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Pozzolana
may begin
as fly ash

PORTLAND (AP) — The 500
tons of fly ash expected to be
produced by the Boardman
coal-fired electrical power
plant could be a bother to
dispose of — or it could be a
profitiable byproduct.

Portland General Electric
Cn. is trying to sell the fly ash
that will come from the plant
when it goes into operation
next year in north-central
Oregon.

If the utility is successful,
the lowly fly ash will be known
as pozzolana.,

The word is derived from the
name of a town in Italy called
Pozzuoli where the Romans
mined the ash as it was found
naturally as a result of
volcanic action.

The Romans used it to make
cement. It still is used that
way.

“This material is really
nothing new,”” says Art
Heizenrader, director of the
Oregon Concrete and Ag-
gregate * Producers Associa-
tion. “It’s older than the
Portland cement we presently
known in the cement in-
dustry.”

Portland cement is named
after Portland, England, and is
a manufactfred product that
has existed for just over 200
years, he said.

“Portland cement is like a
Betty Crocker cake mix. Just
add water, stir and you've real-
ly got some cake,” he said.

But cement producers have
found that pozzolana can be
stirred in the cement mix as a
substitute for other ingre-
dients.

“Last year, when cement
started getting scarce, the in-
dustry began looking for the
material as a supplement,” he
said.

Because pozzolana will
harden under water, it fre-
quently is used in bridge piers
and is going into the cement for
the Interstate 205 bridge across
the Columbia River east of
Portland.
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Fly ash flurries

.

PGE hopes to cement

profits with

By ED MOSEY
of The Oregonlan staff

It gushes over the tops of boots like
water, ripples away from footsteps in
little tides. Next year, when the Board-
man coal plant is operating at full pow-
er, 500 tons a day of it will be produced.

If Portland General Electric Co.
must bury it, just call it fly ash, the
talc-like residue of burned coal. But if
the firm can sell it — and PGE is trying
to do just that — call it pozzolana.

The word ‘“pozzolana” is derived
from the name of a town near Naples,
Italy: Pozzuoli. It was there that the
Romans mined the ash as it was found
naturally in the ground, the result of
volcanic action. They used it then, as it
is used now, to make cement.

Art Heizenrader, director of the Or-
egon Concrete and Aggregate Producers
Association, can get up a pretty good
head of steam when he talks about the
stuff. The fact that Boardman will pro-
duce it should mean the state’s cement
industry will have all it needs for years
to come.

“This material is really nothing
new,” Heizenrader says. “It’s older than
the Portland cement we presently know
in the cement industry.”

Portland cement is named after
Portland, England, and is a manufac-
tured product that has existed for just
over 200 years, he said.

“Portland cement is like a Betty
Crocker cake mix. Just add water, stir
and you've got some cake,” he said. But
cement producers and engineers have
found that pozzolana can be stirred in
the cement mix as a substitute for other
ingredients.

“Last year, when cement started
getting scarce, the industry began look-
ing for the material as a supplement,”
he said.

Although Portland cement has good

pozzolana

quality without the pozzolana, the lat-
ter is useful as a mixture for certain
uses. Because pozzolana will harden un-
der water, it is frequently used in
bridge piers, and, in fact, it is going into
the cement mixed by Willamette West-
ern for the Interstate 205 bridge. The
U.S. Army Corps of Engineers also used
large quantities in the construction of
dams on the Columbia River.

Usually, the pozzolana comprises 15
percent to 30 percent of the cement.
That’s the mixture in the hardening
material, not including the sand and
gravel.

The substance is used more in the
East than here, says Heizenrader, be-
cause more coal is burned there. A Seat-
tle firm, Pozzolanic Northwest, Inc.,
has distributed pozzolana for more than
40 years.

When used in construction of mas-
sive cement structures, explains Heizen-
rader, the pozzolana absorbs lime and

reduces leaching. It also provides a .

slower, cooler curing period, which re-
duces cracking. Cement produces heat
when it cures.

Jack Lentsch, manager of genera-
tion licensing for PGE, says the compa-
ny is negotiating now to sell the ash. He

would not discuss in detail what he

thought the firm might get for the sub-
stance, although it could be around $2 a
ton, he said.

Only the fine powder is usable in
cement — the ash that air pollution
control devices pull from the stack be-
fore it can escape into the air. The heav-
ier bottom ash might be used for other
purposes, perhaps road building.

The Oregon Department of Energy
and PGE are trying to work out differ-
ences of opinion about how much moni-
toring of the substance should be done
for radioactivity. Like any stone or min-
eral, coal : contains some radioactive
material. PGE contends the ash will
contain radon and daughters of urani-
um, but in concentrations well ‘within

~watate health etandarde

BYPRODUCT — Portland General Electric’s coal
plant at Boardman, which goes on line next year
to produce electricity, will produce approximately
500 tons per day of fly ash, the talc-like by-
_product of burned coal. As pozzolana, it can be
used in cement. PGE hopes to sell it for $2 a ton.

The problem, maintains Lentsch, is
that more monitoring might be required
than is really necessary, and that would
increase PGE’s expenses and make the
pozzolana less marketable. If PGE can’
sell it, the company must pay to bury it.

Charlie Amato of the U.S. Depart-
ment of Energy, which has studied fly
ash, says uranium and thorium are dis-
tributed about uniformly in the Earth in
trace amounts. Burning coal concen-
trates radioactivity in the ash, but prob-
ably not in significant strength to cause

_health concerns, he says. As long as the

substance is monitored periodically, it is
as .saft_a as limestone, which has radioac-
| tivity in about the same proportica,
I “ ‘/
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Engineering ™ Address reply to writer
Experiment Station L = . 100 Mines Building

Pr. F. W. Libbey, Director

State Department of Geology and Mineral Industries
1069 State Office Building

Portland 1, Oregon

Dear Mr., Libbey:

In reply to your letter of June 12, I shall tell you what I can about
the pozzolanic tests to date.

The only thesis work done was that by lkr. N. R. Brandenburg which was
completed last June 1951. A copy of his thesis was sent to Raw lMaterials
Survey with the belief that it would be available both to their office and
to yours. The OSC Library has two copies and the Mechanical Engineering
Department has one copy. These are available for loan.

The samples which your office submitted a year ago, as well as several
others, were made into 2" cubes by Ray Horton during the month of June 1951.
All specimens were prepared using 35 percent cement replacement on a solid
volume basis.

Compressive strength tests have been made at the ages of 3 months, 6
months, and just recently at the age of one year.

During this past year another graduate student working for the Engineer-
- ing Experiment Station (but not on a thesis) used the same samples for lime-
reactivity tests.

The following information shown tabulated may give you some idea of the
results of these tests. In general, it is apparent that:

4
1. None of the materials in their natural state develops over 40
percent of the control sample.

2. All materials were improved by grinding.

3. The correlation between the portland cement specimens and the
7-day lime specimens was quite good although the extremely fine
ground samples gave disproportionately high strengths with the
lime test.

The results on the whole have been disappointing as we had hoped that the
ash samples would show up as well as the commercial fly ash. (n the lime test



kr. F. W. Libbey - -2 - ‘ v July 3, 1952

a good pozzolanic material should develop 1000 psi at 7 days.

I am again working for the Bonneville Power Administration this summer,
but expect to prepare the information we now have for a bulletin next winter.

Very truly yours,

/s/ C. 0. Heath, Assoc. Professor of
Engineering iaterials

CCH: jb

cc Raw Materials Survey
Mr. W. E. Miller
Professor 5. He. Graf




Lab Sample
No. No.
1 o
6 P-11189
5 P-11190
7 P-11190
10 P-11191
23 P-11191
9 P-11192 °
b b P-11192
13 P-11235
11 P-11243
18 P-11243
8 P-11934
16 P-11934
15 P-11935
2L P-11935
3 P-11936
17 P-11936
1 P-8484
19 P-8480
20 P-8480
2

July 3, 1952

RESULTS OF TESTS FOR POZZOLANIC ACTION IN PUMICITES

/

.

Relative compressive

Specific surface Strength, %
sq. cm/g 35% Cement Heplacement Lime
Description As received Ground 3 mo 6 mo 1 year psi

Control - (100% Type II Port. Cemt) 100 100 100

Silty clay 1680 58.5 50 43
Merritt ash 1550 31.5 36 36 249
Merritt ash 3320 79 75 72 8lk
Light ash 3370 Ll .5 40 39 534
Light ash (Very fine) 75 70.5 8L 2450
Dark ash 1620 33 34 36 880
Dark ash 5500 L 73 72 1745
Red ash 3100 L2 34 29 341
Grey tuff As received 35 LO 37 374
Grey tuff 3440 51 57 61{ 399

Bend top ash 2430 52 L9 L9
Bend top ash 3270 63 58 6l 672
Pumice 2900 73 T3 Th 738
Pumice 3880 85 86 75 8L0
Tumalo ash + 4790 41 34 32 810
Tumalo ash 5110 54 L8 L6 1105
Pumice dust 3370 58 68.5 67 525
As received 50 50.5 L7 543
‘ 2310 72 73 78 828

Commercial fly ash 3060 92 92 83 1051




CORPS OF ENGINEERS, U. S. ARMY
OFFICE OF THE DISTRICT ENGINEER

#

ADDRESS REPLY TO: SACRAMENTO DISTRICT, -
DISTRICT ENGINEER B ) WRIGHT BLDG.. 1209-8TH ST.
SACRAMENTO DISTRICT sl SACRAMENTO, CALIFORNIA
CORPS OF ENGINEERS, U.S. ARMY s

P. O. BOX 1739
SACRAMENTO 8, CALIFORNIA

Rerer To FiLe No. SPKGC 411,8 . 25 SEP 1956

State of Oregon

Department of Geology and Mineral Industries
702 Woodlark Building

Portland 5, Oregon

Gentlemen:

Advance information has been received from the Office, Chief of
Engineers, Washington, D.C., that, as a result of investigations at
the Waterways Experiment Station, Vicksburg, Mississippi, pozzolanic
materials will be considered for use in Civil Works construction.

A data -sheet and a tabulation of test requirements have been
prepared for distribution to producers of these materials. Copies of
these forms are inclosed for your information.

Information on sources of supply and addresses of companies
which produce pozzolanic materials in Oregon will be greatly appreciated,

FOR THE DISTRICT ENGINEER:

Sincerely yours,

‘76\/ < KOCHIS
2 Inecl Chief, Engineering Division
1. Data Sheet

2. Tables




Tables Prescribing Requirements for Portland-Pozgolan Cement,
and Pozgolan as Covered by Federal Specification SS-Geg08b

Ao PORTLAND-POZZOLAN CEMENT:

Requirements: :

l. Portland cement or Portlandecement clinker used in the portlande=
pozzolan cement shall conform to the requirements for chemical composition
for type I, Federal Specification SS=0=192. Pogzolans used in portlande
pozzolan eement shall conform to requirements specified in table ITI,

2. The percentage of pozzolan in the portland=pozzolan cement shall
not be less than 15 percent nor more than 35 percent, by weight, The
manufacturer shall state the source, amount, and composition of the pozgzolan
used in the finished portlandepozzolancement, The amount of pozzolan in
the finished cement shall not vary more than +5,0 percentage points by weight
from the amount stated by the manufacturer,

5. Detail Requirements, = The portland-pozzolan cement shall conform
to the requirements for chemical properties presgcribed in table I, and to
physical properties prescribed in table IT,

TABLE I, = Chemical Requirements

TEST : TYPETI : TYPE IA
] e
Percent Percent
Sulfur trioxide (SO3), maximum 2.5 205
Moisture content, maximum | 3.0 3.5
Ignition loss, meximum 3.0 3.0

hud, »




TABLE II., - Physical Requirements~

.

