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Dear Sir: 

RE: An Assessment of Granular Materials 
S O U K C ~ S  at Miles 12 and 17 South 
Pine Poin t  Highway, Hay River, N.W.T.  
D.S.S. File-No. 02SU.,C7111-7-0691 
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We herewith submit fifty copies of our  final report on the 
above granular d e p o s i t s  based on the Terms of Reference s e t  
out in t h e  original contract, dated March 31, 1978. 

The final draft report was reviewed by Mr. D. Seekings of 
your branch during a meeting at our office on May 15, 1978. 
This report incorporates the modifications agreed upon at 
t h a t  time. 

It  should be noted  that  this report is similar to the work 
carried out in our previous investigation of Mile 12, 21, 
and 31. The report on this previous work was submittPd on 
December 3 0 ,  1977. However, the deposits investigated here- 
in involve the cocstsuction o f  all-weather roads from the 
Fine Point Highway, whereas the pre-~ious deposits do not. 
Therefore, the potential expenditure of capi ta l  funds far 
road cons t ruc t ian  necessitated a more r igorous  evaluation 
of the suitability of material Eor various usss. This was 
achieved through evaluating the quality of t h e  materials 
based on the Ontario Micistry of Transportation and Comcn- 
i ca t ions  specifications, versus the Canadian Standard 
Association criteria.  e q l o y e d  in the previotls repost. 
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This required a d d i t i o n a l  tests on a larger number of samples, 
t h e  r e s u l t s  of which are s e t  out here in .  

We trust t h a t  the findings presented  he re in  w i l l  be of f u r -  
ther a s s i s t a n c e  in achiev ing  the optimal use of these 
resources .  

1 yours e y truly, 

I &P- p 4  
I J. Glenn Bird ,  P .  Eng. George woaa 

Geologist Petrographer 
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Nine  potential granular  deposits located two to f o u r  miles 
south of N.W.T. Highway No. 5 between miles 11 and 17, 
from  the junction of Highway No. 2 and Highway No. 5 ,  
were investigated.  This  investigation  involved the 
excavation of 67 test pits using a track-mounted 3/4 
c u b i c  yard backhoe. A11 field investigation was conducted 
d u r i n g  the winter  months to avoid the severe access 
difficulties  imposed by t h e  surrounding muskeg  conditions. 
However, the existence of heavy frost in a surficial 
strata of bouldery granular material  prevented 
excavation of some  test pits, particularly  in  the Mile 
17 south  deposits. This hindered a c c u r a t e  determination 
of aggregate quality and quantity in some areas. 

Preliminary laboratory analyses was  conducted on all of 
the granular samples in our Hay River field laboratory. 
These analyses  ixivolved dry sieve analysis and visual 
examination, for  the selection of representative or 
unique  samples which were sent ta Toronto  for f u r t h e r  
analyses. Petrographic and w e t  sieve analyses were 
conducted on a1.1 of the samples that were subsequently 
s e n t  to Toronto. In addition,  organic  impurity  deter- 
minat ion  was conducted on those samples t h a t  exhibited 
potential f o r  use in cement mortar  or concrete. 

I t  should  be noted that Canadian Standards Association 
(C.S.A.) specifications and test procedures were used  in 
our previous study and the more r i g i d  American Society 
f o r  Testing and Materials (A.S.T.M.) specifications as 
modified by the Ontario  Ministry of Transportation  and 
Communications (M.T.C.) have been used dur ing  this  study. 
The C . S . A .  standards,  which permit a more general  classi- 
fication of material, were used in the first s tudy  due 
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to  its  broader terns of reference and the  proximity of 
the deposits to  existing road access.  However, due to 
the necessity of a large capital  investment  to  construct 
an all-weather haul road to the  Mile 12 and 17 south 
deposits,  it was found necessary to  conduct a more de- 
tailed  assessment of the  potential of the  granular 
material f o r  specific uses such as concrete  aggregate, 
granular A, B and C and general f il1 material? In 
other words, this  information was required  to determine 
if the large capital investment of road construction is 
economically feasible. It should also be noted that 
direct comparison  between  the C . S . A .  and A.S.T.M. spec- 
ifications of the test  results  is  not always possible. 
For example, the  acceptable upper petrographic number 
f o r  concrete  under the C.S.A. is 300 and under M.T.C. 

it is 140. 

Of the  nine deposits investigated,eight  exhibit  economic 
potential f o r  the  extraction of concrete  aggregate, gran- 
ular A,  B or C'or general  fill  material.  With  the 
exception of granular C and general  fill rnateria1,very 
little of the material meets the required specifications. 
In order to meet these  specifications  the  majority of 
material designated as possessing  potential f o r  concrete 
aggregate, granular A o r  granular B would require 
screening and/or washing.  Further  testing of any 
aggregate  material is recommended prior to the use of 
this  when considering the  material  for a par t i cu la r  use 
or application. 

The existence of boulders and bouldery  strata in many 
localities w i l l  necessitate varying amounts of secondary 
crushing and screening.  In some areas a significant 

* 
See Glossary of Technical  Terms. 
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number of l a rge r   bou lde r s  w i l l  necessitate primary crushing 
up t o  30" feed o r  pr imary  screening  using a rack or bar  
sc reen .  

The extreme  complexity and h i g h   v a r i a b i l i t y  of t h e  material 
i n  some of t he  d e p o s i t s  prevented t h e  recommendation of spe- 
c i f i c   e x t r a c t i o n  and p i t  management practices. However, it 
is important t h a t  care be t aken   du r ing   ex t r ac t ion  so t h a t  
high quality material is n o t  used for uses requir ing  lower 
s p e c i f i c a t i o n s .  

All granu la r  deposits are covered  with an overstory of pre- 
dominantly 10-12" jack pine, w i t h  8-10" dbh black spruce and 
occas iona l  zones of white  birch and poplar. 

The g ranu la r  deposits are underlain by a g e n t l y  undula t ing  
a b l a t i o n  till which supports a perched water table condi- 
t i o n .  Th i s  may cause d i f f i c u l t i e s  as the water table will 
be encountered   dur ing   ex t rac t ion  and access can be diffi- 
cult when sof tened  underlying till is churned and remolded 
by heavy equipment. 

The recommendations  regarding  changes i n  l i c e n c i n g  prac- 
tices a n d   g e n e r a l   p i t  management procedures c o n t a i n e d   i n  
our previous report also apply t o  these deposits. 

The excavat ion of t es t  p i t s   i n d i c a t e d  a l a r g e  seasonal f l u c -  
t u a t i o n   i n  t h e  groundwater table elevation i n  the deposits. 
T h i s  is s i g n i f i c a n t l y   h i g h e r  i n  t h e  summer t h a n   i n  t h e  win ter .  
Thus, there is a s i g n i f i c a n t   i n c r e a s e   i n  t h e  amount of granu- 
l a r  material available from summer t o  win te r   ex t r ac t ion .  
Therefore ,  t h e  estimated r e s e r v e s  of material a v a i l a b l e  f o r  
t he  s p e c i f i c  uses of c o n c r e t e  aggrega te ,  Granular A ,  B and C 

and general f i l l  material were c a l c u l a t e d  for  both summer 
and w i n t e r   e x t r a c t i o n .  

.. . . .. . .. 
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A 3  noted in our  previous r e p o r t ,  the  p o t e n t i a l   r e a c t i v i t y  
of any aggregate intended for use i n  cement  mortar or 
conc re t e  should be tested pr ior  t o  thisuse of the  aggre- 
gate. All natural rocks and grave l s  react t o  some ex- 
tent w i t h  the h i g h l y   c a u s t i c   s o l u t i o n   e x i s t i n g   i n   c o n c r e t e  
but i n   c e r t a i n  cores t h e s e  r e a c t i o n s  proceed far enough 
t o  produce excessive expansion and cracking  of t h e  con- 
crete. Two types  of a lka l i - aggrega te   r eac t ion   occu r :  
Alkali-silica react ion  occurs   between the  a l k a l i e s   i n  
Portland  cement and c e r t a i n   r e a c t i v e  silica c o n s t i t u e n t s  
i n  aggregate. T h i s  type  of p o t e n t i a l   r e a c t i v i t y  may 
be i d e n t i f i e d  from petrographic a n a l y s i s  alone. Analysis 
of t h e  samples  did not reveal any potentially r e a c t i v e  
rocks. Alka l i -carbonate   reac t ion   occurs  between t h e  
Portland  cement alkali and certain f ine-grained dolami- 
tic limestones. 

Alkali-carbonate reac t ions   have  been diagnosed in con- 
nec t ion  with dolomit ic   l imestone from the s e v e r a l  quar- 
ries along the southern border of t h e  Canadian Shield. 
It i s  n o t  possible to determine t h e  p o t e n t i a l   r e a c t i v i t y  
of an aggrega te  by petrographic a n a l y s i s   a l o n e ;  thus it 
is recommended t h a t  f u r t h e r  detailed testing, such as 

the  Canadian Standards Assoc iat ion tes t  A3.4(A23.2.23) , 
be conducted. 

1.1 Mile 1 2  South 

The estimated reserves of g ranu la r  material f o r  the 
s p e c i f i c  USeS Of Concrete a g g r e t a t e ,  Granular A ,  B and 
c and general fill material w i t h i n  each individual de- 
posit (as des igna ted  on Dwg. No. HRS-2) appear i n  Table 
No- 4 .  The total estimated reserves of aggrega te ,  for 
th@ specific Uses, contained i n  t h e  Mile 12 south de- 
p o s i t s  appear i n  Table No. 6 .  



bird and hale 

1. SUMMARY 5. 

1.2 Mile 1 7  South 

The es t imated  t o t a l  reserves of granu la r  material for 
the specific uses  of concrete aggregate, Granular A ,  B 
and C and general fill material w i t h i n  each i n d i v i d u a l  
d e p o s i t  (as designated on Dwg. No. HRS-3) appear i n  
Table No. 5. The total estimated reserves of aggrega te ,  
f o r  t h e  s p e c i f i c  uses, contained i n  t h e  Mile 17 south 
deposits appear in Table No. 7. 

1.3 Selection of All-weather Haul Road Alignment 

Based on 1 9 7 8  road construction estimates as well as a 

comparison of 1978  haul  costs in relation to the differ-  
ence i n  d i s t a n c e  from Hay River t o  t h e  Mile 1 2  south 
and Mile 1 7  south  deposits, via  Route 1 and Route 2 ,  

r e s p e c t i v e l y ,  the f i n a l  route selection should be based 
on the following considerations: 

(1) The estimate c o s t s  of c o n s t r u c t i n g  an all-weather 
haul  road, t o  t h e  s p e c i f i c a t i o n s  described in 
Sect ion  3.11 of t h i s  report, t o  the Mile 1 2  south 
and Mile 1 7  south deposits via Routes 1 and 2 

(see Dwg. NO. HRS-1) are $ 2 2 6 , 0 0 0  and $94,OOO,re- 
spectively. 

( 2 )  If more than  1 3 4 , 0 0 0  m3 (175 ,000  cubic  yards) of 
aggregate is to be hauled t o  Hay River dur ing  
some arbitrary time period, it would be  more 
economical ta construct a road along Route 1 to 
the Mile 12 south  deposits. 
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( 3 )  If less than 134,000 m3 (175,000 cubic yards) of 
aggregate is to be hauled to Hay River, over the 
same a r b i t r a r y  time period, it would be more 
economical to construct an all-weather haul  road 
along Route 2 to the Mile 17 south deposits. This  

would also apply if the majority of the material 
is dest ined to a market situated east of these 
reserves. 
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Deposit # 

HR108A 

HR108B 

H R l l O A  

SUMMARY OF VOLUMES BY DEPOSIT AND POTENTIAL USE 

M I L E  12 SOUTH 

Potent ia l  
Aggregate Use 

Winter Volume 
~3 ya3 

A & concrete N/A 
B 

C 

N/A 

N/A 
Gen. F i l l  N/A 

TOTAL (210%) N/A 

A & concrete N/A 
B 

70,000/ 90,000 C 

N/A 

Gen. Fill N/A 

TOTAL (210%) 70,000/ 90, ooo 

A & concrete 70,000/ 90,000 

B 

150,000/195,000 c 
95,000/125,000 

Gen. F i l l  N/A 

TOTAL (&IO%) 315,000/410,000 

a & concrete 100,000/130,000 

B 

~ ~ ~ , O O O / ~ ~ ~ , O O O  c 
N/A 

Gen, Fill 8,000/10,000 

TOTAL (f 10%) 213,000/275,000 

Sunrmer Volume 
M3 / yd 3 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

40,000/55,000 

N/A 

40,000/55,000 

45,000/60,000 

70,000/85 ,000 

80,000/105,000 

N/A 

195,000/250,000 

70,000/  90,000 

N/A 

65, ooo/ 85,000 

6,000/ 8,000 

141,000/183,000 

6. 

A 
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SUMMARY OF VOLUMES BY DEPOSIT AND POTENTIAL USE 

M I L E  12 SOUTH (cant'd) 

Deposit # 

HRl11A 

HR112A 

Potential  
Aggregate Use 

A & concrete 

B 

C 

Gen. Fill 

TOTAL (k 10%) 

A & concrete 

B 

C 

Gen. Fill 

TOTAL (k 10%) 

Winter Volume 
M3 / yd3 

N/A 

120,000/160,000 

40, OOO/SO ,000 

25,000/35,000 

185,000~245,ooo 

55,000/70,000 

N/A 

N/A 
85. ,  000/105,000 
" 

1?0,000/175,000 

Summer Volume 
M3 / yd3 

N/A 

85,000/110,000 

2 5 r 0 0 0 / 3 5 , 0 0 0  

15,000/20,000 

12!5,OOO/l65,000 

35,000/45,000 

N/A 

N/A 

55,000/70,000 

90,000/115,000 

7. 
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Deposit # 

HR 123A 

BR1 24A 

HR12 SA 

Table No. 5 

SUMMARY OF VOLUMES BY DEPOSIT AND POTENTIAL USE 

MILE 17 SOUTH 

Potential  Winter Volume 
Aggregate Use M3 / yd3 

A & concrete 45 ,000/60 , O00 

B 105, 000/~140,000 

C N/A 

Gen. F i l l  100,000/130 , O00 

TOTAL ( 2  40%) 250,000/330,000 

A & concrete 35,000/ 45,000 

B 170,000/z20,000 

C 265,O00/340, 000 

Gen. Fill 20,000/25~,000 

TOTAL (+ 40%) 490,000/63O,OOO 

A & concrete N/A 
B N/A 

C 16~,000/215,000 

Gen. Fill N/A 

TOTAL (+40%) 165.1 O O O / Z l S ,  O00 

8. 

Summer Volume 
M3 / yd3 

35 ,000/45 , O00 
70,000/.90 , O00 

N/A 

65 , OOO/ 80,000 

170 , O O O / 2 1 5  , O00 

25,000/ 35,000 

100,000/130,000 

95 , 000/125,000 
N/A 

220,000/290,000 

N/A 

N/A 

110,,000/145 ,000 

N/A 

110,000 145,000 



*Gr an1 ular A 

Granular B 

Granular C 

General Fill 

TOTAL ESTIMATED VOMIMES OF RESERVES 

Winter \ Summer . 

(ln3 1 W 3 1  ( 2 )  (yd3 1 
225,000 290,000 150,, 300 19 5,000 

155 ,000 200,000 

215 ,000 2 80,000 

75 ,000 100,000 

595., OU0 77 5,000 

215 I O00 285 O00 

370,000 475,000 

115,000 156,000 

TOTAL (?lo % ) 925,000 ~,200,000 
" 

Table No. 6 

Mile 12 South 

* 
Recommended material for concrete aggregate. 



