of A T  could no longer develop. Thermal shock which would bring 
these temperatures down so low as to stress the concrete to the point of 
cracking had a 1 ready occurred. That damage cannot be undone. In effect, 
the outside surface of the concrete (the already damaged material) Is now 
acting as Insulation for the Interior mix. Measured changes In temperature 
from 3 Inches to 5 feet Inside the dam show tolerable differences. If the 
insulation were reestablished, temperatures under It would raise. If the 
insulation were to blow back as had been the typical situation to date, 
additional thermal shock and damage could result. It was therefore better 
to remove the Insulation during the warmest part of the day than to try to 
reestablish It. An exception to this was concrete at the top of the non- 
overflow where It was too young to withstand thermal changes which could 
occur under the worst of predictable clrcumstances. The following data 
Is a summary of part of the more pertinent data from the evaluation.

Tolerable A  T over 3 inches based
of stress and strain analyses.

RCC AGE MIX 175+80 MIX 315+135

40 hours 3°°F 4l°F
1 w eek 42°F 62°F
1 month 5l°F 84°F
1 year 69°F 120°F

An example of results of analysis for the upper lifts of concrete on calendar 
date 28 September 1982 follows:

3
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MIX 175+80 MIX 80+32

Warmest temp 3" Inside 62°F 75°F
Youngest concrete 5 days 14 d<
Worst AT  over 3" 23°F 9°F
Allow. AT at that age 39°F 72°F
Lowest allow surf temp 23°F 3°F
Lowest surf temp 50°F 46°F
Temp outside insulation 45°F 61°F
Ambient temp 33°F 33°F

From the last 2 years of continuous recording of temf

Oct 1980 Oct 1981

Ambient A~T at night 50°F 20°F
Minimum T 10°F 15°F

Jan/Feb/Mar

10°F
-5°F

(typical)
(lowest)

E. K. SCHRADER 
Civil Engineer

CF:
Res Engr, W!1 low Cr 
NPDEN-GSSM

k
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CHAPTER 19

CONCRETE QUALITY MONITOR

The CQM uses chemical analysis equipment normally used for medical 
purposes to rapidly determine the water and cement content of fresh 
concrete. The concept originally was called the Kelly-Vail system and 
used equipment less suited to the field. Its development started about 
10 years ago. The Corps' Construction Engineering Research Laboratory 
developed the state of the art to a field-suitable system. They provided 
valuable guidance, training, onsite assistance with adapting the system 
to RCC, and help with the evaluation of results at Willow Creek. Willow 
Creek Dam was probably the first major project to use CQM on a routine 
basis during construction. It was run on every mix from which compressive 
cylinders were made. Literally hundreds of tests were done so that a 
fair evaluation of its value on RCC projects could be made.

The equipment is shown in the photographs on Plate 9.1. Details con
cerning the procedure are available in report M-293, "Rapid Testing/ 
Plastic PCC," published by the Corps' Construction Engineering Research 
Laboratory. Basically the process for cement determination consists of 
obtaining a sample of the mix, thoroughly washing it with a known volume 
of recycled water to remove all material finer than a No. 100 sieve, 
obtaining a sample of the wash water and diluting it further with more 
water, adding nitric acid and mixing the solution, and finally putting 
several drops of the final solution into a calibrated electrochemical 
calcium analyzer. The analyzer provides a digital numerical reading that 
is an indicator of calcium content. The value corresponds to the cement 
content in pounds per cubic yard as indicated on previously determined 
calibration charts for the particular water, cement, admixtures, and 
aggregate being used. Typical calibration charts for the Willow Creek 
mixes are shown on Plates 19.1 through 19.9. It should be noted that 
extreme care must be taken to thoroughly wash (and hand scrub) all cement 
coatings and fines from each coarse aggregate particle, to be sure no 
solution is lost or spilled, to add exactly the correct amount of acid of 
the correct concentration, and especially to put exactly the right amount 
of final solution (measured in microliters) into the analyzer. The pro
cedure is suitable for use in a well maintained field laboratory but must 
be done precisely.

The procedure for water content determination is not as difficult. 
It consists of adding a known amount of salt solution to a sample of the 
mix, shaking it to develop a slurry, subjecting a portion of the slurry 
to a centrifuge, and putting a portion of the fluid above the resulting

67



precipitate into an electrochemical chloride meter. The digital readout 
value of the meter can be used to determine the water content of the 
original mix in pounds per cubic yard.

A compilation of CQM test results showing the average test values 
for cement and water for each mix at each test cylinder age along with 
the corresponding average compressive cylinder results is given in 
Exhibit 9.1 of Chapter 9, "Test Cylinders and Compressive Strength 
Results." Plates 19.10 through 19.19 show the relationship between CQM 
values for cement and the corresponding compressive cylinder strengths 
for each mix at each age. An unsuccessful effort was made to establish 
a direct, predictable, and consistent relationship between the two. In 
general, the higher CQM values gave higher strengths but frequently the 
opposite was true.

The original intent was to use the CQM equipment as an acceptance/ 
rejection test for cement content and to use it as a backup for water 
content tests. After questions developed as to its accuracy with RCC 
mixes, it was actually used more with the idea of obtaining sufficient 
data for evaluation of its usefulness in future projects. Differences in 
cement contents on the order of up to 40 percent from the mix design 
amount were not uncommon. It is still not certain as to whether this is 
what actually occurred, if there can be that much error within the test 
method, if it was due to technician error, or if it was a result of 
improper sample preparation. Probably it was a combination of all of 
these items. In order of most influential to least influential, they are 
judgmentally listed as sample preparation, actual variation in the mix 
sample, technician error, and test method.

Peculiar to RCC is the problem that the aggregate typically contains 
a high amount of fines passing the No. 100 sieve. At Willow Creek it 
thoroughly coated the large aggregate particles along with the cement. 
This coating was very difficult to remove in the washing process. Hand 
scrubbing each aggregate piece with fine wire brushes was necessary. The 
addition of a water softening agent (Calgon) was found to help also.

Another comment for future work is to keep the analysis equipment 
and screens in clean and accurate condition. The validity of the
calibration charts should be routinely verified. The calcium reading 
includes calcium in the mix water, fly ash, aggregate, and admixture. If 
this changes or if the chemistry of the cement changes significantly, the 
calibration chart from which the calcium meter reading is converted to a 
value of cement in pounds per cubic yard can be in error. Plates 19.1 
through 19.9 show the contribution of each mix material to the calcium 
content.



The average value of all CQM cement tests for each mix and the 
resulting overall variability follows:

Mix

Design
Cement Content 

(lbs/cy)

Average 
CQM Value 
(lbs/cy)

Standard
Deviation
(lbs/cy)

Coefficient of 
Variation

(*)

1 80 78 19 25
2 175 173 34 20
3 175 178 32 18
4 315 296 43 15
5 330 303 31 10

Considering the fact that coefficients of variation for 6- x 12-inch 
compressive cylinders ranged from about 24 percent to 58 percent for the 
3-, 7-, 14-, and 28-day strengths of each mix (average of 38 percent), 
the CQM test for cement content looks quite acceptable. However, as 
explained in Chapter 9, "Test Cylinders and Compressive Strength Results," 
most of the variability in strength is attributed to problems in making 
the cylinders, not in mix variability. The update to this report sched
uled for October 1983 will include a more conclusive evaluation of the 
CQM equipment. At that time all of the test cylinder data including the 
90-, 180-, and 365-day breaks will be available. A comparison between 
core strengths from concrete in the dam and the CQM values corresponding 
to that concrete will also be made.