- s % '
TEST + TYPEI : TYPE JA
H 2

Fineness: :

Residue No. 325 sieve, maximum, mnt-.oooboo 12 12
Blaine fineness meter:

Average value, minimum, &q. m./g.......noqo.o 2500 2900

Minimum value, any one sample, 8q, CMo/Beecsccoc 2700 2700

Soundness, autoclave expansion, maximum,

Dﬂrm‘t’otoood--oooooooogooooooooooooo.oo-oooooo 0o5 065
Time of setting, Gillmore test: /

Initial, minimum, minuteSeccncceccovevocesccecse 60 60

Final, maximum, NOUrScueesscessncsncvosvessaccoo 10 10
Compressive strength: (lLol.6) minimum: - ,

1 day in moist air, & days in water, 1b./sq, in 1500 1250

1 day in moist air, 27 days in water,

lbO/sq. m.o...ﬂ‘..oﬁooﬂ..o.’.ﬂ.ﬂ..QD‘..C.O.’..O 3m asm
(The strength at 28 days shall be greater than

at 7 days.)
Air entrainments percent by YolumnNes e 000s 0000000 0=12 15021
Water requirement, maximum, Mloeooovasococoecoosoo 320 280
Drying shrink&ge (hoholl), m‘m. percentooooooo 0.12 0,11

Mortar expansion:
At age of 14 days, maximum, percentiocccccccosce 0,020 0,020
At age of 8 wealsymaximum, percéntccccccesvscec 0,060 04060
False set, minimum, penetration MMoo000000000000.00 10 10
(This requirement applies only when specifically
. requested in the invitation for bids,)

Type 1. = Portland=Pogzolan cement noneaireritrainingo
Type IA, « Portland-pozzolan cement airentraining.

B, Pozzolan, - Pozzolan which is blended with finished portland cement to
produce portland=pozzolan cement shall meet the requirements prescribed in
table III. The fineness requirements need not apply to pozzolan which is
interground with portland-cement, clinker to produce the portlands=pozzolan
cement, For evaluating the contribution to compressive strength, coarse
pozzolans shall be ground only to the extent of having a residue on the
No, 325 sieve of 12+2 percent, For materials such as diatomaceous earth
with essentially no residue on a No., 325 sieve, the minimum residue need

not apply.




TABLE III, - Physical requirements - Pozzolan

e

$ '
TEST : TYPE P]' s TYPE 1"2
g ety
Fineness R
Residue No, 325 sieve, s percentecsccse 12,0 12,0
Blaine fineness meter, mirimum, sqe oMe/Eeecce =« = 3000
Contribution to compressive strength (4,5,3):
Percent of control 28 days, minimum,sesececcoe 75 85

(The compressive strength of the portland-
pozzolan cubes at 90 days shall not be less

than the strength at 28 days,)

l'l‘ype P refers to natural materials such as .clnya, shales, diatomaceous
earths, tuffs, volcanic ash and pumicite, either calcined or uncalcined,
Many patural possolans are improved by caleining between 1,400°F, and
31,0007, -

2’rype F refers to fly ash, an artificial pozzolan which is a fine ash
collected from the flue gases at the stacks of power plants burning
pulveriged coal.




MATERIALS FOR POZZOLAN

R. C, Mielenz, K. T. Greens, N. C. Schielt?, and M. E. King

.

Bureau of Reclamatioﬁ, Denver Federal Center, Denver, Colorado

Interest in pozzolans for use in concrete is increasing to such an
extent that it behooves the geologist to learn their properties and
identity., Pozzolans are siliceous and aluminous materials which react
with lime at ordinary temperatures producing cementitious compounds.

Natural pozzolanic materials can be identified by petrographic
methods, Effective volcanic ashes are rhyolitic, dacitic, andesitic,
or phonolitic. Clayey materials may contain laolinite, montmorillonite-
type minerals, illite (hydromica), or palygorskite; clayey pozzolans
require calcination to activate the clay and reduce water requirement.
Opaline pozzolans include diatomaceous earth, siliceous shales, and
some cherts. Diatomaceous earth is the most active of natural pozzolans,
but its use ordinarily increases water requirement and hence drying
shrinkage of mortar and concrete. Industrial by-products include fly-
ash, ground brick, and blast-furnace slag.

Investigations of pozzolans are being conducted by many organiza-
tions in the United States. VWhen used to replace a portion of the
portland cement in concrete, maany satisfactory pozzolans will decrease
costs; reduce heat of hydration; increase workability; decrsase water
gain and segregation; increase resistance to aggressive waters; and
increase tensile strength, usvally without critical loss in strength
or durability. Less satisfactory pozzolans introduce adverse properties
to the concrete. Some pozzolans will prevent or greatly retard the
interaction of cement alkalies and aggregates, a process sometimes caus-
ing intense deterioration of concrete,

Natural pozzolans which control alkali-aggregate reaction in con-
crete include: opaline materjals; calcined kaolinite, certain mont-
morillonite-type minerals, and palygorskite; and certain rhyolite
pumicites. These pozzolans are the most valvable.

Bulletin of the Geological Society of America, Vol. 60, No. 12, Pt. 2,
p.198%, December 1949
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' STATE DEPARTMENT OF GEOLOGY AND
MINERAL INDUSTRIES

1069 STATE OFFICE BUILDING -
PORTLAND 1, OREGON .

i, N, S. Wagner
State Assay laboratory
2033 First Street
Baker, Oregon

Dear Wag:

Dave King, U.S.B.M., Spokane, was in the office yesterday and outlined
a program for obtaining samples of poszolanic materials. It seems that the
Bureau is anxious to obtain guite a few samples in commection with a coopera-
tive project with the Bureau of Reclamation. They have asked us if we could
obtain 100-pound samples from the following aress:

1. Omne sample each from the twe pumice producers in the Bend area,
with one additionsl sample of seme of the woleanic ash or pumieite
if there should be a suitably large depesit in the vicinity.

2. 4 sample represemtative of the large reserves in the Chemmult ares.

3. A sample of diatomite from either Terrebonne, Telecaset, or Harper

Lo A typical sample of clinoptilolite.
5. Amhaf&nuu?.

King will supply you with large sample bags and mailing tags in the
very near future.

Hollis and I feel that this is a worthwhile project and san probably
be accomplished with your squiring the U.P. boys arcund, There is no real
deadline except that they would like to have some of the samples within the
next 30 days and the last not later than six months from now.

King has already visited the Kaiser plant at Shutler and was plaming
on visiting the Empire Building Materials Company west of town after he left
here yesterday.



Negards,

REMs 1k

Bnel.
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N Spokane 0ffice of Mineral Reséurces
e . Area Vii

October 8, 1965

Mr. Robert Van Atta
Department of Geology
Portland State College
724 Southwest Harrison
Portland, Oregon

Dear Mr. Van Atta:

I am one of several Bureau of Mines Geclogists investigating and testing
the pozzolan resources in the United States. Pozzolan is fine=ground
active glass, either natural or artificial, which can often be used
beneficially as a cement=replacement in mass-concrete structures, such
as dams and piers; or in applications such as aqueducts, tunnel=linings,
or concrete pipe. In the Portland area, there is a potential market

for pozzolan in concrete pipe, piers, sca walls, and dams to be built
along the Columbia and Snake Rivers.

This August when | was looking for leads to potential pozzolan deposits,
Mr. Ralph S§. Mason of the Oregon Department of Geology and Mineral
Industries informed me that you were working on your Doctor's thesis
this summer in the Portland area, and know the geology cf this area
pretty well. He recommended that | contact you.

The ideal pozzolan find in the Portland area would be a tuff or tuffaceous
sandstone containing over 70 percent volcanic glass, is in a bed ten Teet
or more thick, and has a less than 1:1 overburden strip=ratio. Also, it
would be desirable to locate a deposit that is within 10 miles of a rail
siding, or 25 road~haul miles or less from Portland, Oswego, or a barge
shipping point on the Columbia River. | would be grateful if you could
recollect and pinpoint one or two deposits for me that at least roughly
meet these parameters. ¢f you do not know of any deposits, | would still
appreciate any comments you wish to make on the prospects of finding one
in the Portland area. | have enclosed a self-addressed envelope. Any
assistance you are able to give me would be greatly appreciated.

Sincerely yours,

David P. King
Geologist
Enclosure
DPKing:aw
GC3 SMason
LLBrown
gﬁWright




January 20, 1965

Memorandum

To: All Pozzolan Project Leaders

From: David P. King, Geologist, Spokane Office of Mineral
Resources, Area VI|I

Subject : Reclamation Laboratory Reports

Attached is a list of 34 Reclamation laboratory documents on file in

the library of Area VIl's Spokane Office of Mineral Resources. Reclama-
tion loaned these reports to this office with the understanding that
they would be made available to the other Bureau of Mines pozzolan
projects. For the most part, Reclamation has only one or two library
copies of its reports in its files. Reclamation anticipated problems

if each project Area were to apply individually for their own set of
reports. Reclamation felt that on the one hand they may not be able

to meet the demand if several Areas were to apply for the same document;
while on the other hand, they may be left without copies to loan to
other parties. For our part, common sense also dictates that we should
not saddle Reclamation with library circulation problems that we could
handle within our own agency.

Charlie Weiler sent me a list of 65 of Reclamation's laboratory reports
that he had obtained prior to my visit to Reclamation. Only six of
these reports are duplicates of ones Area VII| has on file. Charlie

has advised me that he will shortly distribute a list of Reclamation
documents he has on hand to the other Area projects. Between us, we

do not have all the Reclamation reports which are relevant to all
projects. We collected only,those reports which we felt would have
bearing on our own projects; however, some of these reports may contain
information relevant to other or all Area projects.

Area V1| encourages you to borrow any of the reports on our list. We
offer them to you through our library. Attached are copies of our ''[ntra-
Bureau of Mines Loan'' form which you should use in applying for these
reports. The forms are, for the most part, self-explanatory. We rec-
ommend that you fill out the form. It would suffice to list the reports
you want by number only (for example, Ce 73, Pet-90B, etc.). In the



blank space following ''feturn date'' put the date three weeks from date
you mail your loan request; the extra week is to allow for mailing
time both ways. Sufficient copies of the loan-form are enclosed so
that you may keep copies .for your records.

Since the reports Charlie and | have on file do not represent all

of the Reclamation reports which may bear on your project, you may, of
course, need to turn to Reclamation for other reports. However, you
may want to check our Tists of Reclamation reports before you apply

to Reclamation for any.

Now to the question of how you find the Reclamation reports that may
have relevance to your project. Charlie and | have copies of the
indexes to Reclamation’s reports (see item | of attached appendix).
Your first course of action would be to borrow these indexes, and from
them, make up a list of those reports you wish to acquire. For those
reports you cannot obtain from Area VI or VIIl, you would need to apply
for them to:

Henry C. James, Chief
Library Branch

Bureau of Reclamation
Denver Federal Center
Denver, Colorado

It would be appreciated if you would then circulate a list of those
reports you obtain directly from Reclamation's library.

Thank you.
David P. King
Attachment
DPKing:aw "
cc: 0. M. Bishop, Area II1
R. E. Dawes, Area |11
H. F. Robertson, Area IV (2 copies)
R. L. Bolmer, Area V (2 copies)
F. E. Williams, Area V
C. T. Weiler, Area VI
D. G. Irving, Area VI
R. B. Maurer, Area VI
L. L. Brown, Area VII
M. L. Wright, Area VII
SO
Df
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_APPEND IX MAY = RECLAMAT ION REPORTS ON FILE AT AREA VIl SPOKANE OFFICE

Note: All pozzolah\project leaders are encouraged to apply to this
office for any of the file reports listed below. Loans are
on a two=week basis, but are renewable if advance notice is

given.