Table No. 7 

Mile 17 South 

TOTAL ESTIPPATED VOLUMES OF RESERVES 

Winter 

* 
Granular A 80,000 

Granular 33 275,000 

Granular C 430r000  

General- F i l  1 125,000 

Summer 

495 ,000 545 ,, 000 
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2.1 Objectives 

The objectives of t h i s  study are as follows: 

(1) To determine the quality and quantity of granu- 
lar resources to be found in potential economic 
deposits located south  of Miles 12 and 17 of 
the P i n e  P o i n t  Highway (Hwy.  Na. 5) near Hay 
River, Northwest  Territories. 

( 2 )  To recommend  specific  site  development and se- 
sources management policies  f o r  these deposits, 
based on the  suitability of the aggregate  mate- 
rial f o r  specific cons t ruc t ion  uses. 

( 3 )  To determine the economic viability of construct- 
i n g  an all-weather haul  road south  t o  t h e s e  de- 

posits from H w y .  No. 5. 

( 4 )  To select  the  best and most  economicalall-weather 
access road  alignment  to  the deposits. 

2 . 2  Previous A2greqate Studies i n  the Area 

The Department of Indian Affairs and Northern Develop- 
ment commissioned a granular materials inventory of 
the Hay River area in 1973-1974. 

According t o  t h e  report prepared by the consultant, 
Ripley ,  Klohn & Leonoff Ltd., there are 8 sources within 
a LO-mile radius and an additional 15 sources within a 
25-mile radius of the Hay River community. A t  t h e  
time the inventory was undertaken, 14 sources were 
recommended fo r  development to provide 6.6 million cubic 
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yards of general fill, coarse and  fine aggregates. This 
was considered by the  consultant to be the volume of 
material needed f o r  the expansion of the  community. 

In July, 1975, in order to assess the quality and 
quantity of the granular material i n  c e r t a i n  depositsin 
the Hay River area, E. B. Owen of the Geological  Survey 
of Canada conducted an investigation along the Pine 
P o i n t  Highway ( H w y .  No. 5) from Hay River to the Buffalo 
River bridge. Owen concentrated  on  three  deposits, lo- 
cated at Mile 12, Mile 21 and  Mile 31. These mileages 
relate to the distances a long  the highway measured 
eastward from the junction of Highway Nos. 2 and 5. 
Owen  stated that these  three  deposits may contain  over 
hal f  of the  total  quantity of  material available to the 
community  and  recommended  the  implementation of a manage- 
ment plan.  

The t w o  previously-mentioned studies  served to delineate 
po ten t i a l  granular deposits  and made some comments re- 
garding the  quality and quantity of material. However, 
only limited test sampling and l abora tory  analyses 
were conducted. 

I n  September, 1977, Bird and Hale Ltd., as prime  consult- 
ants, and Bruce A. Brown Associates, as sub-consultants, 
were  contracted to conduct a granular  materials  assessment 
of the aggregate deposits located at Miles 12, 21, 26 and 
31 of Hwy. No. 5 .  The  primary objectives of this study 
were to evaluate  the general potential of the deposits 
to produce fine and coarse aggregate and general fill 
material. Further testing will be necessary to determine the 
suitability of the depos i t s  to produce  material f o r  
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specific uses such as concre te   aggrega te  o r   G r a n u l a r  A ,  

B and C material. Of equal importance was t h e  develop- 
ment of specific si te  development and r e s o u r c e s  manage- 
ment p o l i c i e s  f o r  t h e   e x t r a c t i o n  of g r a n u l a r  m a t e r i a l s .  
Secondary objectives were to provide  recommendations 
for the extens ion  of p i t  licences and development and 
r ehab i l i t a t ion   p rocedures  t o  assure a ready supply of 
each a v a i l a b l e  type of aggrega te  material to all local 
c o n t r a c t o r s  o r  users, t o  c o n t r o l  rehabilitation as ag- 

gregate is e x t r a c t e d ,  and t o  ensure t h a t  a l l  g r a n u l a r  
materials are put t o  t h e i r  optimum  use. I t  was recom- 
mended i n  t h i s  study that an assessment of the deposits 
south  of Mile 12 be conducted during win te r  months to 
avoid the severe summer access problems imposed by the 
sur rounding  muskeg cond i t ions .  

2.3 Study Area Location (see Key Map) 

A group of five of the  15 potential sources  c i ted by 
Ripley, Klohn and Leonoff Ltd. in their 1 9 7 4  report 
are t h e  subject of this r e p o r t .  These deposits cover 
approximately 130 hectares and are located south of 
Mile 12 and Mile 1 7  on t h e  Pine Poin t  Highway (Hwy. No. 

5 )  (see Key Map) . 
2.4 Scope 

The primary purpose of t he  study is to provide inforrna- 
t i o n  regarding t h e   s u i t a b i l i t y  of the g r a n u l a r  material 
f o r  specific uses, such as conc re t e  aggregate and  Granu- 
lar A, B and C and  general  f i l l  material. 
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The  terms  "reserve"  and  "resources" are used inter- 
changeably  in  this  inventory ta describe  estimated 
quantities of possible aggregate material. 
However,  the  term  "possible" has been applied  according 
to  performance  standards of the  Association of Pzofes- 
sional  Engineers of Ontario.  According to these stand- 
ards . . . " p  ossible ore or inferred ore, is that  material 
for which quantitative  estimates are based largely on 
broad knowledge of the geologic  character of the de- 
posit  for which there  are few, if any, samples or 
measurements.  The  estimates are based  on an assumed 
continuity or repetition f o r  which  there are reasonable 
geological indications; these  indications may include 
comparisons  with  deposits of similar type. Bodies  that 
are completely concealed  may be included if there is 
specific evidence of their presence." 

All aggregate reserve data  cited  in t h i s  report  are pre- 
liminary, since it is based on geological appraisal  and 
analyses of a limited number of field samples. Conse- 
quently, the selection and use of any aggregate material 
i n  these deposits f o r  selected construction, manufactus- 
i n g  and  industrial  applications  must  be based on addi- 

t i o n a l  field and laboratory  testing. 

2.5 Terms of Reference 

The terms of reference as s e t  o u t  i n  Contract No. OSU77-00423, 
dated March 31, 1978, are presented  in Appendix A of 
this report. 

These terms of reference  were  amended to include the 
assessment  of  potential aggregate deposits  located SC luth 
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of Mile 1 7  (HW. NO. 5 ) .  A copy of the l e t t e r  authoriz- 
ing this addit ional  work is a lsa  included in Appendix A. 
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ordinatory, Terr i tor ia l  Government, Hay River, whodntribu- 
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tion, Hay River, and Mr. Jack Row@ of Rowe Construction, 
Hay River, was invaluable in the estimation of the al- 
ternate all-weather haul road construction costs .  They 
a l so  provided useful information regarding local granu- 
lar material requirements and physical  terrain conditions. 
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3.1 Data Review 

METHODOLOGY 17. 

No quant i ta t ive  or qualitative study results, involv-  
ing test sampling or analysis,  have  previously  been 
published on  the  deposits located south of Miles 12 and 
17 (Hwy. No. 5). However, unverified  estimates of the 
quality and quantity of granular  material in the deposits 
south of Mile 12 were included in the  report published 
by Ripley,  Klohn and Leonoff  Ltd.  (March, 1974) This 
report ,  as well as the report by E. B. Owen (1975) was 

reviewed  prior to field i n v e s t i g a t i o n s .  

Both reports provided valuable information  on the re- 
gional  geology  and  geomorphology and on aggregate- 
bearing  landforms in the Hay River area. To the knowl- 
edge of our study team, no other reports published out- 
side our f i r m  having  specific  reference to aggregate 
deposits  in  the Pine P o i n t  Highway-Hay River area were 
available. 

3.2 Mapping  Techniques 

3.2.1 Base Map Preparation 

The most recent (1972) aeria l  photographs of the study 
areas  at a scale of approximately 1'' = 2 , 0 5 0 '  were ob- 
tained from t h e  National  Airphoto Library in Ottawa. A 

semi-controlled mosaic showing the two study areas and 
the alternate  all-weather haul road alignments was assem- 
bled.  From this  mosaic, photo chranaflexes at scales of 
1" = 5 0 0 '  and 1" = 2 , 0 0 0 ' ,  respectively,  were produced. 
These chronaflexes  served as reproducible base maps for 
the  graphical presentation of alternative road alignments 
and granular  material, as well as physical t e r r a i n  infor- 
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mation. 

3 2 . 2  Airphoto  Interpretation 

The use of airphoto  interpretation  techniques  facilitated 
the  preliminary  delineation of patential granular deposits. 
~n addition, it aided in the development of the resulting 
interpretative field reconnaissance and testing program. 
Data was  supplemented and verified as described in Sec- 
tion 3 . 3  of this report. 

3 . 3  Topoqraphic  Reconnaissance  and  Ground Cont ro l  

The  topographic  information required to calculate the 
estimated reserves was established by standard levelling 
techniques ( i . e . ,  automatic level and levelling rod ) .  
An arbitrary  elevation of 100 feet (30 meters)  was se- 
lected as the reference datum from which all intermedi- 
ate spot elevations  were referred on the  deposits.  Sur- 
vey base l ines  were established in order to tie in the 
network of spot elevations and local  boundaries and 
profiles of the deposits.  The  topographic  contour lines 
appearing on Dwg. Nos. HRS-2 and HRS-3 have a contour  
interval of 5 feet (1.5 meters) and were interpolated 
from the  network of spot  elevations. 
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3 . 4  Sample Test ing  Procedures and Aggregate Quality 
specifications 

All f i e ld  and additional  laboratory sample t e s t ing  was 
conducted  according to the American Society f o r  Testing 
and  Materials  Specifications (A.S.T.M., 1977), as 
adopted by the Ontario  Ministry of Transportation and 
Communications (M.T.C.) The appropriate test procedures 
and related aggregate quality  specifications are included 
in Appendix B. 

3 . 5  F i e l d  Samplinq Procedures 

Tentat ive test pit locations were selected during the 
preliminary airphoto interpretation phase. In some 
areas  it was necessary to alter the test p i t  loca t ions  
due to topographic  and access cons t r a in t s .  

Standard A . S . T . M .  sampling procedures were used through- 
out the investigation. Composite 4 "  x 4 "  channel samples 
were obtained from freshly exposed pit walls. A l s o ,  

where  variable  strata  (in excess of 3 feet  thickness) 
occurred, samples were taken from each stratum. Bulk 
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5 0  1b.samples were sealed in c l o t h  or polypropylene  mesh 
bags and labelled fo r  t ransport  to the  field laboratory 
in Hay River. 

Local  contractors  indicated  an  interest in some of the 
easily accessible and  representative test pits being 
left open f o r  their  inspection.  Mr. Andrew Forbes agreed 
that  it would be possible  to leave a maximum of 10 per 
cent of the holes open and suggested that the holes that 
were left open be indicated on the drawings. These are 
shown on Dwg. Nos. HRS-2 and HRS-3. The  remaining  test 
pits  were backfilled and compacted to grade. The results 
of the  test  pit logs appear in Sec t ions  4.1 (ix) and 4 . 2  ( i X >  

of this report. 

3 . 6  Field  Laboratory Procedures 

Mechanical sieve analyses were performed on 58 represen- 
tative samples in order to determine grain size  distribu- 
t i o n  of the material. Bulk samples to be analyzed were 
coned and quartered,  in accordance with A.S.T.M. stand- 
ard methods, and  dry sieved  through a nest of U. S. 
standard screens of 1 1/2", 3 / 4 " ,  3 / 8 " ,  #4, # 8 ,  #16, 
#30, # S O ,  #lo0 and #200 sizes. 

The s i z e  of bulk samples f o r  mechanical analysis was 
dependent on the  relative constituent proport ion of 
cobbles and coarse gravel fractions. Samples w i t h  
high stone  content required 20 lb. for  mechanical 
analysis, in order to obtain  statistically  valid re- 
s u l t s ;  while others  with a high  proportion  of sand and 
fine gravels required only 10 lb. bulk samples to 
achieve the same level of accuracy. 
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Samples which were moist or exhibited slight cohesive 
properties due to the proportion of silt sizes present, 
were dried prior to mechanical analysis. The r e s u l t s  
of the dry sieve analysis f o r  the deposits at Miles 12 
and 17 south  appear  in Sec t ions  4.1 (ix) and 4.2 (ix), 
respectively. 

Following field laboratory investigations, all remaining 
sample material not sent to Toronto f o r  f u r t h e r  detailed 
analyses was placed in separate bags, re-sealed, numbered 
and wired closed fo r  storage at the Hay River Forestry 
Station, f o r  possible f u t u r e  reference, as requested by 
Mr. Andrew Forbes. 

3 . 7  Additional Laboratory Procedures  

The 58 samples tested in o u r  f i e l d  l a b o r a t o r y  were com- 
pared and placed in 19 categories exhibiting s i m i l a r  
physical characteristics based on f i e l d  test results 
and visual  examination. A representative 20 lb. sam- 
p l e  was selected from each group and sent  to Toronto 
f o r  further  analysis. 

M r .  George Woda, Geologist-Petrographer (retired) from 
the Ontario  Ministry of Transportation and Communications, 
acted as technical consultant on t he  project. He super- 
vised the petrographic analysis, organic c o n t e n t  deter- 
mination and w e t  sieve analysis on the r e p r e s e n t a t i v e  
samples. 

All laboratory t e s t i n g  was conducted according to A.S.T.M. 
or M.T.C. specifications (see Appendix B). These t e s t s  

were conducted by Mr. William Moore, C.E.T., Geological 
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Techno log i s t ,  and Mr. Robert H i l l ,  Resource Management 
Technologist, of our firm under the direct supervision 
of Mr. George Woda. 

Wet sieve and petrographic analyses were completed on 
all 19 samples. Qualitative organic impurity determina- 
tion was  conducted on all samples exhibiting  potential f o r  
cement mortar o r  c o n c r e t e  aggregate. 

The following t e s t  procedures were employed on a l l  19 
r e p r e s e n t a t i v e  samples: Each 20 lb. sample was 

coned and quartered. One quarter of this material was 
sieved to minus # 4  mesh,  Two test samples weighing 
between 2 5 0 . 0  and 275.0 grams were obtained. These 

samples were weighed individually  and  the  weights re- 
corded. Each sample was washed on the #200 sieve ta 
remove all minus #ZOO mesh material. .The  samples  were 
then dried in an oven at a constant temperature of 
110' + - 5'C. The samples were t hen  reweighed and the 
percen tage  of fines (minus #200) was c a l c u l a t e d .  

In order to ob ta in  approximately 1,000 grams of mate- 
rial  passing 3 /4"  and retained on 3/8" sieve sc reens ,  
one quarter of the coned and quartered sample was 

screened through these sieves, A petrographic  analysis, 
according to M.T.C. specifications, was conducted on 
t h e  samples. The granular  material  was categorized, 
as shown on the pe t rog raph ic  sheets included in 
Sections 4.1 (ix) and 4 . 2  (ix) of t h i s  report .  The 
petrographic  number f o r  concrete and hot mix mulch and 
the corrected granular and 5/8" crushed  petrographic 
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numberswere  calculated. 

Organic  impurities  determination was conducted on a l l  
representative samples which  exhibited  acceptable 
petrographic numbers far use in cement mortar ox con- 
crete. This  test  indicates  the  presence of organic 
compounds in natural sand which may be injurious to 
cement  mortar or concrete and furnishes a warning  that 
further  testing of the sands is necessary.  The  test 
method is included in Appendix B. 

Based on the geological s e t t i n g ,  mode of formation and 
visual i n spec t ion ,  it is assumed that the  granular  mate- 
rial in the Miles 12 and 17 south deposits  consist of 
rock types similar  to  those  encountered  during our pre- 
vious  study. The results of previous magnesium sulphate 
soundness tests indicate  a maximum weight loss of 6.5% 
after five test cycles. This loss  is well within the 
accepted limit of 12% for  concrete as s e t  by M.T.C. 

Thus, it  is  assumed  that a l l  of the material has accep- 
table soundness f o r  concrete, aggregate o r  lesser uses, 
such as Granular A and B material. 

The results of all additional laboratory tests are in- 
cluded  in  Sections 4.1 (ix) and 4 . 2  (ix) of this report. 