As discussed in the section on mixer proficiency tests in Chapter 5, 
"Roller-Compacted Concrete Production and Plant Capacity," the CQM method 
of rapidly determining cement content was absolutely essential for 
establishing required mix times and evaluating various batching methods. 
In this regard it should be required for future RCC projects. It not 
only provides rapid results as needed but also allows testing of the 
full mix. It is the best option available for testing the cement content 
of the mortar portion of the mix and the only option for testing the full 
mix. Before deciding that it was acceptable to use the CQM-determined 
cement values for the mixer proficiency evaluations, companion tests were 
also run using the standard CRD C-55-73 method for determining cement 
content. That procedure requires sending sieved and dried samples con
taining the mortar portion of the mix to a chemical laboratory for evalua
tion using a centrifuge and 1, 1, 2, 2 tetrabromoethene. It takes about 
a week to get the results. The coefficient of variation for the standard 
procedure was determined to be 7.3 percent when retesting the same 
sample. Average results for each of three separate samples tested by 
both the standard and CQM methods were as follows:



Cement Content (% by weight)
Sample 1 Sample 2 Sample 3

CQM 9.6 9.7 8.3
Standard 10.8 9.5 7.3

Since the difference between the CQM and standard test was basically 
within the range of accuracy of the standard test, and because from a 
chemist's judgmental view that both procedures have about the same degree 
of accuracy (actually, in his opinion, the CQM probably was slightly more 
accurate and reproducible), it was decided that the CQM test was an 
acceptable alternate for mixer proficiency evaluations.

The part of the CQM test that determines moisture content is not 
necessary for future RCC projects. The nuclear density method described 
in Chapter 11, "Workability and Moisture Tests," is a preferred, faster, 
and probably more accurate method. It determines moisture of the mix in 
the field, not in a sample that has been transported to the laboratory. 
Based on an overall average of 136 comparisons taken randomly throughout 
the job, the CQM value of moisture was 16 percent less than the moisture 
determined in the field for the same mix by the nuclear gage. However, 
within the scatter of data there also were cases where the CQM value was 
higher than the nuclear gage reading. The coefficient of variation with 
the nuclear method was 13 percent and for the CQM it was 19 percent. At 
any rate, as discussed in Chapter 11, the numerical value of moisture 
content has little practical use.
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CHAPTER 20

UPSTREAM FACE PANELS AND 
SPILLWAY TRAINING WALLS

During design, a va rie ty  of ways of constructing the tra in in g  w alls 
and the upstream face was investigated. Of the various options, one 
(precast reinforced earth panels) was shown in the drawings and was to be 
the basis for b ids, but sp e c ifica tio n s also described other systems and 
the basis under which they could be allowed. For example, a s l ip  form 
(extruded curb) fac in g  would have to bond to the RCC, provide for freeze- 
thaw and wet-dry resistan ce, have material properties s im ila r  to the RCC, 
etc. A lso, the contractor would have been responsible to demonstrate the 
equipment, mix, and procedures in a test f i l l .

The reinforced earth panel system is  an established procedure fo r 
reta in in g  each f i l l .  I t  uses precast in terlo ck in g  panels ( t y p ic a lly
25-square-foot surface area) attached to ribbed f la t  steel straps running 
between layers of b a c k f i l l .  The idea is  that the straps provide increased 
shear strength to the embankment mass, re su lt in g  in  a stable section. 
With RCC as the f i l l  m ateria l, s t a b i l i t y  and a supported fac in g  (a c tu a lly  
ju s t  a form) are needed only u n til the cement hydrates to the point that 
the RCC mass is  a se lf-suppo rting hardened mass.

The contractor submitted a value engineering proposal to u t i l iz e  a 
d iffe re n t precast facing system. To s im p lify  the proposal and also to 
gain experience with the o rig in a l reinforced earth panel scheme, the 
s t i l l i n g  basin and sp illw ay tra in in g  w alls were not included in  the pro
posal. In the remarkably short period of time of only 6 weeks, the pro
posal went from in i t ia l  subm ittal, through re v is io n , te st f i l l  (P late  
2 0 .1 ), negotiations, and the audit process to f in a l approval and accep
tance. The instant contract savings was $655,555 - a record amount in 
the Corps for a co n tra cto r-in itia te d  value engineering proposal. In 
retrospect, with the work now complete, the savings re a lly  did develop, 
the re su lt in g  product is  better aligned, and the system was safer to 
b u ild .

The reinforced earth panel system could probably be improved upon 
and be made more economical for RCC by using a thinner panel with a less 
complicated section, and by increasing the area of each panel so there 
are fewter of them to set ip place. The number of tieback straps could 
also be reduced. The two main problems experienced with the standard 
panels were in maintaining th e ir  alignment, and simply the vast number 
of them that had to be set.
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The contractor-developed facing system is shown on Plates 20.1 and 
20.2. It consisted of tongue and groove precast panels 4 feet high by 16 
feet long and 3-1/2 inches thick. Each panel had more than 2-1/2 times 
the area of the reinforced earth panel. They were anchored by two 
5-foot-long, 3/4-inch-diameter coil rods located mid-height of the panel 
and 4 feet in from each end. Temperature steel consisting of NO. 4 bars 
was placed near the center of the panel. A 3- x 3-inch steel plate was 
attached to the end of the coil rod with two nuts to help anchor it, but 
strain gages along the rod indicated that the load dissipated along it 
through bond before getting to the anchor plate.

The erection and support system can be understood more easily by 
referring to the photos on Plate 20.2. The top row of panels against 
which RCC was placed was supported by two "strongbacks" on the outside 
face of the panel. These were attached with temporary short bolts to the 
same insert into which the coil rods threaded from the opposite side. 
The strongbacks extended down the dam face and attached to the coil rod 
insert in the panel below. The load against the upper panel (as the RCC 
was placed against it) was transmitted to this insert and consequently to 
the coil rod threaded into it from the opposite side. This rod was 
embedded in previously placed and hardened RCC, and was temporarily 
loaded in tension. Another strongback extended from this panel down the 
upstream face to the row of panels below it and pushed against them with 
the compressive reaction force. As the next row of panels was placed, 
the bottom row of strongbacks was removed. All work was safely done with 
personnel working from the RCC surface on the downstream side of the 
panels. Soon after high production was underway, the contractor worked 
his panel crew (about five people) on the graveyard shift and placed RCC 
during the day and swing shifts.

Both the coil rods in the contractor's system and the flat straps in 
the reinforced panel system were instrumented with strain gages to deter
mine the form pressure exerted by the RCC and how it developed. This was 
done both in test sections and during actual construction with the same 
results. Regardless of height of RCC, rate of placing, temperature, 
spreading equipment, and even the compaction equipment, the average form 
pressure was just less than 1 psi. Apparently, the aggregate interlocked 
during compaction and the mass became almost entirely self-supporting 
immediately upon being consolidated.

The precast panels were made of entirely different concrete than the 
RCC behind them. Even if they could have been bonded initially to the 
RCC, through differential movement and time they undoubtedly would have 
become unbonded. Rather than spend time and money trying to seal the
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panels to each other and to the RCC, the idea at Willow Creek was to pro
vide a gap between the panels, mechanically anchor them with coil rods, 
and avoid any bedding and special compactive effort behind them. Water 
that gets behind them will drain back out, and ice will have a place to 
expand and extrude. It is important to remember that aside from aesthet
ics, the panels could actually fall off with no effect on the integrity, 
safety, or performance of the structure.
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C O R P S  O F  E N G IN E E R S U. S. A R M Y

DISCHARGE FROM M I X E R  T R U C K  
I NT O  DUMP TRUC K.

B A T C H I N G  RCC AT A L O C A L  R E A D Y  
MIX P L A N T .  ( M I X E D  IN T R U C K )

HAND W O R K I N G  RCC TO M I N I M I Z E  
S E G R E G A T I O N  FROM THE R E A D Y  

MIX TRUC K.

DUMPI NG RCC. C O M P A C T I O N  WITH FULL P R O D U C T I O N  
E Q U I P M E N T .

C O M P A C T I O N  BEHI ND P R E C A S T  P A N E L S  
WI TH  W A L K  BEHI ND ROLLER.

TEST FILL

P! ATE 20.1
CO NT .  NO. V O L .  N O .



C O R P S  O P  E N G IN E E R S  
------------------------- ------------------

U. S. A R M Y

UPSTREAM FACE AT THE F L O A T I N G  I N T A K E .

PANEL I N S T A L L A T I O N .