Intra=Bureau of Mines Library loan slips are attached

for your convenience.

1. INDEXES TO RECLAMATION'S LABORATORY FILE REPORTS AND PROJECT LOCATIONS

(RR-A11 Areas):

(RR=A11 Areas) #

(RR-AT1 Areas) =

Ce 4O
(P1-A11 Areas)

Ce 73
RUARDES

CH 94
(Vi)

CH 95
(PI=T11,VI1)%*

Index to Laboratory and other Numbered Reports
(Preliminary Edition), from January 1900 to

January 1957, inclusive, Division of Adminis-

trative Services, Technical Information Branch,
Technical Library Section, January 1, 1957, 316 pages.

Index to Concrete Laboratory Reports (''C'' Series),
January 1957 to June 1963, inclusive, A preliminary
list, 75 pages.

Names & Locations of Reclamations Stations & Projects,
April 6, 1962, 75 pages.

CEMENT LABORATORY REPORTS

Blanks, R. F. and others. Alkalies in Cement and

their Effect on Aggregates and Concretes, Progress
Report, July I, 1942, 230 pages.

Mielehz, R. C. and H. W. B. Investigation of
Concrete Pipe, Yakima Project, Engineering &
Geological Control & Research Division, Branch

of Design & Construction, October 9, 1944, 3 pages.

CHEMICAL ENGINEERING LA%ORATORY REPORTS

Halstead, L. lInvestigation of Pozzolanic Materials
for Hungry Horse Dam, Research and Geology Division,
Branch of Design & Construction, June 1948, 7 pages.

Halstead, L. Physical and Chemical Properties

of Fly=Ash = Hungry Horse Dam, Research and

Geology Division, Branch of Design and Construction,
June 1948, 10 pages.




k.

CONCRETE. LABORATORY REPORTS

c 480
(P1=A11 Areas)*

C 505
(P1=A11 Areas)

C 612
(P1-Al1 Areas)=*

C 656
(PL=111,VI1)%

C 660.1
(P1-A11 Areas)s

¢ 740
i iy

L 797
(VI

C 828.2
(RR=AT1 Areas):

Adams, R. F. Progress Report=Concrete Investigations
for Hungry Horse Dam, Research and Geology Division,
Branch of Design & Construction, March 13, 1950,

50 pages, contains Appendixes A, B, C.

Ore, E. L. Investigations of Crazing, Cracking,

and Excess Pozzolan in Concrete, Davis Dam, Davis

Dam Project, Arizona, Research and Geology Division,
Branch of Design & Construction, June 2, 1950, 8 pages.

Elfert, R. J. Preliminary Investigation of the
Effect of a Finely Ground Diatomaceous Earth on the
Properties of Concrete, Engineering Laboratories
Branch, Design & Construction Division, January 7,
1952, 6 pages.

Porter, L. C. Concrete Mix Investigations for

Canyon Ferry Dam, Canyon Ferry Unit, Helena, Great
Falls Division, Missouri River Basin Project,
Engineering Laboratories Branch, Design and Construc-
tion Division, June 22, 1953, 26 pages.

Cordon, William A. Experience with Pozzolans and
Entrained Air in Concrete, presented at the Annual
Fall Meeting of the General Technical Committee,
Portland Cement Association, Sept. 29=0ct. 2, 1952,
Denver, Colorado, 10 pages.

McMillen, D. S. Investigation of Supplemental Pozzolan
for Hungry Horse Dam Concrete, Hebnes Pit Pozzolan,
Engineering Laboratories, May 10, 1954, 4 pages.

Harboe% E.M. Progress Report Investigations of Creep
Characteristics of Concrete for Grand Coulee Dam,
Columbia River Project, Engineering Laboratories,
March 28, 1955, 3 pages.

Price, Walter H. Fly Ash in Heavy Construction,
Engineering Laboratories July 31, 1956, 8 pages.




B

C 880 -
(P1-A11 Areas)

C 968

N/A %

C 989
(RR-A11 Areas)*

C 1009
(P1-AT1 Areas) *

¢ 1017.1
(P1-Al1 Areas)s*

o

Crosby, A. B. Properties of Mass Concrete in
United States and Foreign Dams, Division of
Engineering Laboratories, July 11, 1958, 3 pages.

Smith, F. L. Resistance to Sulfate Attack of
Concrete Using Special Cements as Compared with
Concrete using Type V Sulfate-resisting Cement.
Division of Engineering Laboratories, May 18,
1961, 4 pages.

Flack, H. L. Five Year Progress Report on
Investigation of the Durability of Concretes
with Different Types and Percentages of
Pozzolans, Division of Engineering Laboratories,
August 25, 1961, 11 pages.

Harboe, E. M. Properties of Mass Concrete in
Bureau of Reclamation Dams, Division of
Engineering Laboratories, December 6, 1961,

6 pages.

Price, Walter H., and Elmo C. Higginson, Present
Bureau of Reclamation Practices in Mass Concrete
Technology, presented at the 58th Annual Convention,
American Concrete Institute, Denver, March 13-15,
1962, 17 pages.

MATERIALS INVESTIGAT IONS REPORTS

Ml 10
(RR=VI,VII)=*

Martin, A. R. Investigations of Construction
Materials for Projects in Region 2, Research and
Geology Division, Branch of Design and Construction,
Denver, Colo., January 23, 1951, 68 pages.

PETROGRAPHIC LABORATORY REPORTS (Recent reports are designated
Chemical Engineering Lahoratory Reports)

Pet 60
(Area V11 only)s*

Pet 90B
(RR=A11 Areas)s

McConnell, Duncan. Bentonite Sample - Rathdrum
Prairie Project, ldaho, Petrography Laboratory,
Denver, Colo., February 9, 1944, 1 page.

Mielenz, R. C. Materials for Pozzolan: A

Report for the Engineering Geologist, Research

and Geology Division, Branch of Design & Construc-
tion, Denver, Colo., June 6, 1950, 25 pages.




/
Pet 92.. Rhoades, Roger and Richard C. Mielenz. Petro-
(P1-A11 Areas) Shi 1 ‘e G et
Aggregates, Reprint from the Copyrighted,
Sympos ium on Mineral Aggregates, Special
Technical Publication No. 83, published by the
American Society for Testing Materials, 1948.

Pet 102 Mielenz, R. C. Pozzolans and Cement=-Pozzolan

(RR-AT1 Areas)®* Reactions, Engineering Laboratories Branch,
Design and Construction Division, December 29,
1952, (A paper presented October 1, 1952, to
the General Technical Committee of the Portland
Cement Association meeting in Denver, Colorado).

Pet 121 Benton, Elton, J. Hydration of Portland=Pozzolan
(P1-A11 Areas)®* Cement, A Research Project Sponsored by the
National Science Foundation, Division of
Engineering Laboratories, September 9, 1957,
23 pages.

Pet 123 Holland, W. Y. Summary of the Results of a Study

(P1-AT1 Areas)®* of the Alkali Release from Various Combinations
of Pozzolans with Hydrated Lime Versus the
Expansion due to the Alkali-Aggregate Reaction in
Pyrex Mortar Bars, Division of Engineering
Laboratories, May 31, 1961 Revision of original
report issued June 3, 1959, 12 pages.

Pet 127 Benton, E. J. X=ray ldentification of the Complex

(PI-A11 Areas)* Calcium-Aluminate Hydrates - Progress Report,
Division of Engineering Laboratories, November 16,
1961, 6 pages.

Pet 128 Bentort, E. J. Investigation of the Correlation

(RR-A11 Areas)®* of Mineralogy of Pozzolans with Performance in
Concrete = Engineering and Methods Research =
Progress Report, Division of Engineering
Laboratories, December 5, 1961,

TECHNICAL MEMORANDUMS

TM 345 Rawhouser, Clarence, Volume Change in Mass Concrete,
N/A% Pine Canyon Dam, Concrete Research for Boulder Dam,
Progress Report, August 31, 1933, 27 pages.




TM 413 ..
(PI-AT1 Areas):

™ 419
(PI=A11 Areas)

T™M 461

(P1-A11 Areas)*

TM 500
(P1-A11 Areas)*

p
Holland, W. Y., W. T. Moran and W. H. Dumke,

Preliminary Manual for the ldentification of
Pozzolanic Rocks, November 15, 1934, 16 pages.

Gruen, D. R. Cement with Pozzolanic Admixtures,
Translation from Proceedings of the International
Association for Testing Materials, Zurich meeting,
Vol. |, September 6-12, 1931, 41 pages.

Feret, R. Researches into the Nature of Pozzolanic

Reactions and Materials, translated from, ''La
Revue des Materiaux de Construction et de Travaux
Publics' (Review of Construction Materials and
Public Works) for February and March, 1933,
Translated from French by S. P. Wing, June 24,
1935, 14 pages.

Meissner, H. S., and W. T. Moran. Laboratory
Procedure for Determining the Relative Cementitious
Value of Pozzolanic Material, December 16, 1935,

L1 pages.

* Refers to type of information and the Area Offices to which the
information is likely to be of interest.

Pl - General Information on pozzolan.

RR - Recommended reading, contains test data or fundamental pozzolan
background information.

N/A - Not applicable to project.



Mineral Resource Area VII

Sample No. Pl

¥ DBUREAU OF MINES POZZOLANIC MATERIALS PROJECT
Denver Pozzolan Testing Laboratory Laboratory No. D=759

Results &f physical tests on raw or calcined naturdl pozzolan for use
as an admixture in porLlu“d cement concrete (ASTM Specifications C402-63T)

. Pt 3 4
Test material Pumicite
Source Expanded Dooleyelir=lerlitc.
Special instructions _Crind moterial Do not calecine materia
Mineral composition, percent é Chemical analysis, percent
Active: Volcanic glass Tyme T ' 99+ ASTM specs.|Test mat'l.
ne 1.49 $10,+A1,0,4Fe, 0 70.0 mi
b - Qhg 1 ek & & min
— 2 23 2°3
- i (=1 [ 3.0 max.,
503............. 3.0 mex. |
Other: Feldspax Trace ! (905 [0 P A 10.0 max
{
Sericite Trace Moisture........ 3.0 max.|
Sample preparation: Calcining _ROIE€ °F for hours in

[ -
Grinding 15 minutes with 12 X lli=inch lsboratory ball mill,

! Phvsical Test Data

Specific gravity __ 2032 , ASTM specs.|Test mat'l.
Fineness: )
. 3 . 4
Mean particle diametelees s wvmms: nonws s vnsmes » NLETONS 9.0 max. 259
7
Material retained on No. 325 sieve.............percent 12.0 max.| ©e3

Pozzolanic activity index:
Compressive strength with portYand

. am
cement @ 28 days........vuv.u.......percent of control 75 min.| €2
Compressive strength with lime @ 7 days............psi 600 min.| €07

Water requirement.........c.evee.......percent of control 115 max.| 110
Change in drying shrinkage
of mortar bars @ 28 days.::ssss«ssssiess snvenssvpercent 0.03 max.| ©Og0L
Soundness: Autoclave expansion or contraction....percent 0.50 max.|= G0l
Reactivity with cement alkalies:
. . . o
Reduction of mortar expansion @ 14 days........percent 73 min.! O




Sample o P=-106
¥ - e — 5 e Sample No. ol
BUREAU OF MINES POZZOLANIC MATERIALS PROJECT ¥
' r . . . 3 Y74
; Denver Pozzolan Testing Laboratory Laboratory No. D=7u7
Results of-physical tests on raw or calcined natural vpozzolan for use
as an admixture in portland cement concrete (ASTM Specifications C4C2-63T)

.
Test material Fumicite

(4]

L A e A . :
ource =ast Birch Creeck Pumicite, Pilot Rock, Umatilla Countyv, Oregon

Special instructiomns _ Grind material to recuired fineness only.