3 . 8  Qualitative and Quantitative  Analysis of Granular 
Material 

Results of the  test  pit logs and f i e l d  and laboratory 
t e s t s  were evaluated. On Drawing Nos. HRS-2 and HRS-3 
the granular material exhibiting the greatest po ten t i a l  
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The estimated  volumes of available  material fol: each 
potential  use  were  calculated for both optimum summer 
and  winter  extraction. The depth of available  material 
f o r  summer extraction in the majority of the  deposits 
will be limited by the groundwater table .  Field obser- 
v a t i o n s  and discussions  with local contractors indicated 
that  the  water  table  in  the  deposits  during summer months 
will be at  the  surface elevation of the surrounding  mus- 
keg deposits. Test p i t  excavations  indicated  an extremely 
high  variation in the ground water table. Thus, the  depth 
of material  available for  winter  extraction will be 
limited by either  the  underlying  ablation  till Or the 
significantly lower water table. 

Discussion with local  contractors and previous experience 
indicate  that a minimum of 0 . 8  meters (2.5 feet) of granu- 
lar  material above groundwater table or unacceptable 
s t r a t a  after  stripping of overburden, is necessary to 
render  extraction of the  granular  material  economic. 
Therefore, areas  possessing less than t h i s  depth of 
granular  material  were no t  delineated as granular mate- 
rial on Dwg. N c s . H R S - 1 ,  HRS-2 and HRS-3, nor  were  these 
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areas  included in the determination of possible granular 
material  reserves. 

The areal extent and extreme  variability of the deposits, 
the  difficulties  encountered in excavating  numerous  test 
pits and the great fluctuations in groundwater table 
elevations  hindered  accurate  determinations  of available 
material. Therefare, a l l  estimated  volumes  which appear in 
Sectiohs 1.1 and 1.2 are  approximate and are  conditioned as 
indicated by their  respective'totals. 

3.9 Vegetation  and Wildlife Reconnaissance 

Observations  regarding  existing  vegetation  and  wildlife 
were  recorded  during  field  investigations.  It was con- 
cluded  that  vegetative  and  wildlife  conditions are simi- 
lar to those described  in  the  Ripley, Klohn and Leonoff 
Ltd., 1974, and  the Bird  and Hale Ltd, 1977, reports. 

3.10 Selection of Alternate  All-weather  Haul  Road  Alignments 
(see Dwg. No. HRS-1) 

Route 1 
The Fort Smith  winter road runs south  from  Mile 11 ( H w y .  

No. 5 )  and  provided  access to the Mile 12 south deposits 
in the past.  Prior to field  investigation,  it was an- 
ticipated  that t h i s  road  would a lso  serve as the most 
suitable  alignment fo r  the  construction of an  all-weather 
haul road to the  deposits. The Fort  Smith road currently 
transects large areas of open muskeg to avoid thick ma- 
ture timber;  therefore it was found  necessary to 
recommend  realignment of a major por t ion  of this 
road. This alternative  alignment was selected by air- 
photo  interpretation  techniques and later  examined in the 
field. 
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- Route 2 

In order to provide road access to the granular  deposits 
in the vicinity of Mile 17 south! a direct  all-weather 
haul road alignment was selected from Hwy. No. 5, rather 
than via the Fort Smith road. 

The alternate haul road alignments and test  pit  locations 
appear on Dwg. No. HRS-1, which  is  enclosed in Section 
4 3 ( v i )  of this report. The  test pit logs  appear in 
Section 4 . 3  ( v )  . 

Airphoto  interpretation also facilitated  the location 
of potential access alignments, as indicated on Dwg. 
No. HRS-1, between the granular  deposits. 

3.11 Construction  Specifications and C o s t  Estimate  Determina- 
tions - All-weather Haul Roads 

The specifications to which the all-weather  haul  road 
should be constructed were determined through  discussions 
with local contractors. These construction  specificatians 
are presented in Sect ion 4 . 3  (iii). 

Airphoto  interpretation and f i e l d  investigations facili- 
tated the inventory of physical terrain  characteristics 
along the haul road alignments. This  information was 
given to two local  contractors  who  were asked to esti- 
mate the costs  of road construction. These  estimates 
were averaged and  adjusted where necessary and are pre- 
sented in Section 4 . 3  (ii) 
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-" , - .  

4.1 Mile 12 South  Deposits 

(i) Location  and Existing Access (see Key Map) 

T h i s  group of fine deposits is located approximately 
4.5 miles  south of Mile 11 of the Hay River-Pine  Point 
Highway (Hwy. No. 5) and is approximately 21 miles from 
the Town of Hay River. Currently, only win te r  road ac- 
cess is available  to  the  deposits  via  Hwy. No. 5 and 
the Fort Smith  winter road. 

(ii) Regional Geoloqy 

The s tudy  area, like the e n t i r e  southern shore of Great 
Slave  Lake  near Hay River, is u n d e r l a i n  by flat-lying 
Upper Devonian  sedimentary rock. This rock is best 
shown in s e c t i o n  in the i n c i s e d  Hay River  channel ex- 
t end ing  n o r t h  from Louise Falls t o  near E n t e r p r i s e ,  
same 20 miles southwest of the area of investigation. 
The  predominant rock type consists of a uniform buff 
coloured, slightly dolomitized limestone,  overlain by 
a mantle of uniform a b l a t i o n  till  which  was  deposited 
by retreating ice. Over  the ablation till a series of 
parallel shorel ines  were  superimposed on the g e n t l y  
north-sloping  terrain as the level of Great Slave Lake 
dropped  in a series of stages as ice gradually receded 
down the MacKenzie River alignment. 

The deposits  of economic  interest are late-stage 
glaciofluvial and glaciolacustrine features superim- 
posed upon  the  ablation  till. 

2 7 .  
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(iii) Geomorpholoqy 

These discontinuous n o r t h e a s t - t r e n d i n g   d e p o s i t s  resemble 
eskers o r  crevasse fillings formed as t h e   s t a g n a n t  
Laurentide ice s h e e t  melted. These deposits were modi- 
f i e d  by t h e  wave a n d   c u r r e n t   a c t i o n  of p o s t - g l a c i a l  
Great Slave Lake. 

As a r e s u l t ,   t h e  southeast portions of Deposit Nos. HR109A 
t o  HR112A are h ighe r  i n  elevation t han  i n  t h e  northwest  
portions. These areas e x h i b i t  aggregates typical to 
t h o s e  of s l i g h t l y  modified esker landforms. Areas with  
a northwest  exposure were modif,ied t o  a landscape of 
gently  sloping beach ridges and sand and gravel terraces. 

Some areas, specifically Deposit HRlOSA, and t h e  

n o r t h  po r t ions  of HRllOA and HR112A were breached and/or 
completely  submerged by post-glacial Great Slave Lake. 
This resulted i n  t h e  majority of the g r a n u l a r  material 
being removed and deposited as cuspate beaches found on 
the deposits of higher elevation located t o  t h e  south- 
east .  

The lower nor theas t   and   sou thwes t   ex t r emi t i e s ,  a s  w e l l  
as t he   no r thwes t  slopes of Deposits HR109 to HRl12, i n -  
clusive, c o n s i s t  of s t r a t i f i e d   b e a c h  deposits of c o a r s e  
sand and gravel c o n t a i n i n g  a relatively h i g h   f i n e s  content 
(minus P200 mesh). The h igher  elevated s o u t h e a s t  por- 
tions of these d e p o s i t s   c o n t a i n  sand and gravel typical 
of all esker landforms. In some l o c a t i o n s   t h e r e  is a 
d i scon t inuous   su r f ace  layer of boulders wi th  a maximum 
particle s ize  of 3 '  diameter. 
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(1v)Groundwater  Conditions 

The Mile 12 south deposits are superimposed  upon a rela- 
tively  flat-lying till and a f i n e  sandy till p l a i n  ex- 

h i b i t i n g  imperfect  drainage  and muskeg conditions. No 
distinct  drainage  channels, creeks or streams  are proxi- 
mate to these deposits. 

As all test pit excavations i n . t h e s e  deposits  were con- 
ducted during t h e  winter months, it was not possible to 
accurately determine summer groundwater  table elevations. 
However, based on the  observations of water table con- 
d i t i o n s  in the previously  excavated  areas and notably in 
Deposit  HRlOSA (as well as discussions with local con- 
tractors), it was assumed  that t h e  summer groundwater 
table elevation in the deposits will coincide  with the 
surface elevations of the  surrounding muskeg deposits. 
Groundwater was encountered in some of the t e s t  pits 
at depths  in  excess of 5 feet below the  elevation of 
the surrounding muskeg. Therefore, it may be concluded 
that t h e  winter to summer water table  fluctuation  could 
range from 4 to 5 feet  in elevation. 

( v )  Vegetation and Wildlife 

Vegetation and wildlife  observations were hindered by 
winter  conditions.  However, all observations  indicate 
conditions similar to those  described f o r  the Mile 12 
deposits  as  outlined i n  our previous report .  

The undisturbed p o r t i o n  of the  eskers  contain a uniform 
overstory of black spruce (picea mariana) 6-12" dbh, 
40-50'h, with jack pine  (pinus  banksiana) 8-15" dbh, 
35-45 '  h, together forming a 65 to 75% canopy. The 

. .. 
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higher  portions conta in  many windfalls, thus attesting 
to a lack of root  fastness  throughout  the sandy sub- 
soils.  

The  understory  is  predominantly  caribou moss and grasses, 
with a f e w  sedges and  occasional  wild rose (Rosa s p p . ) .  
The transition zone to  muskeg is characterized  by den- 
sely covered dwarf  tundra bi rch  (Betula  glandulosa)  in 
areas of permanent surficial  wetness  and leather-leaf 
(Chamaedaphne  calyculator) and grasses. 

In areas of improved drainage, black  spruce  continues 
i n t o  the  surrounding  flat areas; however,  diameters are 
generally 4-8" only, and the canopy is usually 40% 
maximum . 
Areas underlain  by granular  materials are generally 
characterized by a very open understory which does not 
offer  sufficient  shelter or food  sources for  small mam- 
mals. Although squirrels, lynx, chipmunks  and  marten 
are reported in the general area, little direct evidence 
of other  wildlife, except fo r  songbirds, ravens and 
whiskey jacks ,  was found  in the study area. 

A few isolated caribou  tracks  were  found,  and minor 
trails were evident.  Beaver are not associated with 
the flat-lying aggregate deposits b u t  are  not  uncommon 
on the creeks which flow between the s tudy  areas north 
to Great Slave Lake. 
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Surrounding  wetlands  with dense unders tory ,  better 
s h e l t e r ,  and a g r e a t e r   v a r i e t y  of food sources provides 
a more sui table   environment  for small rodent and r e p t i l -  
i an   fauna .  

Pit development t o  date has been restricted t o  dry 
opera t ions ,  and t h i s  will likely cont inue  i n  t h e  fu- 
t u re .   The re fo re ,   ca re fu l  managementcan he lp  to en- 
sure little d i s r u p t i o n  through siltation o r  d e s t r u c t i o n  
of surrounding muskeg a r e a s .  The ve ry   na tu re  of the 

soils discourages  random veh icu la r  access t o  t h e  sur- 
rounding a r e a .  

The Rip ley ,  Klohn  and Leanoff L t d . ,  1 9 7 4 ,  report  i n d i -  
cates  t h a t  these deposits se rve  as a grazing area f o r  
a small herd of car ibou  and is an important t r app ing  
area. 

(vi ) Previous  Development 

Deposit HR109A is t h e  on ly  deposi t   which  has   previously 
been developed  for  aggregate ex t r ac t ion .   D i scuss ions  
wi th  local c o n t r a c t o r s   i n d i c a t e  t h a t  t h i s  material was 
e x t r a c t e d  during t h e  w i n t e r  and was used during the 
c o n s t r u c t i o n  of t h e  C.N.R. r a i l  l i n e  which parallels 
Hwy. N o .  5. A total of approximately 6 4 , 0 0 0  cubic 
meters ( 8 4 , 0 0 0  cubic yards) of g ranu la r  material was 
e x t r a c t e d  for &his purpose from two borrow  areas ,  lo- 
cated southwest of t h e  F o r t  Smith  winter  road. No 

e x t r a c t i o n  has taken place s i n c e  1972 ,  t h e  exposure date 
of t h e  aerial  photography used i n  this study.  The sub- 
ject borrow areas- are indicated on Dwg. No. HRS-2, as  
"Depleted Areas",  
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(vii)  P resen t  Reserve Area 

The area dimensions of t h e  granular deposits are listed 
below: 

Approximate Average 
Deposit Length  Width Appraximate Area 

(meters) (feet)  (meters) (feet) ( h e c t a r e s )  (acres) 

HRl08A N/A N/A N/A N/A N/A N/A 
HR108B 4 3 5  1,450 135 450 6.0 15.0 
H R 1  O 9A 1,800 6,000 102 340 19.0 47.0 
H R l l  OA 1,575 5 , 2,50 114 380 18.5 46.0 

HRlllA 1,200 4 I 000 90 300 11.0 27.0 
HR112A 1,200 4 I 000  72 240 9.0 2 2 .  O - 

(viii) Quality and Quantity Of Aggregate 

The g ranu la r  deposits have been divided i n t o   s e c t i o n s  
according t o  the  p o t e n t i a l  of t h e  areas f o r  s p e c i f i c  
aggregate  uses. These sec t ions   have  been numbered 1 
to 15 i n c l u s i v e  on Dwg. No. HRS-2. The approximate 
a r e a ,  average estimated depth of working face, es t imated  
volume, potential use and crushing  potential of each 
sec t ion   appea r  i n  Table No. 1. 

As defined by the Ontar io  Ministry of Transpor t a t ion  and 
Communications "crushable granular m a t e r i a l   s h a l l  be 

defined as unprocessed  gravel containing a minimum of 
35% coarse   aggrega te  larger than  the # 4  s i e v e " .  

The boulder content of the aggrega te  material wi th in  
t h e s e  deposits is h igh ly  variable wi th in  sho r t  distances. 
The major i ty  of t h e  material contains t h e  occas iona l  
boulder  which may range up t a  three feet  in diameter. 



-__ 15 

* 

_______- 1 7.6 1 . B  ( 6 )  0.9 ( 3 )  1o5,ooo/~~5,ooo !o,ooo/ 7o.ooa 
2 5.8 2.1 

& X " _ _ _ _ _ _ _ " ~  
( 7 )  B X 1.5 (5) 95,000/125,000 _70,000/ 85,000 

3 2 . 5  3.7 __ ~. (12 1 2.4 (81  m,ooo/  90,000 ss,ooo/ SO,ODO Hashing &_screening 

5 4.4  1.8 16) 1.2 t 4 )  6o,ooo/ aa,ooo ro,ooo/ 50,000 

7 1.5 1.8 (6)  1.2 14) 20,000/ 25,000 IS,OOO/ 20.000 

A X 

4 3 . 2  1.8 (6) 1.2 (4)  45,000/ 60,000 _30,000/ 40,000 c -__- x .  
x." 

_" GF x- 
A X 

G F  

C 

6 ___  3 . 0  2 .4  18) 1.5 (5) 55,000/ 70.000 35,000/ 45,000 Washing fi screening X 

." 