S T AR T E R C U R B / W A L L  FOR THE  
UPSTREAM PANELS.

HAND C O MP A C T I ON  OF RCC  
A D J A C E N T  TO THE PANELS.

ANCHOR RODS FOR THE U P S T R E A M  
PANELS DURING P R O D U C T I O N .

I N S T A L L A T I O N  OF ANC H OR  ROD FOR 
THE T E S T  FILL.

UPSTREAM FACE PANELS 
___________________________PLATE 20 .2
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CHAPTER 21

SPILLWAY OGEE (SHOTCRETE)

The original design called for a 2-foot-thick section of conven
tional concrete to be used at the spillway crest so that the parabolic 
ogee curve could be accurately shaped. The concrete cap starts at 
elevation 2109 of the upstream face, curves up and over the crest at 
elevation 2113.5, and curves down the downstream face to match the RCC 
spillway surface at elevation 2097. Plate 1.1 shows a typical section. 
The quantity involved was 1,000 cubic yards.

A change to use shotcrete (wet mix) was submitted as a value 
engineering proposal by the subcontractor (Hamilton) through the prime 
contractor (Eucon) to the Corps of Engineers. A shotcrete specialty firm 
(Johnson-Western) did the work. All parties worked together to develop 
a technically and administratively acceptable proposal.

Total savings for the change was $63,000 on what otherwise would 
have been about $250,000 work with conventional placing methods.

A major advantage to shotcreting and one of the prime reasons for 
seeking out alternate placing methods was improved safety.

Productivity was very good. The placement was separated into 11 
sections butting each other with an upstream/downstream construction/ 
contraction joint. Each placement used about 100 cubic yards of 
shotcrete. A single crew and nozzleman worked one shift per day to place 
and finish each section. One section was done each day.

The quality of concrete, workmanship, and tolerance was not relaxed. 
The typical strict tolerances for conventional concrete spillway surfaces 
were maintained. In addition, the crest elevation had to be within
1/2-inch of the design line across its full 380-foot width.

The recently published American Concrete Institute recommended 
method for certification of nozzlemen was used to qualify workers. This 
included a practical test with a demonstration panel for examination and 
evaluation, as well as written tests.

Cores from nozzlemen qualification test panels cured under field 
conditions showed 28-day strengths ranging from 3,810 to 4,230 psi with 
an average of 4,050 psi, indicating excellent quality and uniformity.
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Companion cylinders cured in the lab yielded 4,145 psi strength. Minimum 
design strength requirements were 3,000 psi at 90 days. Because a prac
tical shotcrete mix requires fairly high cement contents (in this case 
600 pounds per cubic yard), the shotcrete method provided higher strength 
than would have been achieved with conventional placing.

The shotcrete has just been completed. Test data has not been fully 
compiled and evaluated but the indications are very good. The update to 
this report will include photographs and this data. It will contain the 
standard compressive strength results from normal laboratory tests, and 
also results of special tests. The strength of standard compressive 
cylinders of the truck-delivered mix versus strengths of companion cylin
ders made by shooting directly into the test molds will be compared. Air 
contents determined for the mix in the truck, as shot into the mold, and 
from physical traverse examination of hardened shotcrete sawn from the 
placement will also be compared.
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CHAPTER 22

INSPECTION
(Quality Control and Quality Assurance)

Inspection was achieved through the contractor's quality control and 
the Government's quality assurance systems. The special provisions of 
the contract specifications outlined the quality control program in 
general (Section SP-30). The end of each technical provision section of 
the specifications pertinent to concrete detailed minimum specific con
tract requirements. (TP-3A "Concrete," TP-3B "Precast Concrete," and 
TP-3C "Roller Compacted Concrete.") The Engineering Division of the 
Walla Walla District provided detailed guidance for quality assurance to 
the Resident Office in a 44-page document entitled "Concrete Inspection, 
Quality Control, and Quality Assurance Testing." It contained recommen
dations for staffing, frequency and type of testing, inspection guidance, 
and both the reasons and criticality of various specification require
ments.

The contractor hired a private testing firm to provide all quality 
control testing and field survey. This represented a significant portion 
of the contract price. In addition to the survey crew and a quality 
control chief, the day shift usually included two full-time inspection/ 
testing personnel. Swing shift usually had one full-time man. A labora
tory building with standard equipment was provided.

A unique aspect to the project was that the Corps' Engineering 
Division provided a full-time representative at the Resident Office 
during construction. The individual had the same grade as the Resident 
Engineer but was separate from the resident staff. He provided technical 
review/guidance to the Resident and was available to provide instant 
response or critique from Engineering Division when technical issues 
arose. The representative was the principal designer, specification 
writer and materials engineer, and the person who established the quality 
control/quality assurance guidelines. As adjustments in the testing fre
quency or method became appropriate, they received immediate attention 
from the engineering standpoint without untimely delays awaiting response 
from the District Office. Inspection personnel worked under the nominal 
chain of command within the Resident Engineer's organization, and the 
Resident Engineer maintained ultimate responsibility for implementing 
proper inspection and testing, but there was close interface with the 
engineering representative.

7 7



A very important part of the quality control and assurance programs 
was training and orientation of all personnel towards RCC concepts and 
requirements. The contractor had each foreman and supervisor attend a 
seminar and discussion early in the job before any RCC work was done. 
This was given by the Corps' engineering representative in the Resident 
Office. Prior RCC work was shown using 35mm slides, and specific impor
tant contract requirements pertinent to Willow Creek were explained. 
Unfortunately, resident staff and inspection personnel did not attend.* 
Later in the job other orientations and review sessions were given that 
were available to all personnel. The sessions included slides showing 
workers and inspectors on the job, discussed what was being done right 
and wrong and what needed attention, reviewed the work to date, offered 
suggestions for the continuing work, and offered a chance for open 
discussion. These sessions were extremely helpful from a technical 
standpoint and for team morale. The contractor arranged facilities and a 
buffet for the sessions, and spouses were encouraged to attend. The Corps' 
District Engineer also attended one of the sessions. A feeling that the 
project was a true team effort developed. The principal speaker was the 
onsite engineering representative and principal designer for the Corps 
who pointed out the importance of each person's job from laborer and 
equipment operator to the foremen and superintendent. The sessions were 
held in both the afternoon and evening so that both shifts could attend. 
Literally every employee of the contractor attended at least one session. 
Unfortunately, some of the Corps' inspection personnel were not as enthu
siastic. Senior inspectors did not attend these sessions so a continuity 
was lost resulting in workers becoming more familiar with the real reasons 
why and how things should be done than some of the inspectors. This was 
especially unfortunate where specification requirements left some lati
tude for interpretation.

A situation worth noting at Willow Creek with regard to inspection 
and laboratory personnel concerns the availability of qualified personnel 
and the staff required. Unlike most projects that gradually build up 
personnel requirements, RCC dam construction can suddenly place a tremen
dous demand on inspection. Once RCC started, the Willow Creek situation 
jumped to a full production two shifts per day, 6 days a week operation 
during which large areas of foundation were covered and overtime was com
monplace. Other work for the upstream facing, cleanup, plant maintenance, 
maintaining a moist lift surface, etc., kept crews working Sundays and 
nights. Requirements for these needs must be anticipated and qualified 
personnel should be readily available at the start of future projects. 
It can be difficult to appreciate just how instant and important this 
need is. At Willow Creek it resulted in understaffing and significant 
overtime at the start of the job. The problem is compounded by the fact 
that although the main contract for an RCC dam may stretch out for 1 to 3
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years, the RCC w ill usually be placed in about 2 to 8 months. After 
th is, personnel are no longer needed. Obtaining quality  personnel for a 
short duration can be d if f ic u lt .  At Willow Creek, personnel needs were 
met with two experienced inspectors and one experienced concrete labora
tory technician during the day, and two experienced inspectors for the 
swing sh ift . Other personnel were mostly term appointments, engineer 
trainees, and some personnel on temporary duty assignments. Most inspec
tors and laboratory personnel had l i t t le  or no experience, but they were 
required to immediately get into the work because the project was in fu ll  
swing.

i

i
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CHAPTER 23

RESERVOIR RAISE, SEEPAGE, AND GROUTING

_RESERVQIR RAISE AND SEEPAGE
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not necessary and it was appropriately decided not to include them in the 
design. Controls were established and followed to insure sufficient 
joint integrity for structural stability with normal factors of safety. 
Practical measures that would not significantly increase cost were 
included to help minimize seepage. Design documents indicated that 
without special efforts some seepage could be expected. Permeability 
values of 0.0013 ft/min (the result of seepage along joints) were used 
in design.