Mineral composition, percent Chemical analvsis, percent
: Y o s o i N o 5
Active: Volcanic glass Type I ! 97 ASTM specs.|Test mat'l
nad = ':-]

I Si0 +A120 +Fe, 0 70.

2 3 2°3

S Mol o5 s mmmis o s ws

wn

o lo |lo
%
4

(%)

Sy ot v 5 snmiew 4 8 win

3

Other: <Le-&sSpar 2 )R 0 P Oy S 10.0 max
Ferromagnesian minerals 1 Moisture........ 3.0 max.

Sample preparation: Calcining _Tone °F for hours ir

Grinding _ 15 minutes with __ 12 X lh=inch lsboratory ball mill

PRS-

| Physical Test Dats

| Specific gravity _ 2.LbL _ ASTM specs.|Test mat'l
Fineness: 5.0
Mean particle diameter..... e veeewe.....microns 9.0 max :
Material retained on No. 325 sieve:::avess.ssuspercent 12.0 max. 6oL
Pozzolanic activity index:
Compressive strength with porfﬁand 89
cement @ 28 days::sses:: a0 snns i spercent of control 75 min,
: 5
Compressive strength with lime @ 7 days............psi 600 min.| 932
Water reguilrement. . smae s wuvs i ns ....percent of control 115 max.} 106
Change in drying shrinkage 0.00
of mortar bard @ 28 dayScses s vmwnes wnmn sy vons DEESENL 0.03 mex.
Soundness: Autoclave expansion or contraction....percent 0.50 max. 0.03
| Reactivity with cement alkalies: 71
f Reduction of mortar expansion @ 14 days........ percent 75 min.
é i

Does test material meet specifications?

1 @ 4 . P
Remarks or comments:
-

/ 3 : -
s )
[ LoleZl PLLE . 2 I e L A .
Y 7 R



Ao

Mineral Resource Area VII

“-J&O C: ()

- 28 PO = Sample No c0

¥ BUREAU OF MINES ZZOLANIC MATERIALS PROJECT g
Denvcr Pozzolan Testing Laboratory Laboratory No. D=7L2

Results of physical tests on raw or calcined natural pnozzolan for use

' ram

n
as an admixture in portla 1& cement concrete (ASTM Specifications C4(C2-£37

Diatomaceious Pumicite

5

Source Harper Ash, Malhuer County, Oregon

Special instructions _ Grind te reouired finenecs.

Index = 1,50 ‘

Mineral composition, percent Chemical analvysis, percent
Active: Volcanic glass Type I | 74 ASTM specs.|Test mat'l

2
- Diatoms o5 MgO.ovvinvnonnn, 5.0 max.|

SiOZ+A1203+Fe 03 70«0 min.

S0 s wmwa s s ummass O maR.

3 3
Lo e Qoullsion ois i a i 5 5 10.0 max.

jd

Other: Feldspar

0 max.

(%]

Moisture: ssaws « s

‘

Sample preparation: Calcining neneé °F for hours in

Grinding __20 minutes with _12 X Ui=inch laboratory ball mill

i Physical Test Data

i % .
Specific gravity 2,41 _ ASTM specs.|Test mat'l,
Fineness:

Mean particle diameter.......eevveusesnewsn.... .microns 9.0 max 2.7
Material retainmed on No. 325 sieves.s..:s.es.qspercent 12.0 max 6.0
Pozzolanic activity index:
Compressive strength with portland 71
cement @ 28 days.ssssssenssanws s sospercent of control 75 mio.
. L . ) ‘ 1009
Compressive strength with lime @ 7 days............psi 600 min. 1009
. o - . —2 /£
Water requ*rewen* ......... s s swwa s s wehspErcent of control 115 max. 125
Change in drying shrinkage 0.02
of mottar bars @ 28 daySe« . wsumesonans s wuan s s PELCENE 0.03 max. o=
5 i@ |
Soundness: Autoclave expansion or contraction....percent 0.50 max. 0.0
Reactivity with cement alkalies: -
Reduction of mortar expansion @ 14 days........percent 75 min. s

~=

Does test material meet spccif'ca;ion [0

o ’ SR i :
Remarks or comments. Crctratid ”Z/Aw//M:ZA”/C K)A/,&T:/éf%7£@ffluf

) y b
T 5 D= / f2 oy i - .
QCCeayitrd yi ‘LA!,/L’P— Gz e dduee) OF ///ﬁf{

!/-./ L (_I_Tc\g 6k NQ*{_‘ s/lde 4.€ r",l'rt’f._r:‘.!‘:”l"A";



Mineral Resource Area VII

é = Sg,ﬂ T e N v ?"?O
BUREAU OF MINES POZZOLANIC MATERIALS PROJECT ample Ho
Denver Pozzolan Testing Laboratory Laboratory No. D=-74L2

Results of.phyvsical tests on raw or calcined natural no
as an admixture in portland cement concrete (ASTM Specifica

ozzolan for use
tions C40O2-63T

Test material Jumice
Source Bend Pink Pumice, Deschutes Con ro Oregon
g 3 1~ - -3 31 Crind to souired £ ness 1y
Special instructions LIInd To roguirced I11nincss onlys
Mineral composition, percent i Chemical analysis, percent
Active: Volcanic glass Type I 97 ASTM specs.|Test mat'l

Index= 1,50

SiO +Al_0.+Fe_ 0 70.0 min.

2 2 3 23

180 ¢ satnws s 3 nmaw s 5.0 max.
SO, wwswm s ovwmis 3.0 max.

Other: Feldspar 3 5 TR S 10.0 max.

3

Moisture........ 3.0 max.

Sample preparation: Calcining _NOne °F for hours in

Grinding 30 minutes with 12 x ll=inch laboratory ball mill

Physical Test Data

Po

Specific gravity __ 2eL8 _ ASTM
Fineness:

zzolanic activity index:

.

0
tel
[§8)
0
wm
3
(]
)
t
=
3
p
=

Mean particle diameter: vawssssauinsss s s oes MLCTODS 9.0 max 3.6
Material retained on No. 325 sieve.............percent 12.0 max. 542

Compressive strength with port‘land 8%
. v
cement @ 28 days..........v.v.......percent of control 75 min.
. . . . . 106
Compressive strength with lime @ 7 days.......u.... psi 600 min. ~0c0
s -
Water requirement...... www v s wwess s avess percent of control 115 max —v2
Change in drying shrinkage .
of mortar bars @ 28 days........vvvvvuvene.. .. .percent 0.03 2 001
7 * 0O 00
Soundness: Autoclave expansion or contraction....percent 0.50 max. Vol
Reactivity with cement alkalies: 4l
- . I
Reduction of mortar expansion @ 14 days........percen 75 min. -
=k o Ty ,//T’l :,". 7..
Does test material meet specifications? CALs L8 LhLlr (L Ol ALl

Remarks or comments:




g . - R e Saniple No P=T71
BUREAU OF MINES POZZOLANIC MATERIALS PROJECT :
: ) . Than7]1 3
Denver Pozzolan Testing Laboratory Laboratory No. L=iuo
¥
Results ‘6f physical tests on raw or calcined naturil nozzolan for use
as an admixture in portland cement concrete (ASTM Specifications C4(2-G3T)
. B x o
Test material e o
Source Bend Pink Pumice, Deschutes County, Oregon
Special instructions Grind to required fineness onlye.
Mineral composition, percent Chemical anelysis, percent
Active: Volcanic glass Type Il 99 ASTM specs.|Test mat'l
Index = 1.50 $10,+A1 C,+Fe 0, 70.0 min.
2 23 273
- M0 . s smow s s man 5.0 max.
i SO3............. 3.0 max.
Telden
Other: £e-Gspar & Lo W Pons » mus 10.0 max.
Moisture........ 3.0 max.
Sample preparation: Calcining none °F for hours ir
Grinding _3° minutes with 12 x lli=inch laboratory ball mill.
o
l Physical Test Data
i i .
Speci:ic gravity _ 2038 , ASTM specs.|Test mat'l.
Fineness:
. . . 2 R
Mean particle diameter.....veevveveeresomen.. . microns 9.0 max. 387
; o 1 s O ¢
Material retained on No. 325 sieve.............percent 12.0 max. 5.8
Pozzolanic activity index:
Compressive strength with portland 80
cement @ 28 days............. ..... ..percent of control 75 min.
Compressive strength with lime @ 7 days............psi 600 min 673
Water requirement . :cuce..uoee snnen.. .percent of control 115 max. ——
Change in drying shrinkage 5.0
af mortar bars @ 28 daysss::suosmis nrsss s nuens s s pereent 0.03 max 2
.
Soundness: Autoclave expansion or contraction....percent 0.50 max. Vsl
Reactivity with cement alkalies: 70
Reduction of mortar expansion @ 14 days........percent 75 min. )
- B // . pLe /,.‘ SF A X
= . " il - NN Y » ,
Does test material meet specifications? L, 171 &Ll Esdecal Lodle .
;
v
Remarks or comments:
gdAe 4£




Mineral Resource fAvea _ VI
4 AT AR ST NTC MATER T R Sample No P77
BUREAU OF MINES POZZOLANI TERIALS PROJECT b=
b T . S Da=7}i)y
Denver Pozzolan Testing Laboratory Laboratory No. T ik

Results &f physical tests on raw or calcined natural pozzolan for use
as an admixture in portland cement concrete (ASTM Specifications C4(C2-637)

Test material Pumicite
# oy P ‘,:
Source L LLp2AI T
Special instructions ;rind to its reouired fineness
Mineral composition, percent Chemical analysis, percent
Active: ASTM specs.|Test mat'l
i / § . \ ,
¥_/,f i 810 _+Al _0.+Fe. 0. 0.0 min.
o 2 273 2°3
- 7 ME i e & 55005 5 50 8 5.0 max.
A \}J\r,' i L
LN Bl e e 3.0 max.
™M 3

Other: ﬁ\ i Ln@hl: MvS s s 5 us 10.0 max.

“ Moistur@vews ss sa 3.0 max.