8 11.4 1.2 14) 

9 1.0 1 . 2  

X" 

0.8 tz.5) ~o5,ooo/13~,ooo 6s,ooo/ 85,000 
" 

(4) GF X 

Washing & screening X 

0 .8  ( 2 . 5 )  S,OOO/ 10,000 6,000/ 8,000 

1 . 5  t5 )  100,000/130,000 7O,(toO/ 90,000 

6.1 1.5 (5) 0.9 ( 3 )  70,000/  90,'000 40,000/ 55 ,000  

0.9 ( 3 )  15,000/ 20,000 8,000/ 10,000 

0.9 ( 3 )  40,000/ 50,000 25,000,' 35.000 

2 . 1  (7) 120,000/160,000 85,000/110,000 

0.9 t3)  lO,OOO/ 15,000 6 2 0 /  8,000 

" 
10 6.1 2.1 (7) A X 

C 

GF X 

C 

3 

- 

I ï  -____.- 

" 
12 L.3 1.5 (51 

1 3  3 . 6  1.5 (5) 
14 5.3 - 3.0 (101 

0.9 1.5 ( 5 )  

x- 
X 

X __ ___ "- 

See Appendix C 
W 
W 



bird and hale 

4. OBSERVATIONS,  CONCLUSIONS AND RECOMMENDATIONS 3 4 .  

This may necessitate t h e  use  of a rock or bar screen t o  
remove the boulders prior to the  use of the  material as 
granular A, B, or C material. The larger boulders 
retained on the bars could be stockpiled and when there 
are enough,  they may be crushed. Also these boulders 
may be used f o r  other purposes such as, r ip-rap or 
gabion  construction  material. Generally the material 
designated as possessing potential f o r  Granular A and 
B has a l o w  boulder content  and that  designated as C 
and general  fill has a relatively high  content. 

A description of the i n d i v i d u a l  deposits and the unique 
characteristics of each are outlined below. 

(a)  Deposit HR108A 

Airphoto  interpretation and field  investigation  indicated 
this  ta bb an extremely low-lying deposit having a max- 
imum elevation above  the surrounding muskeg of approx- 
imately 1 meter (3.28 ft.). The excavation of five 
test  pits confirmed a maximum depth of approximately 
1 meter (3.28 ft.) of well graded granular material 
conta in ing  numerous boulders  and approximately 8 %  fines 
(passing #ZOO, washed sieve). Silty c lay  was encountered 
in t h e  bottom of all t e s t  p i t s .  

For the reasons described in Section 3 . 8 ,  the e x t r a c t i o n  
of granular material in this does not appear t o  be 
economically feasible. 

(b) Deposit HR108B 

This is a l so  a low-lying depos i t  which consists of approx- 
imately 80% sand by weight. Due to its topographic 
character  it  has  limited  summer  extraction  potential. 



Winter extraction potent ia l  is much greater. This materi- 
al does not exh ib i t  crushing potent ia l .  

(c) Deposit HRlOSA 

The  results of a l l  t e s t  pit excavation, and f i e l d  and 
additional laboratory  test  results  indicate that this 
deposit contains material which exhibits  potential f o r  
concrete aggregate, as well as Granular A, B, and C 
material. In addition, all of this  material would be 
suitable as fill. However, due to the large amounts 
of general  fill available i n  other deposits it is recom- 
mended  that  this  material be retained f o r  uses requiring 
more rigid specifications. 

The material in section 1 consists  primarily of gravel 
and is gap graded. Section 2 is primarily gap graded 
sand, section 3 is well graded sand and gravel and 
section 4 contains  approximately equal praportions 
of sand and gravel. 

( d )  Deposit HRllOA 

This  deposit contains material which exhibits  potential 
f o r  granular A ,  C and general fill  material. The north- 
ern portion of the  deposit has an extremely low profile 
relative  to the surrounding muskeg. Also the material 
contains a high boulder and fines content.  Thus this 
area was not  considered as an economical deposit. 

The material in  section 8 is predominantly sand and 
contains a highly variable  fines  content (6 to 12% 
wet sieve). Section 9 is  predaminately gravel and 
has a fines content of approximately 12%. 
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(e) Deposit HRlllA 

(f) Deposit HR112A 

The majority of material in this deposit has been desig- 
nated as general fill material primarily because it 
is gap graded. The area designated as potent ia l  
Granular A material i s  well graded and consists prim- 
arily of gravel. 



37 

(1x1 RESULTS OF LABORATORY TESTING ANr) 

TEST PIT LOGS 

(Mile 12 South) 
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1 
C o m m a W *  COARSE AGGREGATE PETROGRAPMIC ANALYSIS 

6 

TRAP 9 
21.t 209.0 GRANITE - DIORITE - GA88RO 8 

VOLCANIC  , (hard  and slightly weathered ) 7 
2.0 z0.0 GREYWACKE - ARKOSE (hard  and medium hard 1 

I 
TOTAL GOO0 AGGREGATE 

x 2  I CARBONATES ( s o f t  ; s l i g h t l y  shaley ) - 4 0  

I 93 *e 
24  

x ?  1 dl  C A R B O N A T E S  f s a n d " .  soFr and soft aitfed I 

x 2  1 ,  CARBONATES CRYSTAILINE  (slightly  weathered ) 

4 2  

x 2  ! ARGILLITE 29 
7 .O * 2  i . 0  10 .0  ENCRUSTATION 52 

x 2  VOLCANIC ( s o t t )  28 
x 2  G R A N I T E  - DIORITE - GABBRO ( b r i t t l e )  27 
x 2  26 CHERT - CHERTY CARBONATES 
x 2  GNEISS ( s o f t )  SCHIST (rnsdlum h a r d )  25 

2.5 75.0 CARBONATES ( d e e p l y  weathered 1 

I I 

I 
TOTAl  POOR AGGREGATE 3. O 

60 
61 

OCHRE 

VOLCANIC OR SCHIST (decornposmd ) 63 
CLAY 62 
SHALE 

Y. DELETERIOUS 0, x l 0 -  Mo 
H o r  M I X ,  MULCH AND /22.0 CORRECTED GRANULAR  AND 
CONCRETE P. N. V a "  CRUSHED P. N. 

120.0 
3931 OQYTB+ 4-77 
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I TOTAL GOO0 AGGREGATE I !e57 T ! 
24 ICARBONAJES CRYSTA'LLINE ( s l i g h t l y  weathared ) I x 2  ! 
40 C A R B Q N A Ï E S  (sof t  ; slightly shaley ) ,  I x 2  ! 
d l  CARBOrqATES ( s a n d y ,  soft  and soft pi t ted ) ; x 2  1 
$2  C A R B O I A T E S  ( d e e a l y  weathered ) 
25 GNEISS f s o f t  1 SCHIST (medium h a r d )  x 2  
26 CHERT - CHE9TY CAHBONATES x 2  
27 GRANITE "+ DIORITE - GA55RO ( b r i t t l e )  1 x 2  j 
28 VOLCANIC (sof t )  x 2  1 
52 ENCRUSTATION //7 I 

2 9 - A R C l L L l i E  
I I 

TDTAL FAIR AGGRiG4fE / 3 * 7  I I 
43 CARBONATES ( sholay or clcvry ) 
44 CARBONATES (ochreous ) 
45 CHERT - CHERTY CARSONATES ( leached) x 5  

44 SANDSTONE ( soh friable I x 3  
48 VOLCANIC ( v e r y  soft, porous ) x 3  
49 CARBONATES CRYSTALLINE ( s o f t )  I x 3  t 
50 GNEISS ( fr iable 1 / o./ x 3  0-3 , 
51 GRANITE - DIORITE - GABBRO (Friabl.1 x 3  1 

53 CEMENTATIONS x 3  
54 C E M E N r A T l O N S  (total  1 x 3  
55 SCHIST ( soft 1 x 3  
56 SILTSTONE x 3  

TOTAL POOR AGGREGATE , 6.1 I 
60 OCHRE 

I I I l 

63 I V O L C A N I C  OR SCHIST (decompowd 1 
I l I l I 

Y. DELETERIOUS xlOf 5.0 
HOT MIX,  MUlCH AND 132.4 CONCRETE P. N. W g "  CRIJSHED P. N. 

CORRECTED GRANULAR A N D  1 /O407 
931 O Q H T I +  4-77 
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'TYPE 
GRANULAR & 
518' CRUSHED I 

1 

TRAP 9 
19.8 . 1989 GRANITE - DIORITE - GA88RO 8 

VOLCANIC ( h a r d  and slishtly weathered ) 7 
2.0 20.0 GREYWACKE - ARKOSE ( h o r d  and medium hard ) 6 

QUARTZITE (coarse and fine groinmd ) 5 
/ .O  /&O GNEISS - SCHIST (hard ) 4 

SANOSTONE (medium hard ) 22 
3 ,SANDSTONE ( h a r d  ) 

, /-x j3.0 CARBONATES CRYSTALLINE (hard  ) 23 
C A R B O N A T E S  (sandy, medium hard ) 21 
CARBONATES (sandy, hard  ) 2 

7.4 74.0 CARaONATES (sl ightly weathared ) 20 
61-0 6/0*0 CAR8ONATES [ hard ) 

I l 

I I, TOTAL GOQD AGGREGATE -T 
24 

1 x 2  I ARGILLITE 29 
X 2  I/0*4 . 5.2 52.0 ENCRUSTATION 52 
x 2  VOLCANIC ( s o f t )  28 
x 2  GRANITE - DIORITE - GAB3RO ( b r i t t l e )  27 
x 2  CHERT - CHERTY CARBONATES 26 

I GNEISS ( s o f t  I SCHIST (medium hard ) 25 
. /*4 /4*0 CARBONATES (deeply  weathered ) 42 

x 2  CAR6ONATES ( s a n d y ,  soft and soft pitted ) 41 
x 2  CARBONATES ( s o f t ;  slightly shaley ) d0 
X 2  CARBONATES CRYSTALLINE ( s l i g h t l y  weathered ) 

TOTAL F A I R  AGGREGATE 6 - 6  I ! 
1 I 

43 
CARBONATES (ochreous ) 44 

9 - 0  CARBONATES ( shaley of clayey ) 

45 
SANDSTONE ( Soft f r i a b h  1 d& 
CHERT - CHERTY, CARB,0N44TE5 ( leached) 

' x 3  
48 VOLCANIC ( v e r y  soft, porous ) 

SO 
x 3  CARBONATES CRYSTALLINE ( s o f t  1 49 
* 5  

x 3  CEMENTATIONS ( totot 54 
x 3  CEMENTATIONS 53 
x 3  GRANITE - DIOdlTE - GABBRO ( f r iabl r )  51 
x 3  GNEISS I friable ) 

56 SILTSTONE x 3  
55 x 3  SCHIST [ soft ) 

I 

TOTAL POOR AGGREGATE 0.9 
60 

SHALE 61 
OCHRE 

631VOLÇANIC OR SCHIST (decomposed ) I I l 
l I 

I i  I I l 

I 1 I I 
I I I 

]TOTAL DELETERIOUS AGGREGATE I 

Y, GOO0 x l :  
TOTALS _ / O 0 0  1 1 0 0  J - 1 0  q 4  

'A DELETERIOUS 0 X l O =  A&- 

HOT MIX,  MULCH AND CORRECTED GRANULAR AKD 
CONCRETE P. N S/q" CRUSHED P. N. 1/O7*3 J 

3951 OBMTW 4 -77  
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2 4  

+4O 
* 2  .CARBONATES CRYSTALLINE ( s l i g h t l y  wvnothored ) 
* 2  C A R B O N A T E S  ( s o f t  ; s l i g h t l y  s h a l e y  ) 

41 CARBONATES ( sandy,  s o f t  and soft p i t t o d  ) * 2  
42 CARBONATES ( d e e p l y  weathered ) 

I x 2  ARGILLITE 29 
/ / a 4  9.7 I x 2 52-0 ENCRUSTATION 52 

x 2  VOLCANIC ( s o l t )  28 
X 2  i G R A N I T E  - DIORITE - G A 8 8 8 3  ( b r i t r l a )  27 
X 2  CHERT - CHERTY C A R B O N A T E S  26 

3 *O x 2  GNEISS ( s o f t  ) S C H I S T  ( m e d i u m  hard ) I .9. O I / . O  25 
2.3 2 I . O  

TOTAL FAIR AGGREGATE 9.Q I 
I 

43 

x 3  CEMENTATIONS -53 
x 3  GRANITE - OlORlTE - GABBRO ( f r iab le )  51 

2 - 4  *3 0.8 T.0 GNEISS ( Friable SO 
x 3  CARBONATES  CRYSfAlLINE ( s o f t )  39 
x 3  f - V O l C A N I C  ( v e r y  soft, poraus ) 48 

' x 3  ! SANDSTONE ( soft f r iable A6 
x 5  I CHERT - CHEilTY CARBONATES ( leached)  -45 

I C A R B O N A r f S  (ochreous ) 44 
CARBONATES ( s h a l e y  or clayey ) 

54 CEMENTATIONS {total 1 x 3  
55 SCHIST ( soft 1 1 x 3  
56  S I L T S T O N E  1 I x 3  

I 
1 2.7 I /TOTAL DELETERIOUS AGGREGATE 
I l  

%GOOD * 1 =  
TOTALS 907 I / O O - q  L./5*& 

7. OElETERIOUS 2-7 * l O j  27.0 
HOT MIX,  MULCH AND /-'6.z CORRECTED GRANULAR A N D  
CQNCRSTE P. N. 5 4 ' '  CRUSHED P. N .  /30*9 
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L3 )CARBONATES ( s h a l e y  or clayey ) 1446-0 I 4 . 6  I I 
Ld ICARBOFJAT5.S ( ochrsous 1 
15 ICHERT - CHERTY CAREONATES I leached 1 I l f x 5  I I 
1.5 SANDSTONE ( soft fr iable 
18 V O L C A N I C  (very  soft, porous ) 1 x 3  
19 CARBONATES  CRYSTALLINE [ s o f t )  J x 3  
io GNEISS ( f r iab le )  *3 
i l  GRANITE - DIORITE -GABBRO (fr iable)  *3 
i3 CEMENTATIONS x 3  
54 CEMENTATIONS [ tota l  1 x 3  

I l I l 

ITOTAL POOR AGGREGATE r I44 I 
j0 OCHRE 13.0 1.3 
5 1  SHALE 
52 CLAY 
53 VOLCANIC OR SCHIST (decomposed ) 

. .  . . 
1 -  I I I I 

l 1 I 

ITOTAL  DELETERIOUS AGGREGATE / 3  I 

% GOOD x 1  f 
TOTAL S 994 *O /O0  *O] 75.2 

Y. DELETERIOUS - L .  *lo= a 
HOT M I X ,  MULCI i  AND 
C O N r R E T F  ?" N. V q "  CRUSHED P. N. (216.3 I CORRECTED GRANULAR  AND 

131 OaHT€l+ 4 - T t  



. .  

'Y Pf GRANULAR P. 

CORRECTrON 
q0. TYPE WEIGHT */e Jl8' CRUSHED 

1 
1 CARBONATES ( hard ) Id4.0 16-4 16.4, 

20 CARBONATES ( s l i g h t l y  werrthsrd ) /09.0 10.9 / n  *9- 
2 CARBONATES ( s a n d y ,  hard  ) 
21 CARBONATES [ s a n d y ,  medium hard ) 
23 CAR 80NATE5 CRYSTAlLINE (hard i 

3 SANDSTONE ( h a r d  ) I 
22 SANDSTONE (medium hard ) I 
4 GNEISS - SCHIST (hard  1 i 
5 QUARTZITE (coarse ond fine groinad ) 
6 GREYWACKE - ARKOSE ( h a r d  cnd medium. hard 1 
7 VOLCANIC (hard  qnd slightly weathered ) 
8 GRANITE - DIORITE - GA88RO 125-0 1 2 4  
9 TRAP 

I 
TOTAL FAIR AGGREGATE 5R.7 

43 CARQONATES ( shaley or clayey ) 
46 CAgJONATES (ochreous ) 
45 CHERT - CHERTY CARaONATES [ laaehed 1 x 5  

06 SANDSTONE ( soft friable x 3  
P8 VOLCANIC [ v ~ r y  soft, porous 1 x 3  
49 CARBONATES  CRYSTALLINE [ s o f t  1 ' x 3  
50 GNEISS ( friable ) x 3  
51 GRANlTE - 010eITE - GABBRO ( f r iab le )  x 3  
53 CEMENTATIONS x 3  
54 CEMENTATIONS (toto1 1 x 3  I 
55 SCHIST ( raft ) x 3  
56 SILTSTONE I x3 

. .  