Based on 172 pressure tests of the in-place concrete, the average 
permeability is 0.0008 ft/min (better than thought during design). When 
the reservoir was raised, an expected damp appearance became evident at 
the downstream face. There was no way to collect and measure this seepage 
which was distributed across the downstream face of the structure, but 
calculations showed it should be less than 100 gpm. Near the outlet 
works where placing became difficult, isolated seepage paths also appeared 
which produced a collected total flow of less than 100 gpm.

Drain holes drilled for the stilling basin and spillway face as a 
part of design to relieve uplift pressures contributed the most to water 
collected in that area. Some of these drains produced water from other 
sources even before the reservoir was raised.

Original design concepts did not include a gallery. One of the 
reasons was that the resulting short seepage path from the upstream face 
to it would allow significant leakage, especially because the continuity 
of placement in this zone would be disrupted. Because of the unprece
dented nature of the dam and the desirability of inspecting the interior 
of the RCC, the gallery was included and, in fact, significant leakage to 
it developed as anticipated. The gallery collected about 1,800 gpm total 
after initial reservoir raise to elevation 2018, of which about 1,500 gpm 
was from joint leakage and 300 gpm was from foundation drains in the 
reservoir.

Chapter 6, "Transporting and Spreading RCC," discusses inspection 
difficulties and concerns over joint tightness which became apparent 
during the start of RCC hauling, placing, and spreading. A few weeks 
after placing was underway, it became apparent that the situation would 
not improve. To help block seepage along the layer-to-layer interface, 
the practice was started of placing a strip of conventional bedding mix 
between each layer of RCC near the upstream face as shown on Plate 17.1. 
The reservoir has not reached the elevation where this practice started 
so its effectiveness has not yet been demonstrated.



OBSERVATIONS AND CONCLUSIONS BASED ON INITIAL SEEPAGE HISTORY

Seepage was evident at the downstream face of the dam very soon 
after the reservoir was raised. Seepage into the gallery was seen almost 
immediately after the reservoir reached its elevation. The general 
opinion of those who frequently, closely, and periodically made a visual, 
inspection of the downstream face was that it visually decreased with 
time.

Plates 23.1 and 23.2 graphically show the initial history of seepage. 
The graph includes the following pertinent data:

(1) important elevations of the structure and reservoir;

(2) reservoir elevation versus date;

(3) gallery total flow versus date;

(4) stilling basin total flow versus date; and

(5) gallery drain flow as a percent of gallery flow.

Several things worth noting are:

(1) During the time that the gallery drains were being drilled 
(prior to reservoir raise until 30 March 1983), the gallery flow was 
affected by two things: first, as more drains were completed, they 
provided more water; secondly, the drillers occasionally forgot to turn 
off their drill water pumped into the gallery. This resulted in a change 
in the outflow with no change in seepage.

(2) A very significant decrease in seepage as collected in the 
stilling basin occurred through a general trend from 25 April to 15 May. 
This occurred naturally - that is, by doing nothing to the structure. 
The reduction over the 3-week period was about 28 percent. The gallery 
flow has been more erratic, with periods of increasing and decreasing 
flow. Overall there has been more decrease than increase. During one 
2-week period from 6 May to 20 May, the flow dropped 35 percent by doing 
nothing to the structure or operation.

(3) The stilling basin flow includes runoff from the downstream 
face of the dam, an area downstream of the stilling basin, and the 
general area downstream of the right abutment. Some of the flow into the 
basin and some (if not much) of the variation is attributed to runoff
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from local rains. At times, water has been seen flowing over an esti
mated 30 to 60 percent of the basin end sill from the area downstream of 
the dam. This has been seen for as long as a full day after a rain.

(4) The stilling basin drains were making water during 
construction and before there was any water in the reservoir. This 
amount was probably on the order of 50 to 150 gpm.

(5) During the day that chemical grouting from the upstream 
face was done with concentrations and quantities that would theoretically 
be effective, there was no significant noted reduction of flow into the 
gallery. However, as shown on the graph, the gallery flow was distinctly 
and significantly less during the following day. Without contirtuing the 
operation, uncontrolled flow at the sides of the effectively grouted zone 
apparently then caused it to wash out.

(6) The data used to develop Plates 23.1 and 23.2 were essen
tially obtained by the same person reading the same instruments at the 
same time of day. Other readings obtained individually at different 
times of the day in a less systematic method may not agree entirely with 
this data.

In addition to the seepage shown in the graph, a separate measure 
was made of water collected near and at the outlet works control building. 
This essentially stayed constant, but raw data may initially give an 
indication of increasing seepage. The collection location was changed 
and moved downstream to allow better collection of all sources of seeps 
in the area. As water from more sources was picked up, the flow reading 
increased accordingly. Total flow at the collection location now at the 
downstream end of the left training wall for the outlet works stilling 
basin stayed fairly steady at about 100 gpm.

GROUTING (SEEPAGE CONTROL AND FOUNDATION)

Soon after the reservoir was raised above elevation 2000, it was 
evident that seepage into the gallery was considerable and that it could 
be expected to increase substantially if the reservoir suddenly filled 
for flood control purposes (Plate 23.3). Because of this and a very con
servative concern of the slight possibility that erosion along the joint 
lines might occur, a program to attempt to slow or stop the seepage by 
chemically grouting from the upstream face was initiated.

The original plan was to set a temporary containment vessel (say 18 
feet high by 30 feet wide by 3/4-inch deep) against the upstream face in
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the area of the gallery and inject concentrated chemical grout mix into 
it. The grout was to also contain a maximum practical cement content to 
provide rigidity to the otherwise gelatinous filler. By allowing water 
to be drawn into the containment panel from the reservoir through small 
holes drilled through it, the idea was that the chemical solution would 
be drawn into the joints through the natural seepage paths where it would 
gel.

After strong suggestions by the specialty grouting contractor 
(Gelco) and field personnel and because of the simpler and more economical 
procedure, it was decided to start with a different procedure that was to 
let the chemical grout flow from a wand held at individual points and 
later traversed back and forth around the perimeter of joints in the 
upstream face panels. This procedure was not effective.

A variation of the original plan was then attempted. As suggested 
by the grouting firm, this used a vinyl curtain weighted at the bottom as 
the "containment vessel." The top was held against the dam. It is esti
mated from feeling with a probe that some of the curtain drifted as much 
as 6 to 12 inches out from the dam face (probably near the solid panel 
surface) and at other places it was tight to the dam (probably at the 
joint where water was being drawn into the leaky joints). The chemical 
grout was flooded into the area behind the curtain, but the procedure was 
unsuccessful. Apparently the grout diluted too much in the reservoir 
behind the curtain and/or more probably sunk past the curtain to the 
bottom of the reservoir before being drawn into the dam. Dye included 
with the mix was faintly seen in drain holes at the general vicinity. 
Because of the desire to provide "body" to the gel, the cement content of 
the grout was fairly high, resulting in a specific gravity of 1.5 and 
sink velocity of 1 to 2 inches per second.

The next attempt used the same curtain and flooding technique, but 
holes were cut in the curtain so that water from the reservoir could pass 
through it and carry the grout into the dam. As had happened previously, 
the flexible membrane apparently was sucked up tightly to the dam at the 
joints between panels so the grout never was pulled into the structure 
and the attempt was not successful.