Sample preparation: Calcining _none °F for hours in

Grinding 25 minutes with 12 x lli-inch laboratory hall mil]

| Physical Test Data
i B
Specific gravity 235 , ASTM specs.|Test mat'l,
Fineness:
. . : ~
Mean particlé diameler. . vaesus sosss s mwess ¢ s oy ALCEONS 9.0 max B8
Material retained on No. 325 sieve....s..:.sss..percent 12.0 max. lel
Pozzolanic activity index:
Compressive strength with portfland 78
cement @ 28 days. ...es.ssmis0000n0spercent of control 75 min
: o s ; . 90
Compressive strength with lime @ 7 days............psi 600 min. 990
'1!'\'1!
Water “eoulremenh......................percent of control 115 max. e
Change in drying shrinkage 0.01
= > = a )oUL
of mortar bars @ 28 daysSecees s snu iz omens s s wuwn s PELCERT 0.03 max. e
18
Soundness: Autoclave expansion or contraction....percent 0.50 max. 0.C0
Reactivity with cement alkalies: ‘-
Reduction of mortar expansion @ 14 days........percent 73 -
- ] 7 4 nl._
N ) - . 2 s . " 3 g - / /'. o
Does test material meet specifications? L itelr - Al

Remarks or comments:

X 2 IO »
Wae at gida 1€ nesecgsary)



Mineral Resource Area VII

A an No. P-63
¢ BUREAU OF MINES POZZOLANIC MATERIALS PROJECT Sample bo ffﬂ
Denver Pozzolan Testing Laboratory Laboratory No. =155

-
Results of physical tests on raw or calcined natural nozzolan for usec
as an admixtire in portland cement concrete (ASTM Specifications CLG2-63T)

Test material Pumico

Source _ Paunina Pumice Klamath County, Oregon

Snecial instructions Grind material to required fineness only.

i

' Mineral composition, percent Chemical analvsis, percent
Active: Volcanic glass Type I 96 , ASTM specs.|Test mat'l.
Index = 1,51 SiOz+A1203+Fe203 70.0 min.
- 1806 v s s anma s wumn 5.0 max.
SO3............. 3.0 max.
Other: Feldspar 3 L@ T s meis o s mmme 10.0 max
Ferrcmagnesian Minerals 1 T P S— 4.0 mas

Sample preparation: Calecining _ BORe °F for hours in

Grinding _30 minutes with _12 X 1=inch laboratory ball mill,

P

l ' Physical Test Data

Specific gravity 2653 ' : . ASTM specs.|Test mat'l
Fineness:
Mean particle diameter..........cceceecensse.. .microns 9.0 max, 5s0
- . ; 0
Material retained on No. 325 sieve.............percent 12.0 max. 1049
Pozzolanic activity index:
Compressive strength with portland
: 78
cement @ 28 days.sssssusaneussss »ascpéreent of control 75 min. /G
Compressive strength with lime @ 7 days............psi 600 min.l 932
Water requirement............cc0....0..perCENE of control 115 max. 105
Change in drying shrinkage
of mortar bars @ 28 days.......vveeus oo perCENt 0.03 max. 001
Soundness: Autoclave expansion or contractiomn....percent 0.50 max. 0.02
| Reactivity with cement alkalies:
Reduction of mortar expansion @ 14 days........percent 75 min. 62
, . e r e | T S gl s, T T
Does test material meet specifications? /!(ﬂ/.. L0 LGl Chrlicg e (bl .
~7 7
2 T //
morks or comments: :

. . . \
e prther gide 1f negessary)



Mineral Rescurce Avea _ VII
Sample X P-65
: = - 5 —— ample No. F
9 BUREAU OF MINES POZZOLANIC MATERIALS PROJE R v
Denver Pozzolan Testing Laboratory Laboratory No. D=72.

Results of physical tests on raw or calcined natural nczzolan for use
- 5 . i o 3 - e | ol
as an admixture in portland cement concrete (ASTM Specificalbions CLO2~E3T)

sse marerial ~Puni-cite-and Pumice
e 3 e s Pa? ) D A 1/ i
Source Yamsey Railroad Siding, Crupuit Oregon Kn/FK*C%k/Mlﬂﬁlcﬁ,/Ld%VQNV//uﬂhyj
Special instructions Grind material to its regquired fineness,
Mineral composition, percent i Chemical nt
v T
Active: Volcanic glas 90 : | Test mat'l.
N= 1,51 = 1,53 §10,+41,0,4Fe,0, 70.0 min.
2 23 2
- Sl s mnn 00 90000 5.0 max.
S0:owems s s swmmi s 3.0 mast.
3 |
ther: Feldspar 6 0 ¢ T SRS 10.0 max.|
Ferromagnesium silicate D3 Moisture........ 3.0 max.|
LV & i
Mica 1
1
Sample preparation: Calcining XO1G °F for hours in
P 8 [

Grinding ___30 minutes with 12 x lh-inch laboratory ball mill

1 Physical Test Datsa |
i v
Specific gravity 2,60 ASTM specs.|Test mat'l.
Fineness: )
Mean particle dlamelelcvmu. vowws s srwuwe. sovwe oy o SIDLCEGTE 9.0 max. 340
. el
Material retained on No. 325 gieve..s:s:ssas:qpercent 12.0 max. Gol
Pozzolanic activity index:
CO"ULGSSIVG strength with portdand 8L
cement @ 28 days.....vsvesss0000....percent of control 75 min.
; . : ; o 45
Compressive strength with lime @ 7 days............psi 600 min. 965
Water requlrzement. i, s, as s s nees @ s aaspetcent of control 115 max. 105
Change in drying shrinkage ‘
| \ (8 )
of mortar bars @ 28 daysi ivumswismanns s vosan s« yPOLOENE 0.03 . 0.00
. ’ 02
Soundness: Autoclave expansion or contraction....percent 0.50 max. 0,02
Reactivity with cement alkalies: L
. . L
Reduction of mortar expansion @ 14 days........percent 75 min. Co
{ |
o~ : / Y AT
Does test material meet specifications? LIL g0 2l ChZiral, L7
/ 7
v

Remz. .5 or comments:

(Uor AR s51de 1iF RAafgs88a¥y)



Mineral Resocurce Area VII
C o1 % D7
¥ DBUREAU OF MINES POZZOLANIC MATERIALS PROJECT manpLe fa - ”i,
; Denver Pozzolan Testiug Laboratory Laboratory No. D=740
;
Results 8f physical tests on raw or calcined patural pozzolan for uge
as on admixture in portland cement concrete (ASTM Specifications C402-63T)
7~ s
Test material Pumice WLTCE ¥,
Source Kirk, Oregon ke Certlomreraic Fonicire , Koamaisy Ceunrlle

Special instru

material to its

required finenes

o
~

Mineral composition, percent i Chemical aneslysis, percent

Active: Volcanic glass 9 ASTM specs.|Test mat']

N= 1,505 Si0,+Al_0 +Fe 0 70.0 min

2 23 2
Dratoms Trace | Mo0...... e 5.0 max
SO s s wwwim s 3 siuiwe s 3.0 max.
&
Other: [Feldspar 5 T B, U R 10.0 max
Ferromagnesium silicastes Trace Moisture........ 3.0 max

Sample preparation:

Grinding

Calcining TONE

30

°F for hours in

mlnbf‘cs with 12 l’,'-inch laboratory ball mill

I

Physical Test Dats

j
Specific gravity 2.51
Fineness:

Mean particle diameter....

325

Mzterial retained on No.
olanic activity index:

cement @ 28 days: seme s sawn s

o s e e

SLEVER: siumes s vwwi

Compressive strength with portfland

Compressive strength with lime @ 7 days......

.microns

D I R

.percent 12.0 max

«s « s spercent of control 75 min
. N . 1108
..... .psi 600 min. 1105

Water requirementi . :wssss s wmms s e nwne s s spereent of contrel 115 max
Change drying snhrinkage
of mortar bars @ 28 daysS.....coieeeuunseeaas.. .pereent 0.03 max 0.C0
Soundness: Autoclave expansion or contraction....percent 0.50 max. L0
Reactivity with cement alkalies: 6
Reduction of mortar expansion @ 14 days........percent 75 min. 0
= /’,' /~
Doecs test material meet specifications? _ /4Ll 41 (i (”4ffﬂtf’w¢ "
Remarks or comments i
Lry 1 1 o~ A Y
(Use other side if noeessary)




Mineral Resource Area VII

Sample No. P62

! BUREAU OF MINES POZZOLANIC MATERIALS PROJECT

Denver Pozzolan Testing Laboratory Laboratory No. _D=7L1
=
Results ofyphysical tests on raw or calcined natural zolan for use
as on admixture in portland cement concrete (ASTM Sijl ications C402-63T)

. Prams
Test material SUmLeS

P Deschutes Pink Pumice (Cascade Pumice Corp.) Deschutes Count Oregon
ource 3

Special instructions Grind to required fineness onlv,
' Mineral composition, percent Chemical analvsis, perceut
Active: Volcanic glass Type I 97 ASTM specs.|Test mat'l.
Index . : "
Incex 16505 S5i0.4al 0. %Fe_ 0, 70.0 min.
2 2°3 2°3
. Diatoms [race falsimin: s wmmm a5 we 5.0 max

(@}
=
3

®

SOB............. i

Other: _-cldspar z Ll s e w1 # m 10.0 mex
Perromagnesian minerals Trace Moisture........ 3.0 max.
Butile - Trace

Sample preparation: Calcining _none °F for hours in

Grinding 30 minutes with 12 x 1lli=inch laberatorv ball mill

1 Physical Test Data

I ' .
Specific gravity 2eL1 _ ASTM specs.|Test mat'l,
Fineness:
Mean particle diameter..........ceeeeevemss... .microns 9.0 max. ko7
Material retained om No. 325 sieve.:.ssss:+wewspercent 12.0 max. 5.0
Pozzolanic activity index:
Compressive strength with portland 81
cement @ 28 days: sswus s wenes s sones « sperceit of eontrol 75 min,
. . ) . ; 890
Compressive strength with lime @ 7 days............psi 600 min 890
) ; N2
Water requirement: :;.ss:::sowwssvnnns s percent of control 115 max e
Change in drying shrinkage ;
of mortar bars @ 28 daysS....:veeveervennss.. . .perecent 0.03 max 0.0L
) ) . ata'
Soundness: Autoclave expansion or contraction....percent 0.50 max 0,00
Reactivity with cement alkalies:
Reduction of mortar expansion @ 14 days........percent 75 min. 6L
: . e 7 b
Does test material meet specifications? /CJ/ ./w.t”(é Céé/bizt/ Ll bt

Remarks or comments:

(Ues ' sthey side 4f nagarngary)



Mineral Resource Area

VII

1 . . AT AT P Sample No. P=-56
UREAU OF MI\LS POZZOLANIC MATERIALS PROJLCT
i Denvér Pozzolan Te sting Laboratory Laboratory No. D-738
Results of hhy°1CﬂL tests on raw or calcined naturdl pozzolan fo“ se
as an admixture in portland cement concrete (ASTM Specifications C M-E' )
Test material Pumicite
S ST Adrian, Oregon

Special instructions

Mineral composition, percent i Chemical analysisg, percent

: ] i
Actives: Volcanic glass | 96 ; ’ASTM Specs .

n= 1,500 $i0_4Al 0 4Fe O 70.0 min.

2 23 23

- . Mol sam amew s o pue 5.0 max
803""""""' 3.0 max

Other: Feldspar 3 B o N B R 10.0 max
Ferromagnesium silicates L1 Moisture........ 3.0 max

noné  °p for

Sample preparation: Calcining hours in

Grinding 30 minutes with 12 x lh“lﬂch laboratery ball mill

| Phvsical Test Data |
1 R 5
5 ” 2 -~ . ~
‘Specific gravity 2,30 _ ASTM specs.|Test mat'l.
Fineness:
Mean particle diameter...........ceeessenee... microns 9.0 max. 3.8
2
Material retained on No. 325 sieve.............percent 12 .0 max. 3.8

Pozzolanic activity index:
Compressive strength with portlgnd
cement @ 28 dayS.....esesecues0.....percent of control

L
E
e
e
o

(&)Y
o
)
=]
X
? ]
o)
=
[eS)

Compressive strength with lime @ 7 daysSsesss s onwnn s PEL

. b T ol
Water requirement..... vetieiesesese....percent of control 115 max s
hange in drying shrinkage 0.0
of mortar bars @ 28 days.......................percent 0.03 max S j
3 2 .02
Soundness: Autoclave expansion or contraction....percent 0.50 max Volz !
Reactivity with cement alkalies: B
Reduction of mortar expansion @ 14 days........percent 75 min. 58

SESENS Smn—

g0 . v T, e
Does test material meet specifications? 2R /) ﬂ///;@%73 Lt L s
&

Remarks or comments:

¥ gy o ¢4 3 e & o )
Use ather side 1§ nagsgseyry)



Mineral Resource Avea Vil
o
; - Sample No. &=
Y BUREAU OF MINES POZZOLANIC MATERIALS PROJECT SPAE o
Denver Pozzolan Testing Laboratory Laboreatory No. D-737

Results of ,phvsical tests on raw or calcined natural pozzolan for uce

as an admixture in portlaﬁd cement concrete (ASTM Specifications C402-£37)
Twff
Oregon
Crind material to reguired fineness,

| Mineral composition, percent i Chemical analysis, percent
: 4 ] Z v m -
Active: Volcanic glass (5} ASTM specs.!Test mat'l

n= 1,500 Si0 -x-Al 0.+Fe 0 70.0 min.