I I 
.. . 

r I 1 
TOTAL POOR AGGREGATE 

$0 OCHRE 1 5 . 0  /*q 
61 SHALE 
62 CLAY 
63 VOLCANIC OR SCHIST (decompolod ) 

HOT MIX, MULCH AND 230.9 
CORRECTED GRANULAR AND 

CONrR&Tf P. N. W<CRUSHEO P. N.  /2/ * I 
331 a a w m  4-77 
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GRANULAR 8 
TYPE WEIGHT V m  %* CZUSHEQ 

I I 1 CORRECTION 
1 

CARBONATES (slightly  weathered ) !O 
80-0 l/0*3 CARBONATES ( hord ) 

SANOSTONE (medium hard ) ?2 
SANDSTONE ( h u r d  ) 3 

I CARBONATES CRYSTALLINE (ha rd  ) !3 
I CAROONATES (sandy,  medium hard ) 21  

CARBONATES ( s a n d y ,  hard ) 2 
7.7 60.0 

I 

4 GNEISS - SCHIST (ha rd  ) 
5 QUARTZITE (coarse and f ine grained J 
4 GREYWACKE - ARKOSE ( h a r d  and mrdium hard ) 
7 VOLCANIC (hard  and slightly  weathered ) 
8 GRANITE - DIORITE - GABBRO 40 *O 5.7, 
P TRAP 

TOTAL GOOD AGGREGATE 

GRANITE - DIORITE - GAS8RO [ b r i t t l l )  !7 
I CHERT - CHERTY CARBONATES !6 

x 2  GNEISS f so f t  I SCHIST (medium  hard ] 15 
3 *< 77.0 CARBONATES ( d e e p l y  weathered I2  

x 2  ' CAREONATES ( r c n d y ,  soft  and soft pitted ) 1 1  
* 2  1 CARBONATES ( s o f t ;  slightly  shaley ) lo 
X L ,  ! CARBONATES CSYSTALLINE (sl ightly weathered I !4 

23.2 I I 

! x: 
I x 2  

i l I 
TOTAL FAIR ACGR5GATE 7 3 . 5  I I 

13 

x 3  SILTSTONE b 
x 3  SCHl ST ( soft 1 I i5 
x 3  CEMENTATIONS [ to ta l  1 id 
x 3  CEMENTATIONS 13 
*3  GRANITE - DIORITE - GABBRO ( f r i ab le )  il 

5 . 1  X 3  1-7 / 3 . 0  10 !GNEISS ( fr iable ) 
1 x 3  19 lCARBONATE.5  CRYSTALLINE [ s o f t )  I 

I x 3  VOLCANIC ( v e r y  l o f t ,  porous ) 18 
j * 3  SAND5TONE ( soft friabla 16 

X 5  CHER.: -CHERTY CARBONATES ( laochsd) iS 
CARYONATES (ochrsous 1 18 

/ * O  8-0 CARBONATES ( shaley  or clover ) 

TOTAL POOR AGGREGATE 
I I OCHRE IO 

7.7 I 1 
I 

i l  

VOLCANIC OR SCHIST (decomposed ) $3 
CLAY 52 
SHALE 
" - 

4.0 0.5 
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OBSERVATIONS, CONCLUSIONS AND RECOMMENDATIONS 54. 
1- 

4 . 2  Mile 17 South Deposits 

(i) Location and E x i s t i n g  Access (see Key Map) 

This group of three deposits is located  approximately 
2 . 5  miles south of Mile 17 of t h e  Hay River-Pine Poin t  
Highway (Hwy. No. 5 )  and is approximately 26 miles 
from the  Town of Hay River. 

1 
I 
I 
I 

Road access to the deposit is c u r r e n t l y  not available. 
However, access by tracked v e h i c l e  i s  possible on one 
of many seismic l i n e s  t h a t  cross the d e p o s i t .  

(ii) Regional Geology 

The entire southern shore of Great Slave Lake near Hay 
River, inc luding  the Mile 1 7  South study area, is under- 
l a i n  by flat-lying Upper Devonian sedimentary rock. 
T h i s  uniform buff-coloured, s l i g h t l y  dolomitized lime- 
s tone  is o v e r l a i n  by a cover of uniform ablation till 
deposited by t h e  receding  glaciers. The Hay River 
channel from Louise Fal l s  t o  near Enterprise exposes 
a clear section of this development. As t h e  glacial 
ice  retreated, the level of Great Slave Lake f e l l ,  
c r e a t i n g  a series of parallel shorelines on  the north-  
sloping terrain. 

The deposits of economic i n t e r e s t  are late-stage glacio- 
fluvial and glaciolacustrine features superimposed upon 
t h e  a b l a t i o n  till. 
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(iii) Geomorphology 

These  discontinuous east-west t r end ing  deposits 
resemble kames formed as t h e  stagnant  Lausentide 
ice s h e e t  melted. 

It i s  assumed that these   format ions  were depos i ted  
upon a gently undula t ing  or moderately r o l l i n g   a b l a -  
t i o n  till similar to t h a t  of the surrounding region. 
The cur ren t   and  wave a c t i o n   o f   p o s t - g l a c i a l  Great 
Slave Lake modified t h e  deposits to varying degrees. 
For example, the south-central por t ions   have   the  
h ighes t  elevations and were modified only s l i g h t l y .  
There is evidence t o  i n d i c a t e   t h a t   t h e s e   c o n t a i n  sand 
and gravel typical of kame deposits. The occurrence 
of a s u r f a c e  layer con ta in ing  numerous boulders (maxi- 
mum p a r t i c l e  size  3 '  d i a . )  prevented excavation and 
v e r i f i c a t i o n  of material type i n  numerous l o c a t i o n s .  

The lower east-west ex t r eme t i e s  and the nor th   f ac ing  
s l o p e s  of these deposits consist pr imar i ly  of strati- 
f ied   beach  deposits of sand and grave l .  

(iv) Groundwater Condit ions 

The Mile 17 South deposits are superimposed upon a 

relatively flat-lying till and f i n e  sandy till  plain 
exh ib i t i ng   imper fec t   d ra inage  and muskeg conditions. 
N o  distinct dra inage  channels, creeks or streams are 
proximate to these d e p o s i t s .  

T e s t  p i t s  were excavated in these d e p o s i t s  dur ing   win ter  
months: t h e r e f o r e ,  it was n o t  possible to accurately 
de te rmine   t yp ica l  summer groundwater table e l e v a t i o n s .  
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However, as described in  Section 4.1 (iv) , there is 
evidence t o  indicate  that the summer groundwater 
table elevation i n  the deposits will coincide w i t h  the 
surface elevation of t h e  surrounding  muskeg. Also, as 
described in Section 4.1 (iv) , it was  concluded that 
the summer to  winter  groundwater table fluctuation could 
range up to 4 or 5 feet  in elevation. 

(v) Vegetation and Wildlife 

Vegetation and wildlife observations were hindered by 
winter  conditions. However, all observations indicate 
conditions  similar to those described for  Mile 12 de- 
posits as outlined  in our  previous report. 

The undisturbed portion of the eskers contain a uni-  
form overstory of black spruce (pinus  mariana) 6-12'' dbh, 
40-45'h, w i t h  jack pine (pinus  banksiana)  8-15"dbh, 35-  
45 'h ,  together forming a 65-75% canopy. The higher por- 
tions  contain many windfalls, thus attesting to a l a c k  
of root fastness throughout  the sandy subsoils. 

The understory is predominantly caribou moss and grasses, 
w i t h  a few sedges and occasional wild rose (Rosa  spp.). 
The transition zone to muskeg is characterized by dense ly  
covered dwarf tundra bi rch  (Betula Glandulosa) in areas 
of permanent surficial wetness  and  leather-leaf 
(Chamaedaphne calyculator) and grasses. 

In areas of improved drainage, black spruce continues 
i n t o  the surrounding f l a t  areas; however, diameters 
are generally 4-8" only,  and the canopy is usually 
40% maximum. 



bird and hale 

4 .  OBSERVATIONS, CONCLUSIONS AND RECOMMENDATIONS 8 7 .  

Areas unde r l a in  by granular materials are generally 
characterized by a very open understory  which does 
not of fe r  s u f f i c i e n t  s h e l t e r  o r  food sources for  
small mammals. Although  squi r re l s ,  lynx, chipmunks 
and marten are r epor t ed  in t h e  gene ra l  area, l i t t l e  
direct  evidence of other wildlife, except  fo r  song- 
b i r d s ,  ravens and whiskey jacks, was found in the 
study area. 

Surrounding wetlands  with dense unders tory ,  better 
shelter and a greater variety of food sources provide 
a more sui table   environment  fo r  small rodent  and rep- 
til i a n  fauna. 

It should be noted that numerous caribou tracks and 
evidence of browsing were observed throughout the 
e n t i r e  Mile 17 South area and p a r t i c u l a r l y  on the 

deposits. Discussion with Mr. Andrew Forbes, Resource 
Management O f f i c e r ,  Northwest Land and Fores t   Se rv ice ,  
Hay Rive r ,   i nd ica t ed  t h a t  Woodlands Caribou are o f t e n  
s igh ted  i n  t h i s  general area. Therefore ,  it is assumed 
t h a t  these d e p o s i t s  serve as a winter  grazing area. 

Pit development to date has been restricted t o  d ry  
operat ions,  and this will likely cont inue  in the 
fu ture .   Therefore ,  careful management can help t o  
ensure  little d i s r u p t i o n   t h r o u g h   s i l t a t i o n  or destruc- 
t i o n  of surrounding muskeg areas. The very  nature of 
the soils discourages random vehicular access to t h e  
surrounding area. 



bird and hale 

(vi) Previous Development 

There i s  no evidence of aggregate ext rac t ion  in these 
deposits. 

( v i i )  Present Reserve Area 

The areal dimensions of these granular deposits are 
l i s ted  below: 

Deposit Approximate Length Average Width Approximate Area 
(meters) (feet) (meters) ( feet)  (hectares) (acres) 

HRl2 3A 1,500 5 , O00 82.5 275 12.7 31.5 

HR12 4A 3,150 10 , 500 120. O 400 39. O 96.4 

HR12 SA 1 , 425 4 , 7 5 0  67.5 225 LO. O 24 .5  

( v i i i )  Quality and Quantity of Aqsregate 

The g r a n u l a r  deposits have been divided into s e c t i o n s  
according to their potential for  specific aggregate 
uses. These sections have been numbered 1 to 11, in -  
c l u s i v e ,  on Dwg. N o .  HRS-3. The approximate area, 
average estimated depth of working face, estimated 
volume, p o t e n t i a l  use and c r u s h i n g   p o t e n t i a l  of each  
section appear i n  Table No. 2 .  

Due to the similarity of the M.T.C. specifications 
f o r  conc re t e  aggregate and Granular A material, all 
p o t e n t i a l  Granular A material may be upgraded to meet 
conc re t e  aggregate s p e c i f i c a t i o n s  as i nd ica t ed  i n  
Table No. 2 .  
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Due to the unpredictable topography of the underlying 
ablation till and  the  extreme  difficulty encountered 
in  excavating a large percentage of the test  pits on 
these deposits, it was not possible  to  accurately de- 
termine aggregate volumes. Thus, all volumes are 
best estimates and are conditioned as indicated  in 
Table No. 2 .  

It i , s  recommended that t he  excavation of five  addition- 
al t e s t  pits in the locations indicated on Dwg. 
No. HRS-3, to the underlying ablation till or  ground- 
water table, would permit considerable  refinement of 
the volume estimates. 

The test sampling could be conducted by personnel from 
the  Land Use Management  Branch, Hay River, under in- 
struction from our  firm,  regarding  sampling  procedures 
and recording of test pit logs. The samples could 
then be sent  to  our off ice  in  Toronto fo r  analysis. 
Finally, modification to the estimated volumes of 
material  could  be made. 
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TABLE W. 2 

pUALITATIVi3 AND QUANTITATIVE AtdALYSIS OF GR4NULAR MTERIAL 

Average Estimated Depth 
of Working Face Estimated (t4OX) Estirated(f-41)X) 

Sect ion vol- 
(See mg. Area 
-No- HRS-3 (Hectares) Winter Extraction  Extraction  Extraction 

Material  Requiring 

Sumer 
Required 

Winter Sumer Potential  to Meet Concrete Upqrading For 
Extraction 

Crushing 
Vollltne H i n i l a a i  Upgrading * 

Use Aggregate Specif icat ions Concrete  Aggregate Potential __ 

(ml ( f t l  (ml ( € t )  (la3 k / ( Y 2  1 Im3/yd3) 

1 10.6 1.8 1.2 14) 165,000/215,000 110,000/145,000 C X 

2 4.9 2.4 ( 8 )  1.5 (5) 1OO,OoO/l3O,OOO 6S,OOO/ 80,000 GF x 
3 1.7 3.0 (10) 2.4 (8 )  d5,000/ 60,000 35,000/ 45,000 A X Washing 6 screening X 

4 5.2 2.1 (a) 1.5 (5)  105,000/140,000 70.000,' 9Q,OOO 3 

5 - 7.7  1.5 ( 5 )  0.9 (3)  1OO,OOO/l3O,OOO 60,000/ 7 5 , 0 0 0  B X 

b 12.2 1.5 (5) 0.4 ( 3 )  160,000/210,000 95,000/125,000 C X 

7 1.7 2.4 ( 8 )  1.5 (5) 3S,oOO/ 45,000 25,OOO/ 35,000 - > Washin L screening X 

9 3.4 O. 9 (3) N/A W b  2 6 , m /  35,000 NJh H/A C 

8 2 . 3  - 0.9 ( 3 )  N/A M/h 20,000/ 26 ,000 H/h N/A GF X 

X 

-~ 
- 

10 5 .2  1 . 5  (5) 0.9 (31 70,000/ %,om SO,OOO/ 50,000 3 X 

1 1  9.5 0.9 t3 l  NJA N/A 75,000A00.000 Wh . C X 

* See Appendix C 

W 
O 
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A description of the individual deposits and some of t h e  
unique characteristics of each are outlined below: 

Deposit HRl23A 

This deposit  contains material which  satisfies  the spe- 
cifications f o r  use as Granular A and B material and 
general fill. 

The material in Section 2 is predominantly gravel and 
has been designated as general fill due to a high  

fines content  (18% wet  sieve). However, the existence 
of discontinuous st rata  containing a high  content of 
boulders (,maximum particle size 3 '  d ia . )  may necessi- 
tate the use of a rock or bas screen prior  to the 
use of this  material as Granular A or B. 

The larger boulders retained on the bars can be stock- 
piled fo r  crushing. Also, these boulders may be used 
f o r  other purposesl such as rip-rap, or gabion cons t ruc-  
tion  material. 

Sect ion  3 has the  highest  elevation  on  the deposit, 
and the  material is predominantly sand. 

The  proportions  of sand and gravel in Section 4 are 
h igh ly  variable, thus  the crushability of this  material 
also varies. The optimum use of this  material is 
Granular B. 
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(b) Deposit HR124A 

T h i s   d e p o s i t  i s  extremely complex,and the q u a l i t y  of 
t he  material varies greatly. 

The d iscont inuous  boulder (maximum particle s i z e  3 '  
d i a . )  stratum i s  more extensive i n  t h i s  deposit than 
in the Mile 1 2  South or t he  other Mile 17 South de- 
posits. The existence of this stratum may n e c e s s i t a t e  
t h e  use of a rack or bar screen to remove the boulders 
prior  to the use of t h e  granular material for  uses 
higher  than general f i l l .  The larger boulders retained 
on t h e  bars can be stockpiled and when there are enough, 
t hey  can be crushed. Also, these boulders may be used 

f o r  o ther  purposes such as r ip - r ap  or gabion construc- 
t i o n  material. 

Sections 5 and 10 consist predominantly of sand and 
are most s u i t e d  for use as  Granular B material. The 
material in Sections 6, 9 and 11 is designated as 
Granular C material. This material has a high content 
of boulders  (maximum particle size 3 '  dia.), Section 6 
c o n s i s t s  predominantly of gravel and 9 and 11 of pre- 
dominantly sand. 