The final attempt was to go back to the original plan with a rigid 
wooden panel having small holes to the reservoir and flood it with 
chemical grout. This was only done effectively for 1 day, found to be 
very expensive, and did not show any immediate significant decrease in 
seepage. Consequently, further chemical grout attempts were disbanded. 
However, as shown on Plate 23.2 there was a significant reduction in
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seepage which did not show up until 1 or 2 days later. Apparently 
because the grout pattern was not continued, the material in the effec
tive ly  grouted zone eroded out (probably due to seepage a ll around it )  
and the gallery flows subsequently increased again. The main problem 
with this technique was that because of the volume of the containment 
vessel, very high concentrations (and expensive quantities) of chemical 
had to be used to account for dilution. The original depth of the con
tainment vessel of 3/4-inch had to be doubled to 1-1/2 inches so that it  
would clear the washers and bolts threaded into the precast panel tie - 
back inserts at the face.

A side benefit from the chemical grout program came from dye testing. 
The conclusion is that there is not just a straight flow path from the 
upstream face to the gallery and that i f  only an isolated area at the 
upstream face is  sealed off, seepage can s t i l l  migrate around and continue 
exiting into the gallery directly downstream of this zone.

Migration can follow paths roughly ranging from say 20 feet (d irectly  
upstream to the gallery downstream) to a roundabout path of maybe 100 
feet. Another observation is that velocity through the joints is much 
slower than o rig in a lly  thought might be occurring, i.e ., about 0.03 fps.

After in it ia l attempts failed to slow seepage by injecting chemical 
grout into the reservoir upstream of the gallery area and allowing it  to 
be drawn into the seepage paths, a $171,000 modification has been issued 
to Eucon to d r ill holes into the zone of RCC upstream of the gallery and 
grout through them. With this method, a cement grout should be success
fu l. The holes w ill be drilled  on 8-foot centers at an angle from a work 
barge at the upstream face.

Exploratory d r illin g  for design showed that a foundation grout cur
tain would not be needed for s ta b ility  - at least not at the start of 
project operation. Rather than simply following convention and putting 
in a fu ll-co st grout curtain "because i t 's  always done" or because at 
some later date one might be desired, the Corps took the approach of 
building a safe structure without the grout curtain, evaluating in it ia l  
seepage and the foundation as it  was exposed during construction, and 
then following up with a subsequent contract for only that grouting which 
was prudent. This approach has resulted in the determination to grout 
only the upper 25 feet of foundation rock with a single line of holes.

The grouting contract w ill include obtaining eight 9-inch-diameter 
cores for the fu ll height of the dam as discussed in Chapter 24, "Future 
Evaluations and Testing." They will be located to intercept zones where 
different compaction methods and equipment were deliberately used and 
where different joint treatments were employed during construction.
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The dam itself will also be drilled and grouted under this contract 
to help seal joint seepage. Although there is no structural need for it 
and some seepage is tolerable, long-term performance may require remedial 
measures. Contingency funds set aside as a part of the original project 
cost for such work must be used by October 1984. The management decision 
has therefore been made to include the work now with the foundation 
drilling,and grouting contract. A 150-foot segment of the dam will not 
be grouted so that its long performance without treatment can also be 
evaluated.

Total cost of the contract including the foundation and abutment 
grout curtain, redrilling drain holes, obtaining the full-height large- 
diameter cores, and grouting the dam itself is $1 million.

There has been considerable discussion and published comment about 
seepage at Willow Creek and what might be expected in RCC dams in general 
for future work. Unfortunately, much of it is incomplete or inaccurate. 
For the circumstances at Willow Creek (including the need to acquire 
performance knowledge), the no-frills initial approach with followup after 
reservoir raising was appropriate. For strict flood control projects 
without permanent reservoirs, there may be no reason to spend time, 
effort, or money to control joint seepage. Other projects may require 
watertight conditions. A variety of practical methods can be used to 
control joint seepage and watertightness. These range from collection 
systems to special bedding mixes in select zones, to chemical grout self
sealing or post-sealing systems built into each layer near the upstream 
face, to implementing a conventional concrete poured-in-place facing that 
acts as a cutoff wall to impervious membranes. As a rough value, pro
viding watertightness may add $100,000 to $600,000 to the cost of an RCC 
dam on the order of 200,000 to 800,000 cubic yards.
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CHAPTER 24

FUTURE EVALUATIONS AND TESTING

A major core drilling and testing program is scheduled for the 
summer of 1983. Large diameter cores (6-inch nominal diameter for 
1-1/2-inch RCC and 9-inch nominal diameter for 3-inch RCC) will be taken 
from the dam at specified locations. Each mix will be cored from the top 
of the dam down to 2 feet into bedrock, and each mix will be drilled in 
at least two locations. One of the locations will be through concrete 
placed under contract specification requirements with no modifications. 
One hole will be drilled through areas where modifications to the stand
ard specifications were incorporated to see what effect they would have. 
These variations included different compaction equipment and methods, 
different joint treatments, and different bedding mixes at the foundation 
contact. Plates 24.1 through 24.5 show the locations and depths of the 
planned holes. They also show the locations where modified placing pro
cedures were used and what they were.

The cores will be weighed, photographed, and sent to the Division 
laboratory for testing which will include unit weight, compressive 
strength, modulus of elasticity, shear strength across joints, direct 
tension, and strain capacity. In addition, each hole will be pressure 
tested every 4 feet as it is being drilled to determine permeability 
values.

In general, the goals of the drilling and evaluation program are to 
determine properties of in-place RCC, compare it to laboratory data and 
design requirements, and provide guidance for future RCC projects based 
on experience at Willow Creek Dam. Specific goals are: (1) to determine 
hardened material properties of the various RCC mixes in the dam (density, 
strength, modulus, etc.); (2) to compare in-place properties to those 
determined for laboratory samples prepared by various methods, and to 
provide recommendations as to the most appropriate method of preparing 
laboratory samples; (3) to evaluate various methods of joint treatment; 
(4) to look at the effect of the age of the RCC layers when covered with 
the next RCC layer; (5) to look at the achieved quality of foundation to 
RCC contact for each mix used and for both types of bedding tried; (6) to 
determine the overall unit weight of RCC in each mix used, including at 
joints and in the layer mass; (7) to determine typical permeability 
values of joints prepared by different methods; and (8) to look at trends 
that may have developed in material properties and how they correlate 
with trends in weather, production rate, gradation, etc., as recorded 
during construction.
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CHAPTER 25

CONTRACTOR'S COMMENTS

The prime contractor, Eucon Corporation, has participated in several 
seminars on roller-compacted concrete and has given public talks con
cerning their view towards bidding and construction of Willow Creek Dam. 
Their comments have been prepared by the project manager who also pre
pared the bid and then ran the project. Because of the value of this 
information, it is included here as provided to public seminar audiences.
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EXHIBIT 25.1

CONTRACTOR'S COMMENTS

NOTE: This exhibit is the unedited 
text of a presentation that the 
contractor's project manager, Rick 
McKinnon, prepared for "The World of 
Concrete" Seminar on Roller-Compacted 
Concrete, January 1982, in Las Vegas, 
Nevada.
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CUCOO CDOPOQAÏTOn
TRI-CITIES. WASHINGTON

WORLD OF CONCRETE PROGRAM 
Session 1-06, Roller Compacted Concrete 

February 26, 1983 2:00 - 5:00 P.M.

1. About the Prime Contractor

Eucon Corporation has been in existence since 1 January 

1979, and came into existence as a result of a merger 

between several corporations. The major ones were:

L. W. Vail Company, Inc. of Pasco, Washington, whose 

specialty was essentially asphalt paving and crushing; 

Steelman-Duff, Inc. of Clarkston, Washington, whose 

major field of expertise was heavy earth moving, 

primarily in heavy highway and railroad construction; 

and DeAtley Corporation of Lewiston, Idaho, whose 

primary emphasis was on aggregate production and handling. 

The resulting company then had the financial resources 

and expertise to handle most highway and railroad con

struction projects with the exception of structural work, 

and certain specialty items that are normally subcontracted 

out.