2°3 2 3

& T seads o vam oy / 7 =
. . Draztons | Trace MgO............. 5.0 max.
SO s o mawmu s 3.0 wmax
3
Other: Feldspar 3 TN ) I S 10.0 max.

=

Ferromagnesium silicates Moisture........ 3.0 max.

o
13
et

Trace

Sample preparation: Calcining _RONe °F for hours in

Grinding 25 minutes with 12 x li=inch laboratory ball mill

| Physical Test Data

i . ;
- . 2 - l
Specific gravi s , TM specs.|Test mat
Sp o - 3l ASTM | Test mat']
Fineness:
Mean particle diameber.ssessswesessaoms s snnns dMilcrons 9.0 max, L8
4
: . 7
al retained on No. 325 S1eW@.vwwnssmons . .percent 12 .0 max. Sai
Pozzolanic activity index:
Compressive strength with portland 82
cement @ 28 days....................percent of control 75 min.
5
Compressive strength with lime @ 7 days............psi 600 min. 10Lo
; ' - 105
Water requirement.........e.ev.........percent of control 115 max. o
Change in drying shrinkage
- 7 S . 0,02
of mortar bars @ 28 dayscs:::wesss snnnissnanse s pereent 0.03 max. Ve
! : 031
Soundness: Autoclave expansion or contraction....percent 0.50 max. 0.0
Reactivity with cement alkalies: |
Reduction of mortar expansion ¢ 14 days........percent 15 mig. i

- 77 g A s
Does test material meet specifications? ééﬁfy.zmxuiyﬁf Caliealy Léala,

Remarl:s or comments:

if pepasepyy)



A VII

Mineral Rescource Area g
Samnle No Pe53
) B - N Xy . ol - \ S apnen clil e - o
¥ BUREAU OF MINES POZZOLANIC MATERIALS PROJECT - D736
=i D

[
(&}

Denver Pozzolan Testing Laboratory boratory No.

Results of physical tests on raw or calcived natural nozzolan for use
J A QA
]

. . s o - ) v Q ) .
as an admixture in portland cement concretce (ASTM Specificatio

B
“

3] SGUL=CIL

muf
Test material Tuff
7). Al s 5 .
Source FICaS 27 Yo e AT T P
=

Special instructions Grind material to reguired fineness if reouired,
! P . . H . . = P

Mineral composition, percent i Chemical analysis, percent
Active: Yolcanic glass 99 ASTM specs.|Test mat']

n= 1,505 510,%41,0,+Fe, 0, 70,0 min.

Other: Feldspar 1 K ¢ T (D) TR 10.0 max.

Moilsturé. s aauew s s 3.0 max.

Sample preparation: Calcining __ B9%® °F for hours in

Grinding 30 minutes with 12 x lh=inch laboratory ball mill
Q) m———

| . Physical Test Data

Specific gravity 2042 _ ASTM specs.|Test mat'l
Fineness:
Meagn particle diameter.sw. ... v v e s e sow e o o L CTORE 9.0 max. 3.0
0
Material retained on No. 325 sieve........-s::.percent 12.0 max. 8ol

Pozzolanic activity index:
Compressive strength with portdand

o
(@

cement @ 28 daysS..:...v::s0ue0..000.percent of control 75 min.
' i 1 1 1 . - , 'l.«.ms
Compressive strength with lime @ 7 days............psi 600 min. we
i ; £ 109
Water requirement...... S n O i+ s pericent of countrol 115 max. 109
Change in drying shrinkage 0.0
= Ok
of mortar bars @ 28 days::smas v uswe s vpnan s » o DOFCERE 0.03 max. s
Oont
Soundness: Autoclave expansion or contraction....percent 0.50 max., | b
Reactivity with cement alkalies:
/ ; . ‘
Reduction of mortar expansion @ 14 days........percent 75 min. &0

al
o
7

Does test material meet specifications? Y

Remarks or comments:

(Use athe# sida if Recosspyy)



Mineral Resource lLrea Vit
Pul ]
: ) . Sample No. 0
% DUREAU OF MINES POZZOLANIC MATERIALS PROJECT »
Denver Pozzolan Testing Laboratory Laboratory No. =20

Results of phvsical tests on raw or calcined natural pozzolan for use
‘ n . . . o ~
as an admixture in portland cement concrete (ASTM Specifications C4G2-83T7)

~ ;
et o lit e
Test material Perlite
w7 . NP2 ¥ e
Source Perlyte Xine Mine, Baker County, Oregon

p % " ri nat iz + 0 & Ivrad 4 - S e $ el
Special instructions Grind material to required fineness if required.

Il e g 3
| Mineral composit 1oaL,3;rcehL Chemical analysis, pex

| Active: Volcanic glass 99 ASTM specs.|Test ma

T
=t

n= 1,500 Al 0] 4Fe 0 70.0 min.

25

- igO 5.0 max.

SO3............. 3.0 mras.

Other: Feldspar 1 L 5 T O 10.0 max.

Molsture: s sews s 3.0 max.

Sample preparation: Calcining noneé °fF for hours in

Grinding 60 minutes with 12 x 1lli=inch laboratory ball mill,
O m———

| Physical Test Data

i 2 .

Specific gravity 2437 A ASTM specs.|Test mat'l.
Fineness:

Mean particle diameter.ses.swsssissaves wnmsn s »sMLCTONS 9.0 max. 5.7

-

Material retained on No. 325 sieve...«.........percent 12.0 max. 5.5
Pozzolanic activity index: ‘

Compressive strength with portfand gl

cement @ 28 daysS.....vseveeveess.. . .percent of control 75 min, -

(o))
O
@
=3
H
o
O

Compressive strength with lime @ 7 days............psi

Water requirement.s«.wss: g« ve+veeee.....percent of control 115 max. 99
Change in drying shrinkage .
of mortar bars @ 28 days. . .oew i wnkas s waawa s oapercent 0.03 max, .00
Soundness: Autoclave expansion or contraction....percent 0.50 max. 0.0L
Reactivity with cement alkalies: o
Reduction of mortar expansion @ 14 days........percent 75 min. .

Does tust material meet specifications? 2%&91 /f@/ﬂlylﬂ//ﬂfﬂ{ézay,ﬁ;
7

Remarks or comments:

~

Y . ol
(Uee othar clde 4if segedebry)



BUREAU OF MIN

Denver Pozzolan Testing

ES POZZOLANIC MATERIALS PROJECT
Laboratory

M

Sample No.

Laboratory No.

sral Resource Arca

P=37

D-11:

: ; Vi
Results of physical tests on raw or calcined naturgl nozzolan for use
as an admixtdre in portland cement concrete ‘(ASTM Specifications C402-63T)
Test material Pumicite
Source Bend, Oregon { Stockpile at plant 7 mile north of Bend, Oregon)
Speciel iastructions _Grind t guired fineness. Test material uncalcined
Mineral composition, percent i Chemical analysis, percent
Active: Volcanic glass 99 ASTM specs.|Test mat'l
i
= . !
n= 1,50 $10,+A1,0,+Fe, 0 70.0 min.|
23 23 I
- MgO............. 5.0 max.!
SOB""""""' 3.0 max
Other: Feldspar 3 LoDl e o wvimmn o o 10.0 max
Modgtures <= i ® 3.0 max
i

Sample preparation:

Calcining nons

°F for

hours in

rinding 30 minutes with 12 x lhi~inch laboratorv bzll mill

Physical Test Data

Specific gravity _. 2,39 :

Fineness:

Mean particle ALEMELET s ¢ voewii o wmmie e wnmuins on sy SHLEEOTS

Mater
POZZOIQHLC activity index:

Compressive strength with portland

cement @ 28 days..

dry;ng shrinkage

G : ,
of mortar bars @ 28 days.sssws isssesssawnisnsn
oundness: Autoclave expansion or contraction...

Reactivity with cement alkalies:
Reduction of

sumwa s seawe s wueee s percent of

strength with lime @ 7 days.......

mortar expansion @ 14 days.......

al retained on No. 325 sieve::wsss:sussspereent

control

¢ o 0o DEL

t......................percent of control

.percent

.percent

.percent

ASTM specs.

Test mat'l.

9.0 max.| 3.8
12.0 max. 340
75 min.

600 min 026
115 max.| 105
0.03 max 0.C0
0.50 max.| 0400

I 7k
75 min.| ‘e

12 al criical JesTs.

I Pt R O Sy O 2 Bta e 2
Does test material meet specifications? ,%gc.
rd
a1 -
Remarks or comments:
.
r; 4 y ; Y
(Nsa eothigr cide 4L£ necossary)

VII




M” ral Resource Area VI

Sample No. P=35
o DUREAU OF MINES POZZOLANIC MATERIALS PROJECT BRpLE TR w2
) Denver Pozzolan Testing Laboratory Laboratory No D-718
Results of phvsical tests on raw or calcined Aatura] pozzolan for use
as an admixture in portland cement concrete '(ASTM Specifications C4 102-63T)
Test material Pumicite

9 .- o
Source Central Oregon Pumice Company. 2% miles west of Bend, Oregon

s

Special instructions Grind to required fineness. Do no caleine this material,

Mineral composition, percent ' Chemical analvsis, bercent |
Active: Volcanic glass | Q8 ASTM specs.|Test mat'l
1.50 81024A1203+Fe203 70.0 min
- MO ssanninsanses 5.0 max
SOS............. 3.0 max % i
Other: _ Feldspar L.0.Liuvevnrnnnnn 10.0 max. |
i Modlsture: vewse s 3.0 max

Sample preparation: Calcining _nona °F for hours in

Grlndlng 30 mlnutes with 12 = lg,-i:zclt laboratory H2ll mill

| Physical Test Data l
Specific gravit 2,38 ' , ASTM specs.|Test mat'l
. y et e N —_
Fineness: . \
Mean particle diameter...e.eeerseessesseesos. microns 9.0 max. 440
Material retained on No. 325 sieve.............percent 12.0 max.! 6.0
| Pozzolanic acti v1ty index:
Compressive strength with portdand 65
cement @ 28 days....................Dercent of control 75 min.
Compressive strength with lime @ 7 days....eeee....psi 600 min.| 836
| |
5 - z
Water requirement............ ... ......perCent of control 115 max.| 105
Change in drying shrinkage z
~ \ \ M
of mortar bars @ 28 dayS.....ceveessesnessss...percent 0.03 max. 0.C0
Soundness: Autoclave expansion or contraction....percent 0.50 max.| Vel
Rc;c;ivity with cement alkalies: E o
; Reduction of mortar expansion @ 14 days........percent 75 min.| e
| | 1
i )
= . o : v/ ; A S
Does test material meet specifications? Ves gl crtica/ Jesrs
#

Remarks or comments

* -~ 3 A -y 5 - L
(Usa athcy side 4f vedeesben)



fs) ¥ o e |
k| . A T oanmple o g
\ BUREAU OF MINES POZZOLANIC MATERIALS PROJECT = =
1 x - 0
Denver Pozzolan Testing Laboratory Laboratory No.D=717 C-18
Results of.physical tests on raw or calcined naturil p for use
as an admixture in portland cement concrete (ASTM Specifications C4(2-637)
Test material Tuffaceous Siltstone
Source Banks, Oregon
Special instructions Grind to recuired fineness, Celeine at 1800°%7.
21 comnosition Nt ‘ C‘n mi -'11 anzlveaic nercent
al composition, percent hemical anslysis, perceunt
Active: Volcanic glass 30=-35 ASTM specs I”cst mat'l.