Sect ion  7 ,  al though delineated at surface, occurs  as  
a subsurface stratum of sand and gravel. The d i f f i -  
culty encountered during excavation of numerous test 
p i t s  in the area prevented a deta i l ed  investigation of 
t h i s  d e p o s i t .  However, t h e  material is predominantly 
g r a v e l  and has a high p o t e n t i a l  fo r  Granular A. It 
will require   minimal   screening and washing to meet 
M.T.C. concrete a g g r e g a t e   s p e c i f i c a t i o n s .  
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The material in Sect ion  8 is designated as general fill 
due to an extremely high fines content (24% wet sieve). 

(c) Deposit HR125A 

Assessment of this depos i t  was outside the revised 
terms of reference. However, to provide  an accurate 
indication of the estimated volumes and quality of 
granular  material in the area, it was decided to inves- 
tigate  this deposit. Therefore, one test pit was ex- 
cavated and one elevation survey was conducted down the 
seismic line that crasses both small deposits. The 
results of laboratory tests indicate this  material to 
be predominantly gravel with a fines content of appro- 
ximately 10% (wet sieve). The optimum use f o r  this 
material  is  Granular C material. The topographic 
contours, and therefore volume determinations are 
based on limited survey information and airphoto in- 
terpretation. 
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63 VOLCANIC OR SCHIST (decomposed ) 

O *3 

1 r 1 



TYPE GRANULAR fi 
WEIGHT 5/6* CRUSHED '1. 

CORRKTION NO. TYPE 

1 

I 
CARBONATES ( s a n d y ,  medium hard  ) 21 
CAR80NATES (sandy ,  hard ) 2 

2 3 . 3  196.0 CARBONATES ( s l i ght ly  weathered ) 20 
44 */ 372.0 CARBONATES ( hard ) 

3 SANDSTONE ( h a r d  ) 25.0, 3 -0  

4 GNEISS - SCHIST ( h a r d  ) 
5 Q U A R T Z I T E  (coorse and fina groinrd ] 
6 GREYWACKE - ARKOSE ( h a r d  and medium hard ) 29.0 3.4 
7 
8 

VOlCANlC ( h a r d  and slightly woarhrred ) 

I I T R A P  9 
J 17.2 i450 GRANITE - DIORITE - GA88RO 

- 2 3  

SANDSTONE ( m e d i u m  hard  ) h 2 2  

CARBONATES CRYSTALLINE (hord ) 

""" 

TOTAL GOOD AGGREGATE 
' 9/*u 

24 
CO 

x 2 1 a 1 . 3  / / * O  CARBONATES CRYSTALLINE ( s l ight ly  weathered 1 

41 CP .. - . 

x 2  I CARBONATES ( s o f t ;  s l ight ly  s h a l e y  ) 

32 CARBON 
25 GNEISS I . , __ .  , . - .  
26 CHERT - CHERTY  CAR 

28 VOLCANIC ( s o f t )  x 2  I 
5 2  ENCRUSTATION I s=A.rs I X . d  I x 2  I 17.R 

I " '  

, 2 7  GRANITE - DIORITE , I 

I l 
TOTAL FAIR AGGREGATE 7.7 I 

43 

x 3  SI LTSTQNE 56 
x 3  SCHIST ( s o f t )  55 
x 3  CEMENTATIONS ( tota l  I 50  
x 3  CEMENTATIONS 53 
x 3  GRANITE - DIORITE - GABBRO ( f r iab le )  51 

7 -9 x 3  /. 3 / / . O  GNEISS ( friable ) 50 
x 3  CARBONATES  CRYSTALLINE [ s o f t )  39 

1 x 3  I VOLCANIC ( v e r y  soft, porous ) 48 
i x 3  , SANDSTONE ( soft friable 1 46 
I x 5  CHERT -CHERTY CARBONATES ( feoched ) 45 
1 CARBONATE5 (ochrsous ) 44 
I I CARBONATES ( s h a l e y  or clayey ) 

I 

I l 

TOTAL POOR AGGREGATE I /. 3 
60 

SHALE 61 
OCHRE 

63 [VOLCANIC OR SCHIST (decomposed ) 
CLAY 42 

1 



I I 
TOTAL FA1.P AGGREGATE 20.0 I 1 

13 CARBONATES ( sha ley  or daver ) 
.4 CARBONATES ( o c h r s o u s  ) 
IS CHERT - CHERTY CARBONATES [ laclchad) x 5  
.6 s A N D 5 T o N E  [ soft friable x 3  
18 VOLCANIC [ v e r y  soft, Porous ) x 3  
m9,CARBQNATES  CRYSTALLINE f s o f t )  I x 3  
O GNEISS ( f r iable)  / ' O  O - /  x 3  O - % .  
il GRANITE - DiORITE - GABBRO (fr iable)  x 3  
3 CEMENTATIONS x 3  
i4 CEMENTATIONS ( t 8 F O l  1 x 3  
i5 SCHIST ( soff 1 x 3  
b SILTSTONE x3 I 

, -  

I I L 1 I 
ITOrAL POOR A G G R E G A T E  

I I l l 

5 !VOLCANIC OR SCHIST (docomposed ) 1 I 
I I I 

HOT MIX,  MULCH AND /62.9 CONCRETE P. N. 51,'' C R U S H E D  P. N. 
CORRECTED GRANULAR A N 0  

131 o m t m  4 - n  



1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

7. DELETERIOUS 1. *lo= / L * o  
HOT MIX, MULCH AND 122. CORRECTED GRANULAR AND 
CONCRETE P. N. WSJ" CRUSHED P. N. 

3931 OBMTI+ 4-77 



" . 

TOTAL  POOR AGGREGATE O- 7 
60 
61 

OCHRE 

VOLCANIC OR SCHIST (drcomposad ] 4 3 ,  
CLAY 62 
S H A L E  

I 
I 



105. 
wmauyot 
Tmmcwalrqn ana 
Commm.-a COARSE AGGREGATE  PETROGRAPHIC ANALYSIS 

Onrum 

YPE 
UR* CRUSHED v. w a m r  TYPE v O. 
GRANULAR & 

CORRXTION 
"" 

1 

TRAP 9 
26.1 170 GRANITE - DlQRlTE - GABBRO 8 

VOLCANIC ( h o r d  and s l i g h t l y   w e a t h r r a d  ) 7 
3 .7  24 GRCYWACKE - ARKOSE ( h a r d  and m e d i u m  hurd ) 6 

QUARTZITE (coarse and fins grrrinod ) 5 
GNEISS - SCHIST ( h a r d )  4 

I SANDSTONE [ m e d i u m  hard ) 22 
SANDSTONE ( h a r d  ) 3 

I CARBONATES CRYSTALLINE ( h a r d  I 23 
CARBONATES ( s a n d y ,  m e d i u m  h a r d  ) 21 

I *  CARBONATES ( s a n d y ,  hord ) 2 
I 6 .  / -43 CARBON,ATES ( s l i g h t l y   w e a t h e r e d  ) 20 

4;LR.R- '318 CARBONATES ( hard ) 

I 1 I 

TOTAL COO0 AGGREGATE 

2.8 rg  CARBONATES (deep ly  w e a t h e r e d  ) 4 2  
* 2  CARBONATES ( s a n d y ,  s o f t  and s o f t   p i t t e d  ) 41 
x 2  CARBONATES (so f t  ; s l i g h t l y  shaley ) 40 
x 2  CARBONATES CRYSTALLINE ( s l i g h t l y  w e a t h e r e d  j 24 

w 4 . 7  

2 5  GNEISS ( s o f t  1 SCHIST ( m e d i u m  h a r d )  * 2  
26 x 
27 GRANITE - DIORITE - GA88RO ( b r i t t l e )  , x 2  
28 VOLCANIC ( s o f t )  

x 2  ARGllLlTE 29 
24.2 x 2  12.1  79.0 ENCRUSTATION 52 

* 2  

I 

" 

x 2  
I 

I l - 
TOTAL FAIR AGGREGATE / 4 - 9  I I 

43 

x 3  SILTSTONE I 56 
. x 3  SCHIST ( s o f t  1 55 

x 3  CEMENTATIONS ( m a l  1 Sd 
x 3  .CEMENTATIONS 53 
x 3  GRANITE - DIORITE - GABBRO ( f r iable)  51 
x 3  ,GNEISS ( Frtablo ) 50 
x 3  CARBONATES  CRYSTALLINE I s o f t )  S9 
x 3  VOLCANIC ( v e r y  raft ,  p o r o u s  ) 48 
* 3  SANDSTONE ( soft friable ) 44 
X 5  CHERT - CHERTY CARBONATE5 ( l a a c h r d  1 45 

CARBONATES ( a c h r a o u s  ) 44 
CARBONATES ( shaley or clayay ) 

I 
TOTAL POOR AGGREGATE 

60 

VOLCANIC OR SCHIST (decomposed ) 63 
CLAY 62 
SHALE 61 

I 0.5 3 OCHRE 

I I f 

TOTAL DELETERIOUS AGGREGATE 149.5 
1 

Y. GOOD 8 . e .  x 1 = x TOTALS 1652 1 24.2" 

7'. DELETERlOUS O.5 *IO= a 
HOT MIX, MUCCH AND CORR'ECTED GRANULAR AND 
CONCRETE P. N. 51%" CRUSHED P. N. 

911 m w a +  4-77 



I DRY SIEVING I 
Mass 1 Percent I Cumulative 

/Sieve No* 1 Retained Retained % Passing 

TEST PIT LOG 
E S T  Plf LOCATION ( S E E  DWG NoHRS 2 6: 

GRANULAR A. 6 & C M.T.C. SIEVE SERIES 



107. . 

DRY SIEVING I 1 Mass 
Sieve  No* Retained I Retained Percent I ?!a Passing 

Tota,ls , '  1579-Q I /oo*o I 

GRAIN SIZE DISTRI BUTION CURVE 

TEST PIT LOG 
E S T  PIT LOCATION (SEE DWG NoHRS 2 b3 

GRANULAR A, 8 & C M.T.C. SIEVE SERIES 



108. 

I I 

TEST PIT LOG 
m r  PIT LOCATION ( S E E  PWG NOI-IRS 263 



109 

TEST PIT LOG 
EST ptr LOCATION (SEE DWG NOHRS 2 8 :  

GRAIN SIZE DISTRIBUTION CURVE , 
.a11111 sampkz ma/+ 

GRANULAR A, B & C M.T.C. SIEVE SERIES , Il 



DRY SIEVING 

GRAIN SIZE DISTR 

GRANULAR A, B 8 C 

I TEST PIT LOG I 



111. 

1 SAMPLE .....m. 50 ........... DATE . ~ ~ ~ ~ . . ~ . ~ ~ ~ . . . . . .  NAME + . . .  %:.e(!% . . . . .  + . . . .  - 1  

I TEST PIT LCG I 

I * '  

I 
I 
1 
1 



112. 

I DRY SiEVING I 
Ma 55 I Percent 1 Cumulative 1 Sieve No- 1 Retained Retained % Passi n g  

GRAI'N SIZE DISTRIBUTION CURVE 
111111 

TEST PIT LOG 
E S T  PIT LOCATION (SEE DWG NoHRS 2 a3 



113. 
I 1 

I SAMPLE .....r ?..52........... DATE . ~ P ~ ~ . . ~ , . A ~ 7 ~ . . . .  NAME . . .  N*.P::.mOQE. . _  . ..I 

I 1 

I . .  DRY SIEVING I 
Mass 1 Percent 1 Cumulative 1 No- 1 Retained Retained . % Passing 

GRAIN SIZE DISTRI BUTJON CURVE 

TEST PIT L W  
E s t  PIT LOCATION (SEE: OWE NOHRJ 2 e3 
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TEST PIT LOG 
EST PIT LOCATION (SEE DWG NOHRS 283 

. .. 



115. 

I l 

TEST PIT LOG 
EST PIT LOCATION (SEE DWG NoHRS 2 83 



r 116. 

I l 
I 

". . . . 

GRANULAR A, 8 & C M.T.C. S IEVE SERIES 



117. 
I 

SAMPLE ... Tp36 fi............ DATE ... P ~ ~ ' ~  ...,. / Y ~  ~ . . . .  NAME .. " X :  .MCME.. . . . .  .. 

I DRY SIEVING I 
Mass I Percent 1 Cumulative I S i e v e  No* I Retained Retained % Passing 



118. 

. * . . . . . . +. 

DRY SIEVING TEST PIT LOG 

t , I I  

4 43 *4 460.9 I 26 .O I I  

G RAIN SIZE DISTRI BUT 

GRANULAR A. B & C M.T.C. 



I SAM PLE ... x?. 59.4.. . .. . .. DATE. - APEA4. S.,. /W,, . . . NAME. + . R: .!?l4L. . . . . . . . . .. 1 

I DRY SIEVING i TEST PIT LOG 
. . " 

EST PIT LOCATION (SEE DWO NOHRS 2 e3 



I SAMPLE ..T p.s:9.B. .....,..... D A ~ . A ~ ~ P / L . . . ~ , . ( 3 7 R . . . .  NAME ... R:.H/Lf. . . . . . . . . + .  I 

.. DRY SIEVING TEST PIT LOG 
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I SAMPLE .....T P..  60 .......+... 0ATz.A~ ~ ~ ~ . .  ~:,/97~ ..... NAME . . .  R:.M4L. . . _ . _  . _ .  _. I 

TEST PIT LCG 
EST PIT LOCATION (SEE DWG NOHRS 2 e3 

GRAFN SIZE DISTRIBUTION CURVE , 

11111 samp/e am/+ 

GRANULAR A, B & C M.T.C. SIEVE SERIES 
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I DRY SIEVING I 
1 Mass 1 Percent 1 Cumulative 1 Sieve No* Retained Retained. % Passi n a  

TEST PIT LOG 

GRAIN SIZE DISTRIBUTION CURVE , 



DRY SIEVE ANALYSIS ANQ TEST P i f  LOGS 
SAMPLE ...... ???..M...........  DATE..^^^^..^^/^^^^... NAME ... P4:R:..W.*.*g.C. * .  .. 

I DRY SIEVING I 1 Percent E TEST PIT 
PIT LOCATION (SEE DWG NoHRS 2 83 



124. 

. .  DRY SIEVING 
I I 1 



1 
125. 

r--- I 

I DRY SIEVE ANALYSIS AND TEST PIT LOGS I 
1 SAMPLE ....T&. 6 5  ........... DATE . . ~ ~ ~ ~ ~ . . ~ ~ . / 5 ~ . . . . .  NAME . . .  W.K:(YPP&.. . . .  * .  

I I 

I 

I DRY SlEVl NG I l TEST PIT LOG 



I SAMPLE ..... ???..d5............. DATE ..~~~~~.~,./a78.... NAME . . .~~./1 ' . / .  ~ L . . . . . . . . . .  I 

I .. DRY SIEVING I 

1 Mass I Percent 1 Cumulative 1 Sieve No* Retained Retained- % Passi n s  

GRAIN SIZE DISTRIBUTION CURVE , 

11111 

TEST PIT LOG 

O' 

GRANULAR A, B & C M.T.C. SIEVE SERIES 
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r I 

1- .. DRY SlEVl NG I I TEST PIT LOG 

10 



I bird and hale 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
D 
1 
I 
I 
I 
I 

128. 

(X) GROUND PHOTOGRAPHS 

(Mile 17 South)  
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bird and hale Itd. AIRPHOTO INTERPRETATION 

BIOPHYSICAL INVENTORY AND 

CONSULTING  ENGINEERS AND BIOLOGISTS ENVIRONMENTAL ASSESSMENT 
REFUSE AND SOLI0 

1263 BAY STREET WASTE SYSTEMS 
TORONTO, ONTARIO 
M5R 2C1 REMOTE SENSING 

4 16-925- 1 1 47 

S.J. GLENN BIRD. MASc. .  P.Eng., 0.L.S. MEMBER: Association of 

IAN M. HALE, M.A.Sc., P.Eng. Consulting Engineen of Canada 

Re: Construct ion Cost Estimates f o r  All-weather 







































154. 