11. Preparation of the Willow Creek Bid

Since dam construction is beyond our normal realm of 

endeavors, we originally ordered plans out of curiosity 

and with the thought of perhaps quoting some of the work' 

as a subcontractor. After some review of the contract
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requirements, the plans, and the construction site, it 

became evident that we had most of the equipment avail

able within our company to construct the project as 

prime contractor.

We lacked somewhat in personnel for the main dam 

construction. We did have, in-house, all of the personnel 

and expertise required for most of the preliminary work, 

so, after a little further analysis, we decided to bid the 

project with the assumption that, if we were successful,

I would take over the duties as Project Manager and we 

would employ the necessary staff to construct the project.

Since our estimating department at Eucon Corporation 

consisted of two people, myself and a secretary, we worked 

quite diligently on the estimate preparation for several 

weeks. The method I used for estimating any project was 

to essentially construct it in my mind. This required 

from time to time, several visits to the project to make 

sure there wasn't some physical limitation that would 

influence methods of construction.

Since this was a relatively new procedure, and there 

wassvery little historical information that could be ob

tained, I used the plans and specifications as a guide 

and attempted to visualize what the designer had in mind 

as I put together the various crews necessary to perform 

the work.

The project was scheduled during the bidding process 

and allowed 121 days of work in the original estimate and
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we actually used 124 work days

In the estimate, I used the same conventional batch 

plant that we ultimately purchased, which was a Noble 

600 Low Profile plant with two eight (8) yard mixers 

and utilized a conveyor system from the batch plant to 

the placement area where we discharged into holding 

hoppers and hauled away with scrapers. I used the 

placing spread of two scrapers, one track-type tractor, 

one motor grader, two vibratory rollers full time, 

three laborers and a grade checker.

We will very shortly get into the differences be

tween the estimates and actual construction methods.

In conversations with some of the Corps' personnel, 

our approach to the job at bid time was very similar to 

theirs, and our production rates very closely paralled 

theirs, except for the upper twenty feet or so of the dam, 

where our actual and anticipated schedule was much more 

rapid than that of the Corps.

111. What Really Happened?

For the most part, what really happened is about what 

we allowed for in the estimate. The excavation work 

went pretty much as expected, using about the same equip

ment and crew sizes. The rock was a little more closely 

fractured than we had expected and there was a little 

more dirt in some of the seams than we had expected.

The crushing operation was slightly more difficult 

than we had anticipated. Production rates were about

- 3 -
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10% less than we had allowed in the estimate.

The main area of dispute and surprise, was in the area 

of foundation preparation. Our interpretation of the 

specifications, and indications we had from prebid con

versations, indicated that the foundation preparation for 

Willow Creek Dam was not going to be as stringent as had 

been experienced on conventional concrete dams. The in

dication in the specifications was that most of the found

ation preparation could be handled with high volume, low 

pressure water. That did not prove to be the case. High 

pressure air/water jetting was necessary to.cut the dirt 

that was overlying the rock and those same forces eroded 

the rock itself, so we had to employ substantially more 

expensive techniques than we had anticipated. We have a 

claim pending to resolve those differences.

After a couple of weeks' experimentation, we finally 

located and leased a large, truck-mounted vacuum unit.

The vacuum itself was powered by a 671 jimmy diesel and 

it could easily pick up a six inch diameter rock. That 

machine facilitated our foundation cleanup efforts, since 

it would pick up loose surface rocks and dirt, as well as 

water that collected in the lower areas of the foundation.

As far as the actual placement of Roller Compacted 

Concrete was concerned, we used the Noble batch plant 

that we used in the estimate. We fed it with two 980 

front end loaders.

We abandoned the conveyor system for several reasons,
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of.which were ^ e  initial capital outlay required for a 

system, the timeliness in which this system could be 

constructed and delivered to the site, and difficulties 

in maintaining and moving the system.

After a considerable amount of analysis, we decided 

to maintain haul roads onto the dam and haul directly 

from the batch plant to the placement area with scrapers.

As far as the crew size on the placement area, it was 

just as in the estimate, one crawler tractor, one motor 

grader, two vibratory rollers, three laborers, and a 

grade checker, plus a placing foreman, 2-3/4 scrapers, 

and of course, a water truck twenty four hours a day, 

seven days a week.

The only major changes we made on this project were 

in the upstream facing panel system. The original de

sign called for utilization of precast panels of the 

Reinforced Earth Company's system. We submitted a Value 

Engineering Proposal for a precast panel system of our 

own design, designed primarily by my Project Engineer, 

Kenneth Hunziker. (See Appendix #1). That Value Eng

ineering Change Proposal was ultimately accepted by the 

Corps and resulted in an approximate savings of $700,000. 

The basic panel system is four foot by sixteen foot by 

three and one half inch panels (4' x 16' x 3 V ), exter

iorly supported by a strongback system, and ultimately 

tied back into the Roller Compacted Concrete with a 

three inch by five foot (3" x 5') threaded coil rod

EXHIBIT 25.1 
Sheet 6 of 18

- 5 -



CUCOO OOCPOOATlOfl
TRI CITIES. WASHINGTON

which screwed into an insert in the facing panels and was 

further secured by a four inch square washer on the end 

of the rod.

The exteriorly supported system proved to be very bene

ficial as far as maintaining alignment of the panels was 

concerned. We had a considerable amount of trouble hold

ing the alignment of the Reinforced Earth Panels that we 

used in the training wall area. The main problem we en

countered with the Reinforced Earth Panels was that we 

were attempting to achieve one hundred fifty (150) pounds 

per cubic foot density in the Roller Competed Concrete 

immediately adjacent to the Reinforced Earth Panels. The 

Corps' preliminary tests had indicated that they would 

give sufficient support with a five foot long tieback 

strap instead of the fourteen foot long strap that is 

ordinarily used in the Reinforced Earth's system. That 

is true, after the concrete has taken its initial set 

but in the placing and compacting stages, prior to init

ial set, the five foot long strap doesn't develop enough 

friction to restrain movement in the panels. In future 

considerations, I would say that either a longer tieback 

strap or an exterior strongback system should be considered 

for the Reinforced Earth system.

We have applied for a patent for the system developed 

at Willow Creek Dam.

One area that proved to be a little more difficult 

than anticipated was maintaining the eight-tenths to one 

(8/10 to 1) slope on the downstream face of the dam. While
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the noller Compacted Concrete would easily stand on that 

steep of a slope, its more natural tendency was to attempt 

to stand on about a one-to-one (1-1) slope, so it was nec

essary to place the outside edge of each lift with a motor 

grader and wheel walk the outer edge of each lift in order 

to achieve the 8/10 to 1. This had a tendency to cause 

the‘downstream face of the dam to appear to be corrugated, 

with the corrugations running horizontally rather than a 

smooth, uniform plane.

The gallery was formed by placing non-cemented aggre

gate in the gallery area as we placed each lift of Roller 

Compacted Concrete and ultimately mining that non-cemented 

aggregate out with conventional mining equipment. The 

system worked well. The execution was a little sloppy, 

causing the walls of the gallery to be somewhat more irr

egular than would have been anticipated.

IV. Selection and Training of Personnel

On most construction projects, when a person begins to 

select his crew, he selects from the available work 

force; leaning heavily towards personnel with experience 

in whatever type of work he is'about to perform. In this 

particular instance, we were embarking on a process that 

was essentially new to the construction industry, hence, 

there were no people with experience. I advertised in 

several of the trade publications for staff. I called 

upon people whom I knew from past experience could adapt

- 7 -
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to a new process and ultimately ended up with what I con

sidered to be a good crew.

My Project Engineer was a Resident Engineer with the 

State of Washington. I had dealt with him for quite some 

time in the past and he was curious to see what a const

ruction project looked like from the contractor's point 

of view and also was very eager to be involved in the 

world's first Roller Compacted Concrete structure. Ken 

Hunziker took a year's leave of absence from the Highway 

Department and joined us at Willow Creek Dam.

Our Quality Control and Survey staff was selected 

after several interviews. We availed ourselves of the 

services of Century West Engineering out of Bend, Oregon, 

because they had the depth to supply all of the various 

types of personnel we needed for all of our testing and 

quality control activities.