Clay (montmorillonite) 50-55 5102+A1703+Fe 0 70.0 min.
Diztoms & Zeolite 1 Il sigess vumaiss 5.0 max.

ns l°5O - 10152 SOS L

3
Other: Feldspar & Guarts 10 LoOuTwiv i wnmh v 10.0 max.

2lcite (fossil) 1 Moisture........ 3.0 max.

Ferromagnesian minerals,

Chlorite and Limonite 2=l

I~

’ =2 "« 9 ~
Sample preparation: Calcinin 1800 °F for 2% hours in Muffle furnace
P 2 [ N 011S ]

Grinding L5  minutes with 12 x ll-inch laboratory ball mil]l

| Physical Test Data

: ¥
Specific gravity 2457 ASTM specs.|Test mat'l,
Fineness:

Mean particle diamebtels o ess wume s s wimein ouee s HLELOS 9.0 max 3ol
. ’ ~ o = s
Msterigl retained on No. 325 S16VE. s euvs s wwsy.percent 12.0 max 9.2
Pozzolanic activity index:
Compressive strength with port*land
1 - -
cement @ 28 days........c.vv.0v......percent of control 75 min. 83
- | P
Cempressive strength with lime @ 7 days............psi 600 min.| 965
Water FequiremMenty «. . mues s cmwnsssnuss s pereent of control 115 max ‘ 105
hange in drying shrinkage '
of mortar bars @ 28 days.....vevvveuneresse.. .. percent 0.063 max.‘ 000
Soundness: Autoclave expansion or contraction....percent 0.50 mnx.! 0.0k
Reactivity with cement alkalies: '
Reduction of mortar expansion @ 14 days........percent 75 7L
I
! |
S r : /s s i m if se H T T
Does test material meet specifications? Tzwmu‘ GFL ML L o bl

/

Remarks or comments:




Mineral Resource Avea 1]

g = P-3L

¥ BUREAU OF MINES POZZOLANIC MATERIALS PROJECT VLG mo 2T
Denver Pozzolan Testing Laboratory Leboratory Ho. D=717 C-16

P

Results 8f physical tect on raw or calcined natural pozzolan for use
ST S

as an admixture in poLtlﬂnd cement concrete (ASTM Specificationsg CL(G2-E3T)

Test material ous Siltstone

£
Source Banks, Oregon

: /&L
Special instructions _Grind to required fineness. Test material caleincd ot 1800° p

Mineral composition, percent i Chemical apslysig, percent
Active:Volcanic glass 430f§5 ASTM specs.|Test mat'l
Clay {montmorillonite) 50-55 $i0,+A1_C_+Fe 0 70.0 min.

2 2 3 273
Diatoms & Zeolite . Melus o - o eE E e 5.0 max
n=1,50 - 1,52 803............. 3.0 max.
Other: Feldspar & Ouarisz 10 LiiOwl s ssistoe s s mus 10.0 max.
Calcite (fossil) 1 Moisture........ 3.0 max.
Ferromagnesian materials, 2=l
Chlorite & Limonite

7
~ . . . ~ B = . o~ ~,
Sample preparation: Calcining _1600  °F for 3% hours in _muffle furnace

& L (R A—

Grinding _30 minutes with 12 X ly~inch laboratory ball mill

| Phvsical Test Data

Specific gravity _ 237 , ASTM specs.|Test mat'l.

Fineness:
Mean particle diamefercs s ssssessswmns s samman « + vaMiETOns 9.0 max. 3:5

Material retained on No. 325 sileVe.............percent 12.0 max.

Pozzolanic activity index:
Compressive strength with portdand

- s : ey
cement @ 28 daysS...seeneseewees.o...percent of control 75 min. |
. R 97
Compressive strength with lime @ 7 days............psi 600 min 714
- I I 1AR
Water requirement.......vsesese-0.2+...pexcent of control 115 mex.| 108
Change in drying shrinkage |
of mortar bars @ 28 days: : cews «ssnms s i s aaxaes 5o spareent 0.03 max.| 0.01
Soundness: Autoclave expansion or contraction....percent 0.50 mox.| 0.00
Reactivity with cement alkalies:
y
Reduction of mortar expansion @ 14 days........percent L5 3
D . ' . s 9 p -/} - Y ) ot / /
Does test material meet specifications? Lofd Ads L] PN A
/ 4
v

Remarks or comments:

(Use sthev side {f pacagppry)



M’ -ral Resource Aveca _VII
Se > No. pP=17
R REAU OF MINES POZZOLANIC MATERIALS PROJECT guple Ho —
Denver Pozzolan Testing Laboratory Laboratory No. Df7lp

Results of physical tests on raw or calcined hatural pozzolan for use
as an admixtdre in portland cement concrete (ASTM Specifications C402-63T)

Volecanis Ash (Pumicite)

Test material

Source Craystone Liwision, Kaissr, Oresgon

Special instructions _Do not calcinee Grind to required fineness,

Mineral composition, ve*ceqt Chemical analysis, ﬁercen:
Active: Volcanic glass 80 ASTM specs.|Test mat'l.
m=Le510 510,#A1,0,%Fe,0, 70.0 min.
= O R A e 5.0 max
. 503............. 3.::0 m&x.i
Other:feldspar & Quartz 18 T Ty S 10.0 max.
Biotite-Ferromagnesian silicatg 1 Moisture. -« ««u«s. 3.0 max
Limonite 1

Sample preparation: Calcining _none  °F for hours in
Grinding __ 30 minutes with 12 x lheinch laboratory ball mill

Physical Test Data
Specific gravity _2.51 : ASTM soecs.'Test mat'l.
Fineness: | '
Mean particle diameter..a:cossessunsssssinnes s microns 9.0 max 3e7
Material retained on No. 325 sieve.........s.:s.percent 12.0 max ! 6.8
Pozzolanic activity index:
Compressive strength with porfland 78
cement @ 28 days...sescvsesesssssss.percent of control 5 min.
Compressive strength with lime @ 7 days............psi 600 min. | 915
| Water r cu1rement......................percent of control 115 max.! 107
Change in drying shrinkage
of mortar bars @ 28 dayS....eeeveeeeransaa.... .percent 0.03 max 0.01
, x
| Soundness: Autoclave e"oansion or contraction....percent 0:.50 max.| 0.00
| Reactivity with cement alkalies: ’
{ - , ol * . 23
| Reduction of mortar expansxon @ 14 days........percent 75 min. )t
|

; e S ' / ; =
Does test material meet specifications? Yes, 4o ol crticnl Jesrs.
Remarks or comments:
(Wue siher side 4f necsccary)




3 o0 3

M* -~ral Resource Area

Sample No. P=1b

BUREAU OF MINES POZZOLANIC MATERIALS PROJECT
Denver Pozzolan Testing Laboratory Laboratory No. bk

. . /"
Results of physical tests on raw or calcined natural pozzolan for use
as an admixture in portland cement concrete ‘(ASTM Specifications C402-63T)

Test material _Vole Ash (F umxcitc)

~~ 2 - £ e = I mm o o ot
Source Graystons Division, Kaiser., Oregon

Sp 2l iastruction Ts not calcine, Grind to raguired fineness only,
Mineral composition, percent Chemical analysis, percent
Active:Volcanic glass 98 ASTM specs.!Test mat'l.

na;,bce Si0 +Al 0. +Fe O 70.0 min
: 27323 T

= MgO............. 5.0 max.

: SOB""""""' .0 max.

Other: Feldspar & quzris 2 7+ 1% O 10.0 max
folstures: s ees s 3.0 max.

Sample preparation: Calcining _none °F for hours in
- £ I | . 2 M P Tamryesooh o 3 =
Grlnding d5 minutes with 12 = lh-lnca Jaboratorvy ball mill
Physical Test Data :
5 ’ : ' |
2452 . , ASTM specs.|Test mat'l
L i
ALEMEERE y o10nvin & s1ainies 8 5o wmbns % s SMLELOTES 9.0 max.| R,
[ = A
i ’ Y . 2 | -—I"
Material retained on No. 325 sieve..vews:vssss.percent 12.0 max.| Os7
Pozzolanic activity index: '
Compressive strength with portland ’
- . el
ement @ 28 daysi i wases i wneas susnss wpercent of control 75 min, 75
: 2 ; -
Compressive strength with lime @ 7 days....ccvv....psl | 600 min | ik !
|
Water - :CUirement.........ceeees.......percent of control 115 max. 0
Charze in drying shrinkage
| of mortar bars @ 28 days.scesssassssvansnssosanpercent | 0.03 max. U
i H
{ Souw n=3s: Autoclave expansion or contraction....percent ! __0.50 | G
{ Ree vsity with cement alkalies: i i
; ! = g | £ o
; Jeduction of mortar expansion @ 14 days........pefcent S fiE, ! O |
1
{ {
- ¢ ~ 0 . | ) L B >"
Does tecst material meet spec;z:catlons? //‘?44g7 zZé/ F/VZ}&fﬁ/ 1257 5,

Remarks or comments: f? /77 .Dcvv? ﬁVC?E& 4%«@47§h




Mineral Resource Area

o BUREAU OF MINES POZZOLANIC MATERTALS PROJECT
Denver Pozzolan Testing Laboratory

Sample No.
Laboratory No.

of physical tests

on raw or calcined ratural pozzolan for use

1ts
as an ‘drlxture in portland

cement concrete .(ASTM Spécifications Ch02-63T)

Ash

Source (o7 i CocraV,. (Drooere -
o o . . . N / - ” N ‘ =3 o 3 e —4 > //A !
Special instructions (Tt O T s e O e ZE it

T Py §
( /

Mineral composition, percent

Chemical analysis, perc

~A+

el

Active: o u; s O 3 743
Dk 510+ AL,0+ Fe,0
23 273
MgO...............
. ' Ok A D s O AT

, 3

Other (Dt r 7o crra O Ty O Tis oo w50 w: 5 o i 61
i S e e MOiStUrCeeeseeense

ASTM

specs.

Test mat'l.

1O,

O min.

-

De

0 max.

3

.0 max.

10

0O max.

3

.0 max.

Sample preparation: Calcining - °F for hours in

Grinding 3O minutes with /é-8e, /detirc /o [0 Lo roTc

=

Physical Test Data

Specific gravity 2.35 .
Fineness:

Mean particle diometeTssss eassiws sssesns sessnn o «HLCTONS

Material retained on No. 325 sieve.sceeese.sse.percent
Pozzolanic activity index:

Compressive strength with portland

cement @ 28 dAaySeeeverncenceodea....percent of control

Compressive strength with lime @ T daySceeesesecsasPsl

Water requiremenl..cves vosevwesesses sespercent of control
Change in drying shrinkage
of mortar bars @ 28 AayS...cesces snsasscssenssPereent

Soundness: Autoclave expansion
Reactivity with cement alkalies:
Reduction of mortar expansion @ 14 days........percent

or contractien....percent

ASTM specs.|Test mat'l.