APPENDIX A 

TERMS OF REFERENCE 



. -  

'Ihe Ikparbmt of Indian Affaixs and N o r t h e m  Dsvebpimnt camnissioned a granular 

raterials assesrnt of the active pit areas at miles 12, 21 and 31 of 
MfF highay No. 5 in 1977-78. ' T h e  consulQnt'5 report not  only proviM 
i n fama t ion  on 'the quantity and quality of mterial in these areas but 
provided recarredations for l iwce ,  developrent and rehabilitation 
procedures, ~m reprt a l i a  pointed out that: once the iimitea amunt 
of f i n e  agcpqate at mile 12 was &plet&, the nearest knm source of such 
material tmuld k at the mile 31 pit .  Accordingly it ,=S. decided ' t ~  - 
u~der+"Ls an assessrent OS the quality and quantity of 'mterial  h the five 
structures s'ou31 of the current mile 12 pit(it2antified in the 1973  Ripley, . 

Klohn and Imnoff rep& as HR - 108 to KR 112 inclusive) I . 

. .  

. .  

'k.rms of Reference . . 

Th2 principle objective of this study will be tn detemine ,the feasibiliq of. 
u p n i n g  up this complex for granular mtcrial extraction, .In addition to an' 
z s s e s m t  of the  quality and quantity OZ granular materials amilable . 

in the ccx~$ex, the deparbwnt is lmkimg for recarmndations on.a?thml 
strategy for the orderly dewlogrent and restoration of the ccmpl& 
?be contractor should pay spxial attention to the access to this &ea fmn 

previous reprt , '  " G r a n u l a r  Paterial Assessmmt, Pine Point '  Highway, Hay River, 

hW" * 
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APPENDIX B 

SAMPLE TESTING PROCEDURES 

AND AGGREGATE QUALITY SPECIFICATIONS 

158. 
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160. 

Standard Methods of 
SAMPLING AGGREGATES' 

iast napprival. ' 

1. Scope 
1.1 These methods cover sampling of coarse 

and fine aggregates for the following purposes 
(Note I):  i 

1.  I .  I Preliminary investigation of the poten- 
tial source of supply, 

I .  1.2 Control of the product at the source of 

1.1.3 Control of the operations at the site of 

1.1.4 Acceptance or rejection of the ma- 

supply, 

use, and 

terials. 
NOTE I-Sampling plans and acceptance and 

control tests vary with the  type of construction in 
which the material is used. The preliminary  investi- 
gation und sampling of potential  aggregate sources 
and types  occupies a very  important place in deter- 
mining  the avwlability and suitability of the largest 
single  constituent  entering  into the construction. It 
influences the type of construction from the stand- 
point of economics and governs the necessary mak-  
rial control to ensure durability of the resulting 
structv from the aggregate standpoint. 

2. Applicable Documents 
2.  I ASTM Standards: 
D 2234 Collection of a Gross Sample of 

E 105 Recommended Practice for Proba- 
bility Sampling of MaterialsJ 

E 122 Recommended Practice for Choice of 
Sample Size to Estimate the Average 
Quality of a t o t  or Process' 

E 141 Recommended Practice for Accept- 
ance of Evidence Based on the Results of 
Probability Sampling' 

Coal' 

3. Securing Samples 
3. I General: 
3.1. I Sampling is equally as important as 

the testing, and the sampler shall use every 
precaution to obtain samples that will show 
the true naturc and condition of the materials 
which they represent. 

This Standard ir issucd under tho Bxcd designation D 75: :he nurnbcr immediately following the drsipnatiun indicates thu 
war of orininal ndootion or. in the case of ruvision. the Year of last raviion. A number in pnrcnthem indifates the year of 

3.1.2 Samples for preliminary investigation 
tests are obtaintd by the party responsible for 
development of the potential source. Samples 
of materials for control of the production at 
the source or control of the work at the site OF 
use are obtained by the manufacturer, con- 
tractor, or other parties responsible for ac- 
complishing the work. Samples for tests to bc 
used in acceptance or rejection decisions by 
the purchaser are obtained by the purchaser 
or his authorized representative. 

3.1.3 Where practicable, samples to be 
tested for quality shall be obtained from the 
finished product. Samples from the finished 
product to be tested  for abrasion loss shall 
not be subject to further crushing or manual 
reduction in particie size in preparation for 
the abrasion test unless the size of the finished 
product is  such that it requires further re- 
duction for testing purposes. 

3.2 Inspection: 
3.2.1 The material shall be inspected to 

determine discernible variations. The seller 
shall provide suitable equipment needed for 
proper inspection  and sampling. 

3.3 Sampling: 
3.3.1 Sampling from the Conveyor Belt- 

Select units to be sampled by a random 
method from the production. Obtain at least 
three  approximately equal increments. SC- 

lected at random, from the unit  being sam- 
pled and COmbinE to form a field sarnplc 
whose mass equals or cxcecds the minimum 
recommend& in 3.4.2. Stop the conveyor belt 

Committee D-4 011 Road and Paving Materials and is thc 
' T h i s  specificntion is under thc jurisdiction of ASTM 

direct responsibility of Subcommittee W4.30 on Methuds 
of Sampling. 

Current dit ion efkctivc Nov. 22, 1971. Originally ir- 
sucd 1920. Kepl<tCt$ D 75 - 59 (1968). 

~ ~ n n u u l B o o k o j A S T h I S t u ~ ~ ~ ~ s . P ~ r t s 1 5 a n d 4 1 .  
Annual Book of ASTM Standwds, Part 26. 

Annual Book o/ASTM Standards, Part 41 I 

52.5 
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45b 
while the  sample  increments arc being ob- 
tained.  Insert  two templates,  the  shape  of 
which conforms  to  the  shape of the belt in the 
aggregate  stream on the belt, and space them 
such  that  the  material  contained  between 
them will yield an increment of the required 
weight. Carefully SCOOP all  material between 
the  templates  into a suitable  container  and 
collcct the fines on the belt with a brush and 
dust pan and  add to the  container. 

3.3.2 Sampling from a Flowing Aggregate 
Sfreurn (Bins or Belt Dischorge)-Select units 
to bo sampled by a random method from  the 
production.  Obtain  at least threc approxi- 
mately equal increments,  selected at  random 
from  the unit being sampled, and combine to 
form a field sample whose mass equals or 
exceeds  the  minimum recommcndcd in 3.4.2. 
Take  each increment from  the  entire  cross 
section of the material as it is being dis- 
charged. It is usually necessary to have a spe- 
cial device constructed for use at each  partic- 
ular plant.  This device  consists of a pan of 
sufficient size to intercept the  entire  cross sec- 
tion of the  discharge stream and hold the re- 
quired  quantity of material without over- 
flowing. A set of rails  may be necessary to 
support  the  pan as it is passed under the dis- 
charge  stream.  Take  samples only  from  bins 
that  are full, or nearly so, to minimize the 
chance of obtaining segregated material. 

NOTE 2-The un i t  selected For sampling should 
not include the initial discharge from a conveyor or 
newly filled bin. 

3.3.3 Sampling from Stockpiles-Avoid 
sampling from stockpiles whenever possible, 
particularly when the  sampling is donc for the 
purpose of determining  aggregate  properties 
that  may bc dependent upon the  grading of 
the  sample.  If, on the other  hand, circum- 
stances make it mandatory  to obtain samples 
from a stockpile of coarse  aggregate or a 
stockpile of combined  coarse  and fine aggrc- 
gate, design a sampling plan for the specific 
case under Consideration. This approach will 
allow the sampling aeency  to use a sampling 
plan that will give a confidence in results ob- 
taincd therefrom  that is agreed upon by all 
parties  concerned  to be acceptable  for the 

3.3.4  Sampling from Roadway (BOSH and 
Subbases)-Sample units  selected by a ran- 
dom  method from the construction. Ob- 

' particular  situation. 

O 75 

tain at  least  three  approximately  equal incrc. 
ments,  selected at  random [rom the unit being 
sampled,  and  combine  to  form a field sample'- 
whose mass  equals or exceeds the minimum 
recommended io 3.4.2. Take  all increments 
from  the roadway  for the full depth of the' 
material,  taking  care  to exclude  any under. - 

lying material.  Clearly,mark  the specific arcas- 
from which each increment is to be removed; 
a metal template placed over  the  area is a der---: 
inite aid in securing approximately  equal in-- 
crernent weights. 

3.4 Number und Mosses oJFiefd Snmples:. . '  

3.4.1 The  number of field samples (ob- 
tained by one of the methods described in 3.3) , .  
required depends on the criticality of, and 
variation in, the properties to be measured. 
Designate  each unit from which a field sample 
is to be obtained prior to sampling. The 
number of field samples  from  the production 
should be sufficient to give the desired confi- 
dencc in test results. 

NOTE 3-Guidance for dqtermining the number 

confidencc in test results muy be found in Method D 
of samples required to obtaln the desired level of 

2234, Recommended Practicc E 105, Recom- 
mended Practice E 122, and Recommended Prac- 
tice E 141. 

3.4.2 The field sample  masses cited are tcn- 
tative. The masses must be predicated on the 
type and  number of tests to which the  mate- 
rial is to be subjected and sufficient material 
obtained to provide for  the  proper execution 
of these tests. Standard  acceptance  and con- 
trol  tests  are covered by ASTM standards 
and specify the portion of the field sample 
required  for  each  specific  test,  Generally 
speaking, the amounts specified in Table 1 
will provide adequate  material for  routine 
grading  and quality analysis. Extract  test por- 
tions from the field sample by splitting or 
other  appropriate methods. 

4. Shipping Samples 
4.1 Transport  aggregates in bags or other 

containers so constructed as  to preclude loss 
or  contamination of any part of the  sample, 
or damage  to  the  contents  from mithandlin: 
during  shipment. 

4.2 Shipping  containers for aggregate sam- 
ples shall have suitable individual  idcntifica- 
tion attached and enclosed so that field re- 
porting, laboratory logging, and test reporting 
may be facilitated, 

," . I  
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TABLE I Size of SnrnplsJ 

Maximum Nominal Minmum Mass 
Skc of AggreSutw' of Fiold Samples. 

Approximate 

Ib 

Fins Aggregate 

No. 8 (2.36 mm) 25 (IO) 
No.4 (4.75 mm) 2s (IO) 

y/a in. (9.5 mm) 
h in. (12.5 mm) 
% in. (19.0 mm) 
I in. (25.0 mm) 

2 in. (50 mm) 
I YI in. (37.5 mm) 

2Y2 in. (63 mm) 
3 in. (75 mm) 
3 yl in. (90 mm) 

25 (IO) 
3S (15) 
55 (25) 
I I O  ($0) 

220 (100) 
165 (75) 

275 (125) 
330 (150) 
385 (175) 

of pnrticlca is the larpot sicvs sim listed in the  applicable 
'For processed aggregate the muximum nominal size 

specification. upon which any material u prrniucd to bs 
retained. 

bas4 or subbnse) minimum weight shall be coarse agsrw- 
' For combined war= and fino aggregates (for example. 

gate minimums plus 25 Ib (10 kg). 

with, and the American Smiery for Taring and MRIW~UIS L e s  not undertuke IO insure anyone utiliring rht standard 
8 y  publication O/ this stundard no posirfon is taken with res ect lo the validity o/any potent right$ in eonnrction rhrre- 

agrrin?t liability/or f#/iittgernmt of any Letters Patcnr nor assume any such liability. 

527 . 



8 
P 
1 
1 
O 
I 
I 
8 
8 
I 
t 

' t  

4ITb L-d ANSVASTM Cl36 - Y6 ' Amerlcan Association State 
Highway and Tronaponatbn Officlah Standard 

MSHTU NO,; T 27 

Standard Test Method for 
SIEVE OR SCREEN ANALYSIS OF FINE AND 
COARSE AGGREGATES' 

This Standard is i s s u d  under  the fixed designation C 136: the number immcdi;ltely followinR the designation indicates the 
ycar of original adoption or. in the case of revision.  the ytar OF Inst revision. A number in parentheses indicates the year of 
last rClpp6VUl. 

1. scope 
1.1 This method covers the determination 

of the particle size distribution of fine and 
coarse aggregates by sieving or screening. 

2. Summary of Method 

2.1 A weighed sample of dry aggregate is 
separated through a series of sieves or screens 
of progressively smaller openings for determi- 
nation of particle size distribution. 

3. Apparatus 
3.1 Balance-A balance or scale accurate 

within O. 1 percent of the test load at any point 
within the range o f  use. 

3.2 Sieves or Screens-The sieves or 
screens  shall be mounted on substantial 
frames constructed in a manner that will  pre- 
vent loss of material during sieving. Suitable 
sieve sizes shall be selected to furnish the in- 
formation required by the specifications cov- 
ering the material to be tested. The sieves 
shall conform to ASTM Specification E 1 I ,  
for Wire-Cloth Sieves for Testing Purposes.? 

3.3 Oven-An oven of appropriate size 
capable of maintaining a uniform temperature 
o f 2 3 0 + 9 F ( l l O k 5 C ) .  

4. Test Sample 
4.1 The sample of aggregate to be tested' 

for sieve analysis shall bo thoroughly mixed 
and reduced by use of a sample splitter or by 
quartering (Notz I )  to an amount suitable for 
testing. Fine aggregate shall be moistened 
before  reduction to minimize segregation and 
loss of dust. The sample for test shall be ap- 
proximately of the weight desired when dry 

and shall be the end  result of  the reduction 
method. Reduction to an exact predetermined 
weight shall not be permitted. 

NOTE I-The process o f  quartering and the cor- 
r~ct use of B sample splitter  are described in the 
"Manu$ of Concrete Testing."' 

4.2 Fine Aggregate-The  test sample of 
fine aggregate shall weigh, after drying, ap- 
proximately the follo,wing amount: 
Agsreptc with at least 95 percent pussing a 1 0 0  g 

Aggnpte with at lcasr 85 percent passing a 500 g 
No. 8 (2.36-mm) sieva 

mnt retained on a Nu. 8 sieve 
No. 4 (4.75-mm) siavc  and marc than 5 per- 

I n  no case, however, shall the fraction re- 
tained on any sieve at the completion of  the 
sieving operation weigh more than 4 g/in.' of 
sieving surface. , 

NOTE 2-This amounts to 200 g for  the usual 8- 
in .  (203-mm) diameter sieve. The amount of matr- 

by ( I )  the introduction of a larger-opcniny sieve 
rial re:ained on the critical sieve may be regulated 

of a sample o f  proper site. 
immediately above the  critical sieve, ot (2 )  selection 

4.3 Course Aggregate-The  weight of the 
test sample of coarse aggregate shall conform 
with the following: 

Maximum Nominal Size. Minimum Weight of 
Square  OpeninEs, in. Sample. kg 

(mm) 
3/n (9.5) 
'A (12.5) 
ah (19.0) 

2 
4 
8 

163. 

mitteo C-9 on Concrctc And Concrete Aggteptcrs and is 
'This method is under the jurisdiction of ASThl Com- 

the direct resDonsibility uf Subcommifter C OY.03.05 on 

actcrislics of Concrete Apgrcxdtes. 
Mrrhodv of Testing and Specifications l'or Physical Char- 

Currcnt edition approved Sept. 24, 1976. Published 

Last previous edltlon 8 136 - 71. 
November 1976,. ,On innlly published as C 136 - 38 T. 

An~ulll  Book ofASTM Smndarrlr, Parts 14 and 15. 
Annual Book o/ASTM Standardr, Parr 14. 
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Minimum Weight or 
Sample, kg 

12 
16 
20 
25 

70 
45 . 

in frames of 16-in, (406-mm) diameter or larger be 
NOTE 3"lt is recommended that sieves mounted 

used for testing coarse aggregatc. 