Our General Superintendent moved from one of our other 

companies. He had quite a bit of experience in dam const

ruction, especially conventional concrete dams.

We eventually signed Union agreements which gave the 

Unions exclusive preferral rights. Prior to doing that,

I personally selected the majority of the crew that we 

would use during the Roller Compacted Concrete placement. 

Most of the crew were fellows that I had known in the past. 

A few were new to me but seemed to have the temperament 

and desire to make this project work. The people who were 

selected prior to the signing of any Union agreements,

EXHIBIT 25.1 
Sheet 9 of 18

- 8-



CUCOO COQPOOAJTOfl
TRI-CITIES. WASHINGTON

stayed with through the entire project. We had to hire 

some personnel through the hiring halls after we signed 

agreements. We did have to terminate several of those 

fellows before we finally found people who fit into our 

scheme of things.

Before we started any Roller Compacted Concrete place

ment, we got together with the Corps of Engineers and Ernie 

Schrader put on a slide presentation for the supervisors 

and for the inspection staff at the Resident's office.

Then, a week or so later, we rented the local Elks' hall 

and had another slide presentation. I gave a little pep 

talk for the entire crew. Once again, the Corps' personnel 

were invited.

What we were attempting to accomplish was to point out 

to each individual , whether he was a Laborer, Operator or 

Teamster, how important his job was to the structural in

tegrity of the dam and also have the inspection staff hear 

the same words that the crew was hearing, to help allev

iate any misunderstandings.

About midway through the project, we repeated that pro

cess because some of the people had become a little more
*

familiar with what they were doing and consequently, a 

1ittle sloppy.

There was one problem that I had not anticipated. Very 

simply stated, we were placing concrete with excavation 

type equipment and consequently with people who were 

primarily geared toward excavation work. The Roller

- 9 -

EXHIBIT 25.1 
Sheet 10 of 18



€ucon oooPooAnon
TRI CITIES. WASHINGTON

Compacted Concrete, both in the scrapers and as it was 

dumped, looked very much like embankment material. 

Historically, dirt people don't understand concrete and 

don't care for concrete. I'm not. sure that we ever conv

inced some of our personnel that they were handling con

crete and that things had to be done in a certain manner 

and within certain time constraints to avoid jeopardizing 

the project. For the most part, the people were adapt

able and very cooperative in that regard.

Of course, our preliminary meetings were not only to 

point out the importance of each job but to make the 

people understand why certain things had to be done.

On the other side of the coin, a great number of the 

Corps' inspection staff had a good deal of experience in 

conventional concrete structures and it was necessary for 

them to "unlearn" some of the things that they had been 

previously taught, since some of the characteristics and 

methods involved in Roller Compacted Concrete construction 

are different than those involved in conventional concrete 

constructi on.

For the most part, the Corps' inspection staff did not 

choose to avail themselves of our educational sessions 

and were not very receptive to learning new methods and 

techniques.

I feel that Ernie and I understood what we were trying 

to accomplish and we established a fairly good working re

lationship. However, there were very frequent disagreements
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bc’veen the Contractor's personnel and the Corps' ins

pection staff that probably would have worked themselves 

out with no intervention on most projects. This project, 

being a new construction technique and being on a very 

tight schedule, did not permit us the luxury of letting 

these problems resolve themselves, so, on a number of 

occasions, it was necessary for both Ernie and I to 

intercede in order to keep the project moving on schedule. 

This intervention caused a number of hard feelings on 

both the side of the Contractor and the Corps.

Until we have managed to complete the educational cycle 

so that we have personnel on both sides who are experienced 

in this kind of construction, in ray opinion, it is going 

to require a person on the project who has a strong will 

and a strong desire to see that things are accomplished 

as they should be.

Ernie's presence on this project was a little different 

than is normally the case on a Corps of Engineers project, 

a representative from the Engineering Department on site 

as an adviser to the Resident. Had Ernie not been present 

on this project, I don't believe it would have been com

pleted in one season, because we would have, on a number 

of occasions, had to stop construction while we were 

getting an interpretation through normal channels. With 

Ernie on site, those interpretations could be obtained 

almost on a moment's notice so that construction could 

continue with no interruptions.

- 11-
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V. Scheduling

Willow Creek Dam bid on October 23, 1981. The contract 

award and notice to proceed were issued on November 6,

1981. We had the pre-job conference in the Corps' office 

in Walla Walla on November 16th and began setting up our 

job site office on the same day.

We started some excavation operations on December 3rd.

We started drilling and blasting in the outlet works channel 

on December 10th, with the first shot on December 14th.

We made the first shot in the quarry on December 11th. Our 

initial goal was to get all the excavation work done in the 

main dam area so that we could begin placement of Roller 

Compacted Concrete on April 1st. We thought by getting 

started at that early date, we could have the dam topped 

out before August 20th, which was the date at which we 

had to begin placing insulation.

The excavation work proceeded much as it should have, 

with few delays. However, our mechanical subcontractor 

suffered some delays in procurement of the diversion con

duit.

Our first completion date on this project was April 1st, 

which is the date when temporary diversion of Willow Creek 

had to be made. We accomplished that diversion on April 

1st, which was about a month later than we had hoped for.

We then began the remaining excavation work in the 

stilling basin. That could not be accomplished until after 

diversion and we started foundation cleanup in earnest, 

with a three shift a day operation, six days a week. The
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foundation cleanup didn't go as rapidly as we had hoped 

either so the result was that we placed the first Roller 

Compacted Concrete on April 29th.

As I have previously mentioned, it took almost ex

actly the.number of days that we had anticipated in 

the estimate.

50% of the aggregate for the Roller Compacted Concrete 

had to be in stockpile by May 1. We crushed the first 

aggregate on the project on December 30th, due to several 

delays in mobilizing the plant. Not the least of which, 

was the cooperation of the local power company. It took 

them five weeks after they started work to get power into 

the project.

In order to accomplish the May 1st deadline, we mobil

ized a second crushing plant towards the end of March and 

ran two crushers through about mid-June. We finished 

crushing on 23 October 1982.

I made arrangements with Peter Kiewit Sons' in mid- 

December to purchase a used Noble model 600 concrete plant 

from them. The plant was fairly complete, except that we 

had to add one weigh batcher and add some electronics.

This plant had two 8 yard Erie Strayer mixers. We began 

moving the plant from Kiewit's Pleasanton, California yard 

to our shop in Lewiston, Idaho on January 4th. The plant 

began arriving on the project on March 2nd and was operat

ional on March 25th, 1982. The computer unit we installed 

in the batch plant was an Alkon Compu/key 20-CRT with a
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printer for a little more positive record keeping and 

inventory control.

Most of the other equipment for the project was 

scheduled in from our various divisions, with deliveries 

to fit our needs.

The flyash for this project was originally to come from 

Centralia, Washington and a portion of it from Boardman, 

Oregon. However, with heavy spring runoffs, there was so 

much hydro electricity available in the northwest that 

both of these coal fired plants were down. So flyash 

ultimately came from the Jim Bridger coal fired plant in 

Wyoming. It came from Jim Bridger to Heppner by rail and 

then by truck from the transfer point, about three miles 

from the job site, to the project. Pozzolanic Northwest 

kept one truck and two drivers at all times, delivering 

flyash, with standby units about fifty miles away.

The Portland Cement came from Lehigh's plant in 

Metalline Falls, Washington, by rail to Pasco, Washing

ton and then by truck the last eighty five miles from Pasco 

to the job site. Lehigh kept three trucks and drivers 

full time, with the fourth full time standby and other 

standby units within about two hours time. We had about 

one hundred eighty five (185) tons of cement storage on 

the job site, between our horizontal silo that came with 

the plant and a guppy that was supplied by the cement 

company, and about eighty five (85) tons of flyash stor

age, We had practically no problems with delivery of
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either flyash or cement.

We had originally planned to work a double eight hour 

shift, six days a week on this project, in order to 

achieve one of our deadlines, which was Elevation 1990, 

by May 21st. We did work a double ten hour shift, six 

days a week. However, that left so little time for 

equipment maintenance that we experienced an extraordinary 

amount of down time. As soon as we achieved Elevation 

1990, we went back to a double eight hour shift, six days 

a week, with a graveyard and a Sunday maintenance crew.