9.0 max.| S-&
12.0 max. 6.0

TS miri. FE

600 min.| L5

115 max. L0
0.03 max. ol

+50 max. -

o P
75 min 6

al meet specifications?

comments:

(Use other side if necessary)



. Mineral Rescource Area _VII
v ‘ PP P9
. DR, . . B o Sample No. P-z22
¢ BUREAU OF MINES POZZOLANIC MATERIALS PROJECT =
w5 ey
; Denver Pozzolan Testing Laboratory Laboratory No. D-752
§ .
Results of physical tests on raw Ov calcined na Lurn] pozzolan for use
as an admixture_ in mo*Lln“d cement concrete €ASTM Specifications CL02-E3T)
Test material Tufs
Source Ritter Creek Tufdl Baker County, Oregon
Special instruction 1rind material te required fineness only.
% Mineral composition, percent Chemical analvsis, percent
1l 1 - I
Active: Volcanic glass 99 ASTM specs.|Test mat'l.
Slightly devitrified 81024A1 0 +F e, 3 70.0 min.
of 50l
(W= 1,501 gO............. 5.0 max
S s el st ariee e Al e 3.0 max.
| ! 4
Other: Feldspar and quartz trace L0l wwmmn s voe 10.0 max
Moisture......«. 3.0 max
Semple preparation: Calcining none °F for hours in
Grinding 30 _ 30 minutes with 12 x lli=inch laboratery ball mill
| Physical Test Data ‘
| | |
Specific gravity 2036 ' _ ASTM specs.|{Test mat'l.
Fineness: i -
Mean particle diaMeLer e s o v eeenneeneaseensssoss microns | 9.0 max. L5
Material retained on No. 325 sieve.............percent 12.0 max.‘ 7.8
Pozzolanic activity index: '
Compressive strength with poriland )
cement @ 28 daYS.svvereeereannnss...percent of control 75 miin. C
Compressive strength with lime @ 7 dafSenen-iswmss«psl 600 min‘\ s
i = |
Water requirement.........seecees00... percent of control 115 max - |
Change in drying shrinkage W
p A AR
of mortar bars @ 28 dayS..veecesrnaesseansen...percent 0.03 max.| 0,07
Soundness: Autoclave expansion or contractionm....percent 0.50 max. 0,03
Reactivity with cement alkalies: |
Reduction of mortar expansion @ 14 days........percent 75 min 65
|
o . 7 s el '
Does test material meet specitlcatlons? ZZ#/ - w;ﬁﬂ@&d/{ub/z7vfwﬂw“v,'ﬂ4 /% AL,

/ 7 7

Remarks or comments:

(Uas eFhow «ida 1€ ﬁqnqug;rv)




Mineral Resource Azea S

'V"'T

4 " . — _— Sample No. 2108
BUREAU OF MINES POZZOLANIC MATERIALS PROJECT ¢ o
) = ) . o R .
Denver Pozzolan Testing Laboratory Laboratory No. D=T7L8
#
Results ©f,physical tests on raw or calcined natural
as an admixture in portland cement concrete (lulM Specifi
Test material Lltered Tuff (Clinovtilolite)
Source DuCC Creek T,"-_:ﬁ Grant C ;uf.’t:y;. Orecon 7
7
Special instructions _Crind to required fineness only. 1%
Mineral composition, percent Chemical analysis, percent
Actlve. i i ASTM gpecs.|Test mat'l.
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Sample preparation:  Calcining none °fF for hours in

Grinding 30 _2Y minutes with 12 x l-inch laborator ball mill,

L Physical Test Dats
i - 2 .
Specific gravity _2¢12 _ ASTM specs.!Test mat'l,
Fineness:
Mean particle diameter...oeee s cunnos ons v o o pw o «LCTONS 9.0 max 2.9
8.7
Material retained on No. 325 sieve,::..........percent 12.0 max

Pozzolanic activity index:
Compressive strength with portfland

cement @ 28 days..ssssusssonnssensispercent of control 75 min
, T
) . ) ’ c77
Compressive strength with lime @ 7 days............psi 600 min '
. . : . 110
Water requirement. S SRS RS sevevwe.percent of control 115 max
Change in drying shrinkage 0.0
- Pol N “‘3
of mortar bars @ 28 days.....vevevenueranse. . .percent 0.03 max
S Iness: Autoclave expansion or contraction....percent 0.50 max 0.02
Reactivity with cement alkalies: 74
Reduction of mortar expansion € 14 days........percent 75 min

Does test material meet specifications? //
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POZZOLAN

.

A good rule of thumb method tb:be used in computing the pozzolan requirements,
if the barrelage of cement is already known, is that in mass concrete on USCE
projects it requires o08 ton per bbl. of cement and in structural work 058 ton
per bble of cement. Pozzolan is used in all structural work such as power houses,

etce Arch type dams are, of course, considered as structural, smehzaszibez



Pozzolan'Bibliograqu /-

-

"Geology and Technology of some natural Pozzolans in North Central California"
by John N. Faick, Economic Geology Vol. 2& 58 , 1963 pp 702-719.

Pozzolan specs available from US Corps of Engineers, Pittock Block
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RARE METALS CORPORATION OF AMERICA
MEMORANDUM |
To: J. R. Reynolds Date: December 20, 1960

From: R. Kronstadt Place: Salt Lake Ctiy, Utah

Chemical Analysis of Weiser Tailings

5i0p + Rp03 96.40%
L.0.I. 1.43
803 0.11
MgO {0.10
Moisture 0.35
Exchangeable alkalis 0.39

/s/ R. Kronstadt
R. Kronstadt

RK :cbl



RARE METALS CORPORATION OF AMERICA

TEXAS STREET AT STANION . POST OFFICE BOX 1/492 ] EL PASO,; TEXAS

éth Floor El Paso Natural Gas Bldg.
315 East Second South
Salt Lake Cty 11, Utah

April 18, 1961

RESULTS OF TEST WORK PERFORMED BY
Ue. S. BUREAU OF RECLAMATION
TO DETERMINE THE POZZOIANIC QUALITIES OF THE CALCINED TAILINGS FROM
RARE METALS CORPORATION'S WEISER, IDAHO, MERCURY OPERATION

PETROGRAPHIC ANALYSIS

Description of Material:_ _Calcined opal

PHYSICAL PROPERTIES

Fineness -

Air Permeability 7 126 em?/gram—-16,189 cm2/cc

Percent Retained on No. 325 Sieve 2.3
Specific Gravity: 2418
Water Requirement: 99 Percent of Control
Change of Drying Shrinkage of Mortar Bars: _0.014 Percentile
Reduction of Reactive Expansion at 14 Days: 74 Percent

Compressive Strength of 2-inch Cubes PSI Percent of Control
With Pozzolan
Replacement: Sealed cured, 28 days 5,187 89
Compressive strength of 2- by L-inch Cylinders of Pozzolan-Lime Mortar, psi 921
. at 7 days
CHEMICAL ANALYSIS

Silicon dioxide (SiO2) ) Percent
Aluminum oxide (A1,03)_) 97.00 Percent
Ferric oxide (Fe203) _) Percent
Magnesium oxide (MgO) 0.64, Percent
Sulfur trioxide (S03) 0.05 Percent
Loss of ignition 0.72 Percent
Moisture content 0.04L Percent

Exchangeable alkalies as Na20 0,05 Percent




RARE METALS CORPORATION OF AMERICA

TEXAS STREETI .AT STANTON e POST OFFICE BOX 1/492 . EL 'PASO, TEXAS

6th Floor El Paso Natural Gas Bidg.
315 East Second South
Salt Lake Cty 11, Utah

March 21, 1961

RESULTS OF TEST WORK PERFORMED BY
COLORADO SCHOOL OF MINES RESEARCH FOUNDATION
TO DETERMINE THE POZZOLANIC QUALITIES OF THE CALCINED TAILINGS FROM
RARE METALS CORPORATION'S WEISER, IDAHO, MERCURY OPERATION

The material used in all tests was ground to a specific surface of 7860
square centimeters per gram. The material was ground to conform with U. S.
Bureau of Reclamation specifications as to particle size.

LIME-POZZOLAN TEST

This test was made according to the standard procedure of the U. S. Bureau
of Reclamation.

Diameter
(Average) Area Compressive Strength
Specimen (Inches) (Average) Lbs/sq. in.
J 2.118 3.52 933
2 2114 3.51 963

COMPRESSIVE STRENGTH WITH PORTLAND CEMENT
LY

The concrete test specimens were prepared in accordance with ASTM Schedules

C33-46, C136-4b, and C143-49.

Percent of Control

7-Day 28-Day
Specimen Compressioni Compression*

Standard Concrete

(5-Sack Mix) 100 100
10% Pozzolan 103 102
20% Pozzolan 102 101
30% Pozzolan 114 114
LO% Pozzolan 82 92

*Average of four specimens



Mr, H, S. Wagner
State Assay lLaboratory
2033 First Street
Baker, Oregon
Dear Wag:

Dave King, U.8.B.M., Spcitane, was in the office and outlined
a program for of 1 materdals. It sewmss that the
Pureau is armdous to obtain quite a few samples in counection with a cooporse
tive with the Pureau of Reclmmation, They have asked us if we could
obtain samples from the following areass

1. One sample each fras the two pumice producers in the Bend avea,
with one additional sample of some of the woleanie ash or pumieite
if there should be a sultably large deposit in the vicinity.

2+ A sample representative of the large reserves in the Chemmlt srea,

3. A sample of diatomite from either Terrebonne, Telocaset, er Harper

Le A typlcal sample of clinoptilolite.

5. A sample of Harper ash.

Eing will supply you with large sample bage and mailing tags in the
very near fMiure,

Hollis and I feel that this is a wortinhile project and can probably

b-mlhbdﬂthm the U,P, boys around, There is no real
deadline except that they would to have some of the samples within the

next 30 days and the last not later than six months fram now.
King has already visited the Nadser plant at Shutler and was plamning
on visiting the Empdre Building Materials Company west of town after he left
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Here are ame forms whith should be filled out and sent to King when
you submit the samples. Don't worry too much about the plant data sheet
has indicated that if it is not convenient to get this data

he will drop arcund and piek it up at his leisure. The report should be
sent to: David P, Geologlst, Spokane Office of Mineral Resowrces,
Area VII, 1430 N, Wae n Street, Spokane,

Regards,

Palph



STATE DEPARTMENT OF GEOLOGY |
AND MINERAL INDUSTRIES

. '‘BAKER FIELD OFFICE
2033 FIRST STREET
BAKER, OREGON 97814

June 14, 1966

Mr, Hollis Dole
1069 State Office Bldge
Portland 1, Oregon

Dear Hollis:

A day or two ago I listened for an hour or more while Dave King, USBM
reviewed the pozzonlan findings to be released soon, The Huntington cinders
are good and are even now being ground by the Oregon Portland Cement Company
for use in the Lower Monumental dam, What is interesting here to me is that
they tried to lease from the county but ended up moving down the road a mile
or so and opening a pit of their own because the county played hard to get.

Dooley perlite is good in two ways — as it comes from the pit, and after it
has been popped. In the latter case it has "outstanding" to counteract alka-
line reactive aggregate.

The clinoptilotite is also excellent in some way but I forget now how,

The gist of Dave's call is that he wants for me to re-sample the Harper ash
and get some data for the Dooley perlite sometime this summer but I thought
you would be interested in knowing about some of the test results and especi-
ally about the Oregon Portland Cement situation.

Sincerely, ,.

4 ;I,'/ —
Ne Se Wagner/ ;
/
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