We still suffered some down time on equipment but at least 

it was manageable. The concrete pi ant required four to 

five people, ten to twelve hours every Sunday during peak 

production, in order to keep it workwise. The graveyard 

crew, during the week, could take care of minor items, 

but anything of any major consequence, had to wait until 

Sunday.

VI. Owner - Contractor Relationships

For the most part, relationships between the owner and 

contractor on this project were better than on most Corps 

of Engineers' projects that I have been around. The 

basic reason for a better than average relationship was 

that both the Corps and the contractor were committed to 

prove that a structure of this magnitude could be const

ructed in one season.

In order to accomplish this goal, it required that both 

sides exercise control and reason in arriving at an answer
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to the day-to-day problems that were to arise. And. for 

the most part, both sides lived up to that commitment

fairly well.
I feel that the relations between the Corps and the 

contractor could be improved somewhat if they were to 

adopt a policy more closely akin to some of the other 

governmental agencies. One point that has for some time 

concerned me, is the Corps' policy towards a contractor's 

Quality Control organization. There are few owners that 

require such an organization so consequently, few contract 

ors who keep quality control personnel on staff. On a 

project such as this one, that is of relatively short 

duration, it is very difficult for a contractor to locate 

and employ a quality control staff that is really fully 

qualified. It seems as though the Corps keeps about as 

many inspectors on the project as they would if they had 

sole responsibility for quality control. There is a 

substantial duplication in costs that could be eliminated 

and probably ease an on-going argument about whether the 

owners' sampling and testing techniques are superior to 

those of the contractor.

I also feel that, in many instances, I'll speak now in 

generalities, the Corps-requirements towards submittals 

and their handling of submittals should be updated and 

refined.

VII. Other Applications for Roller Compacted Concrete

I know there has been some work and study done on other
!
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applications of Roller Compacted Concrete besides dc~ con- 

struction. Basically,. the techniques and equipment that 

were utilized on this project would be about the same if 

Roller Compacted Concrete was used as a foundation fill 

or in a gravity retaining wall, as with our upstream 

facing system.

For paving applications, a plant similar to ours, or a 

continuous mix plant, would be appropriate. The hauling 

units would most likely be flowboys or some other rear dis

charge semi units and an asphalt paving machine.

The compacting equipment, even for paving operations, 

would be the same as on this project.

In closing, as you have probably already detected, from 

the standpoint of my company and myself, we found this 

opportunity to be involved in the first major structure 

in the world to be constructed with this somewhat rev

olutionary method, to be both rewarding and exciting.

Thank you for your attention.
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CHAPTER 26

CONVENTIONAL CONCRETE

Included in the main dam contract were approximately 8,000 cubic 
yards of conventional concrete, either as separate payment items or 
incidental to the work. The vast majority of it was used in dental fill 
and bedding mixes. Plate 26.1 shows typical uses of the conventional 
concrete. The classes of conventional concrete (90-day compressive 
strengths) and the location of their use are shown below:

2,000 psi

Bedding for precast items and for RCC construction.

2,500 psi

Concrete for encasement of diversion piping and the outlet 
piping within the RCC dam structure.

Dental concrete.
Leveling pad for prefabricated wall facing units.

3.000 psi

General concrete construction.
Diversion conduit plug.
Control building and gage well building concrete.
Spillway crest concrete.

4.000 psi

Diversion conduit intake structure.
Dam spillway end sill concrete.
Outlet works stilling basin, outlet works spillway, and outlet 

works structure concrete.

In addition, about 400 cubic yards of conventional concrete were 
used for the precast training wall and upstream face panels. The precast 
panels were made offsite, primarily at a small private facility in 
Kennewick, Washington, about 60 miles from the site. This concrete was 
a 4,000-psi steam-cured mix containing 3/4-inch maximum size aggregates 
from a local supplier using a natural gravel source.

The conventional concrete plant for the project was a satellite 
facility of the Umatilla Readymix Company, a major supplier whose central
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facility was located in Hermiston, Oregon, about 50 miles from the job- 
site. The plant was a Model 100 Ross plant with batching capability 
only. Mixing was done in transit trucks. The facility had been at the 
same site just outside of Heppner, about 5 miles from the jobsite prior 
to dam construction. It had been used sporadically for local supply and 
for earlier relocation and miscellaneous highway construction require
ments. Plate 26.2 shows the plant and typical aggregate stockpiles.

Aggregates were supplied by Jones-Scott from their gravel pit and 
processing facility in Umatilla, Oregon, about 50 miles away. Aggregate 
was delivered by truck and kept in relatively small stockpiles at the 
plant. The quality, source, processing method, grading, etc., are 
discussed in the project design memorandum. During peak construction, 
typically 500 cubic yards of each size (1-1/2-inch, 3/4-inch, and fine 
aggregate) were on hand. Near the start of the project, aggregates were 
frequently found to fail gradation requirements. About 500 cubic yards 
of material were rejected. Investigations showed that equipment at the 
main processing facility needed maintenance, replacement, or rebuilding. 
When this was taken care of, gradations were consistently supplied within 
specification limits.

Cement storage consisted of 69,000 pounds in the main silo and 
another 74,000 pounds in an additional storage silo. Type I-II cement 
from the Oregon Portland Cement Company was used for all concrete from 
this plant.

Haul from the plant to the jobsite required travel through Heppner 
and different approaches on access roads depending on where the mix was 
used. The resulting haul time varied from about 10 to 20 minutes. 
Radio communication was maintained between the plant and jobsite. About 
5 minutes were required from the time a mix was ordered until it was on 
the road and going to the job.

From March through November, hot water was normally used to maintain 
required minimum temperatures of the mix. There was no capability for 
ice or chilled water during the summer, but by sprinkling stockpiles and 
placing concrete during the cooler times of the day, mix temperatures 
were typically kept below 85 degrees F during the summer.

The admixture used was almost exclusively MBAE10 for air entrain
ment, with water-reducing admixture used only in the spillway cap for the 
wet mix shotcrete. Soon after warm weather arrived, it was evident that 
the conventional bedding mix would require a high degree of retardation 
if reasonable quantities were to be batched and delivered. The bedding
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was typically needed onsite in a ready status, but not discharged all at 
one time. This mix was then modified to include a high dosage of
retarder.

Contractor quality control and Government inspection/testing for 
quality assurance followed the specification requirements and written 
guidelines provided to the Resident Office at the start of construction. 
With very few exceptions, conventional concrete was well controlled, 
consistent, and very seldom rejected. Mix designs prepared by the
contractor through a testing laboratory hired by his supplier were 
well developed and proved out on the job from placing and strength 
standpoints.
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C O R P S  O F  E N G IN E E R S U. S. A R M Y

DIVERSION PIPE ENCASED IN CONCRETE TO 
THE RIGHT. EXCAVATION FOR PERMANENT 

OUTLET TO THE LEFT.

GROUT PLUG IN THE DIVERSION CONDUIT.

CONVENTIONAL FILL CONCRETE BETWEEN 
THE OUTLET PIPES.

OUTLET WORKS TRAINING WALLS.

TYPICAL REINFORCING STEEL FOR THE 
OUTLET WORKS.

PLACING CONVENTIONAL CONCRETE IN THE 
OUTLET WORKS BY PUMP.

CONVENTIONAL CONCRETE OUTLET 
WORKS AND DIVERSION PIPE AREA

PLATE 26.1
CONT. NO. VOL. NO



C O R P S  O F  E N G IN E E R S M  S A F E T Y  PAYS M U. S. A R M Y

A G G R E G A T E  S T O C K P I L E S  A G G R E G A T E  S T O C K P I L E S

CONVENTIONAL CONCRETE PLANT  

____________________________________________________________ ____________________________PLATE
V A I  M t  t M ß l M t t D I M ß  D A Y *  1 r O N T .  NO. VOL.  N O .

26 .2