4.4 In the case of mixtures of line and 
coarse aggregates. the material shall be sepa- 
rated into two sites on thc No. 4 (4.75-mm) 
sieve. The samples of fine and coarse nggrc- 
gate shall be prepared in accordance with 4.2 
and 4.3. 

5. Procedure , 

5.1 Dry the sample to constant weight at a 
temperature of 230 * 9 F ( 1  IO 5 C). 

5.2 Nest the sieves in order of decreasing 
size  of opening  from top to bottom and  plqce 
the sample on the top sieve. Agitate the  sieves 
by hand or by mechanical apparatus for a suf- 
ficient period, established by trial or checked 
by measurement on the actual test sample. to 
meet the criterion for adequacy of  sieving 
described in 5.3. 

5.3 Continue sieving for a sufficient  period 
and in such manner that,  after completion, 
not more than 1 weight  percent  of the residue 
on any  individual  sieve will pass that sieve 
during 1 min of continuous hand  sieving  per- 
formed as follows:  Hold the individual sieve. 
provided  with a snug-fitting pan and cover, in 
a slightly  inclined  position in one  hand. Strike 
the  side of the sieve sharply and with an up- 
ward motion against the heel  of  the other 
hand at the rate of about 150 times/min, turn 
the sieve about one sixth of a revolution at 
intervals of about 25 strokes. In determining 
sufficiency  of sieving for sizes larger than the 
No. 4 (4.75-mm) sieve, limit the rnaterial on 
the  sieve to a single layer of particles. I f  the 
size of the mounted testing sieves makes the 
described  sieving motion impractical. use %in. 
(703-mm) diameter sieves to verify the suftï- 
ciency of sieving. 

5.4 Dry  sieving alone is  usually satisfactory 

89 
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for routine testing of normally graded aggre- 
gates. However, when accurate determination 
of the total amount passing the No. 200 (75- 
Pm) sieve  is  desired.  first test the sample in 
accordance with ASTM Method C 117, Test 
for Materials Finer than No. 200 (75-pm) 
Sieve in Mineral Aggregates by Washingz 
Add the percentago  finer than the No. 200 
sieve determined by that method to the per- 
centage passing  the No. 200 sieve by dry siev- 
ing of the same sample. After the f ind drying 
operation in Method C 117, dry-sieve the 
sample in accordance with 5.2 and 5.3. 

5.5 Determine the weight  of each  size in- 
crement by weighing  on a scale or balance 
conforming to the requirements specitïd in 
3.1, to the nearest 0.1  percent of the weight  of 
the sample. 

6. Calculation 

6.1 Calculate percentages on the basis of 
the total weight  of the sample, including any 
material finer than the No. 200 sieve detcr- 
mined in accordance with Method C I 17. 

7, Report 

7.1 The report shall include the following: 
7.1.1  Tot31 percentage of, material passing 

each  sieve, or 
7.1.2 Total percentage of material retained 

on each  sieve, or 
7.1.3 Percentage of material retained be- 

tween consecutive  sieves, depending upon the 
form of the specifications for use of the mate- 
rial under test. Repon percentages to the 
nearest  whole number, except for the per- 
centage passing the No. 200 ( 7 5 - ~ m )  sieve, 
which shall be reported ta the nearest 0.1 per- 
cent. 

8. Precision 

8.1 For coarse aggregate with a nominal 
maximum  size of %-in. (19.0 mm) the pre- 
cision indexes are given in Table 1 ; the values 
are given for different ranges of percentage of 
aggregate retained between two consecutive 
coarse aggregate sieves: 



8 
I 

165. 

1 
8 
I 
1 
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Fraction Between Coefficient of Standard 

Coarse Aggregate 
Two Consccutive Variation (IS%), Deviation (IS). 

Porcento  Percent' p c ~ ~ ~ \ $ ~  (02s) Pcrwnt. 
S i i v e %  

Percent in Size Difference  Between Two  Tests 

"- - " 

Multikborntory 0 KO 3 35 - 99 - 
3 to 10 - 1.2 - 3.4 

10 to 20 - 1.7 I 4.8 
20 to 50 2.2 6.2 

SiglcOperator O 10~3 30 - as 
3 to 50 - 1.4 - 4.0 

- 

C 670 for Preparing Precision SUtcrnonts for Tc3t Methods for Construction Makriak3 
ThWC numbon nprcmt,  respaiwly, the (1s) Md (02s) limits a described in ASTM Recommended Racticc 

Thcw numben represent. mspclivoly. the (I$%) and (Da%) limiuaadescribod in Recommended Practice C670. 

" 

in connrcrion with any itrm mtrttioned in this standard. Users of this standard are expressly advisrd that drtcmtinution 
f i r  American Soclrty for Terting and Mutrriala rakes no position reapccting tht validlry of any patent r l h u  asssntd 

of tikc vuUq of any such parsnt rights, and t h  risk of it&a#amenr of suck rights, is cntircly their own rQjponsibiliry. 
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Standard Test Method for 

IN MINERAL AGGREGATES BY WASHING’ 
MATERIALS FIMZR THAN NO. 200 (75-pm) SIEVE 

This Standard is issued under the I i x d  da~ignation C 1 1 7 :  tht number immediately following the desi@na!ion indicates the 
year of original adoption or, in the CU of revision. the year oClau revision. A number In parenthas Indicates the year of 
ivst reappr6vd. 

1. Scope 
1.1 This method covets  determination of 

the  amount of material finer than a No. 200 
(75”m) sieve in aggregate by washing. Clay 
particles  and  other  aggregate  particles  that 
arc dispersed by the wash water as well as 
water-soluble materials also will be removed 
from the  aggregate  during  the test. 

2. Summary of Method 
2.1 A sample of the  aggregate is washed in 

a prescribed manner and the decanted wash 
water  containing suspended and  dissolved 
materials is passed through a No. 200 (75- 
pm) sieve. The loss in weight resulting  from 
the wash treatment is calculated as weight 
percent of the original sample and is reported 
as the  percentage of material finer than a No. 
200 (75-pm) sieve by washing. 

3. Apparatus 
3.1 Bufuncc-A balance or scale  accurate 

within O. I percent of the  test load at  any point 
within the range  of use. 

3.2 Sieves-A nest of two sieves, the: lower 
being a No. 200 (75-pm) sieve and  the upper 
a No. 16 (1.18-mm) sieve, both  conforming to 
the  raquiremcnts of ASTM Specification E 
11, for Wire-Cloth  Sieves for Testing  Put- 

3.3 Container-A pan o r  vessel of a size 
sufficient to  contain  the sample covered with 
water and to permit  vigorous  agitation 
without loss of any part of the  sample or 
water. 
3.4 Oven-An oven of sufficient size, ca- 

pable of maintaining a uniform temperature 
o f 2 3 0 + 9 F ( I l O i 5 C ) .  

poses.? 

69 

4. Test Specimen 
4.1 The sample of the  aggregate to  be 

tested shall be thoroughly mixed and reduced 
by use of a sample splitter  or by quartering 
(Note I )  to an amount  suitable  for testing. 
The aggregate shall be moistened before re- 
duction to minimize  segregation and loss of 
dust, and  the test  specimen  shall be the end 
result of the reduction  method. The weight of 
the test  specimen, after  drying,  shall  conform 
with the following: 

Nonlinal Maximum Size Minimum Wcight, g 
No. 8 (2.36 mm) 1 0 0  
No. 4 (4.75 mm) 500 
j, in. (9.5 mm) 
94 in. (19.0 mm) 2 5 0  
I55  in. (37.5 mm) or larger 5 0 0 0  

Reduction to an exact predetermined weight 
shall not be  permitted. 

ftct use of a sample splitter arc discussed in the 
NOTE \--The process of quartering and the cor- 

“Manual of Concrete Testing.”’ 

5. Procedure 
5.1 Dry  the  test  specimen  to  constant 

weight at a temperature of 230 9 F (1 IO & ’ 
5 C) and weigh to the  neartst 0.1 percent of 
the weight of the specimen. 

5.2 After  drying  and weighing, place the 
test  specimen in  the container  and  add suffi- 

‘This method is under the juridiction of ASTM Com- 
mitt- C-9 on Consrac and Concterr Aggrqpta  and IS 
the direct responsibility of ,Subcornmitt= C09.03.05 on 

teristics of Concrete Aggregates. 
Methods of Testing and Specifications for Physical Charac- 

Cumnt edition approved Sep!. 24. 1976. Published 

Last previous edition 8 1 I{- 69. 
November 1976. On inall publlshcd as C 117 - 35 T. 

41. 
‘Annual Book of ASTM Srandad,  Parts 14. 15, and 

‘Annual Book ofASTM Smndardc. Part 14. 

166. 
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SST b 
cicnt water to cover it (Note 2). Agitate the 
specimen with sufficient vigor to result, in 
complete separation of all particles finer than 
the No. 200 (75-pm) sieve from the coarser 
particles, and to bring the fint  material into 
suspcnsion. Immediately pour the wash water 
containing the suspended and dissolved solids 
over the nested sieves, arranged with the 
coarser sieve on top. Take care to avoid, as 
much as feasible. the decantation of coarser 
particles of the samplc. 

NOTE 2-No detergent, dispersing agent. or 
other substance shall he added to the water. 

5.3 Add a second charge of water to the 
specimen in the container, agitate, and decant 
as before. Repeat this operation until the 
wash water is clear. 

5.4 Return all material retained on the 
nested sieves by flushing to the washed spec- 
imcn. Dry the washed aggregate to constant 
weight at a  temperature of 230 f 9 F (110 + 
5 C) and weigh to the nearest 0.1 percent of 
the weight of the sample. 

6. Calculation 
6.1 Calculate the amount of material 

passing a No. 200 (75-pm) sieve, by washing, 

C 117 

to the nearest 0.1 percent, as follows: 

where: 
A = percentage of material finer than a NO. 

200 (75-~rn)  sieve, by washing, 
B 1 original dry  weight of samplc. g, and 
C = dry weight of sample, after washing, p. 

7.  Precision 
7.1 The multilaboratory standard devia- 

tion has been found to be 0.22 percent4 for 
naminal Y4-in. (19.0-mm) maximum size 
coarse aggregate with  less than 1.5 percent 
passing t h e  No. 200 (7.5-pm) sieve. There- 
fore, results of two properly conducted tests 
from two different  laboratories on samples of 
the same coarse aggregate should not differ by 
more than 0.62 percer~t.~ The corresponding 
single-operator standard deviation has been 
found to be 0.10 percent.’ Therefore, results 
of two properly conducted tests by the same 
operator on the same coarse aggregate should 
not differ by more than 0.28 percent.” 

A * [ ( B  - C ) / E ]  X 1 0 0  

* These numbers represent, respectively, tho (1s) and 
(p2S hmltr as described in ASTM Recommended Rae  
tiœ (! 670, for Preparing Pncision Statements tor Test 

ASTM StandUr&. Pan 14. 
Methods far Construction Materials, Annual Book of 

In connection with any item mmtioncd in  this standard. Users of rhk standard WC expressly advisrd rhrrr derartnination 
The Americnn Society far Testing and Materials takeJ no pasftion resprcting  the validity of any patent tights asserted 

of the wlidity of any such patent  rights, and the risk of infringement of such rights. iJ entirely  their own responsibility. 
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Amwtcan AuDcfatian Stam 
HlQhway and Transporlatlon Offlclalr StarIndard 

AASHTO No.: T 21 ANSIIASTM C 40 - 73 

1. Scope 

1. I This method covers an approximate 
determination of the presencc of injurious 
organic compounds in natural sands which are 
to be uscd in cement mortar or concrete. The 
principal  value of thc test is to furnish a 
warning that further tests of the sands are 
necessary before they are approved for use. 

%. Applicable DOCU.nIfmtS 

2.1 ASTM Srandards: 
D 1544 Test for Color of Transparent Liq- 

uids (Gardner Color Scale)2 
3. Apparatus 

3.1 Glass Bottles”12-fluid ox (appraxi- 
mateiy 350-ml) colorless glass, graduated bot- 
tles of oval cross section, equipped with  wa- 
tertight stoppers or caps. 

4. Reagent and Reference Standard Color 

4. I Reagent Sodium Hydroxide Sollrtion (3 
percent)-Dissolve 3 pnrts by weight of SO- 

dium hydroxide (NaOH) in 97 parts of water. 
4.2 Reference Standard Color Solution- 

Dissolve reagent grade potassium dichromate 
(K1Cr20,) in concentrated sulfuric acid (sp gr 
1.84) at the rate of 0.250 g/IOO ml of acid. 
The solution must be freshly made for the 
color comparison using gentle heat if neces- 
sary to effect solution. 

5. Sample 
5.1 A representative test sample of sand 

weighing about 1 Ib (approximately 450 g) 
shall be obtained by quartering or by the use 
of a sampler. 

Solution 

29 

6. -dura 
6.1 Fill a glass bottle to the 4%-fluid oz 

(approximately 130-mi) level  with the sample 
of the sand to be tested. 

6.2 Add a 3 percent NaOH solution in 
water until the volumc of the sand  and  liquid, 
indicated after shaking. is 7 fluid ounces fap- 
proximately 200 ml). 

6.3 Stopper the bottle, shake vigorously, 
and then  allow to stand for 24 h. 

7. Determination of Color Value 
7.1 Preferred Procedure--A: the end of the 

24-h standing period, fill a glass bottle to the 
2Ydluid oz (approximately 75-ml) level with 
the fresh reference standard color solution, 
prepared not longer than 2 h previously, as 
prescribed in 4.2. Then compare thc color of 
the supernatant liquid above the test sample 
with that of the reference standard color solu- 
tion and record whether  it is lighter or darker 
or of equal color to that of *the reference 
standard.  Make  the color. comparison by 
holding the two bottles closc together and 
looking through them. 

7.2 Alternative  Procedure A-To define 
more  precisely the color of the liquid of the 
test sample. five color solutions may be used 
as prescribed in Table I o f  Method D 1544. 
using tha  following colors: 

‘This method is under the jurisdiction of ASTM Corn- 
mitter C-9 on Concrete and Concrete A re dtos and ir; t h t  
direct rcjponsibility of Subcommittee ?%.&.O5 on Meth- 
ods of Testing and Specifications for Physical Chnracrcr- 
istics of Concrete Aggregates. 

Current edition approved March 29, 1973. Published 

previous edition C 40 - 66 (1973). 
May 1973. Originally published RS C 40 - 21 T. Last 

and 29. 
‘Annual R-k o j  ASTM Standards. Parts 27. 28, 
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Gardner Color sample may be compared with a glass  having 
Standard No. Organic Plate No. a color equivalent to the color of the  reference 

5 
8 

1 standard color specified in 4.2. 
2 

I I  3 (standard) NOT&" suitable instrument consists o f  the 
14 4 glass color standard mounted in a plastic holder. 
16 5 For the benefit of u w s  of the alternative prdce- dure, the instrument is provided with ail five or- 

ganic plate number colon. 
The preparation and comparison procedure 
described in 7.1 shall be used, except that the 8* rntrvrGtation Of Rem'ts 
organic plate number which  is nearest the 8.1 If the color of the supernatant liquid is 
color of onc of the five prepared solutions darker than that of the  rcfcrcncc standard 
shall bc reported. color solution, the sand under test shall bc con- 
7.3 Alternorive Procedure B-Instead of sidered to possibly contain injurious organic 

the procedures described in 7.1 or 7.2, the compounds, and further tests should be made 
color of the SuFrnatant liquid above the test before approving the sand for use in concrete. 

By publicmion of this standard  no position is raken with respct to the validity ofany patent rights in connrction 
therewith. and the Amedcm Snefety for Teslinf and Materiais dom not undertake IO insure anyone utilizing the JtMdaTd 
against liability for infringrmenr ofany letters Patent nor awume any such liubility. 

30 I 
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Standard Teat Method for 
S O U N D N E S S  OF AGGREGATES BY USE OF 
SODIUM SULFATE OR MAGNESIUM SULFATE' 

This  Standard, is issued u?dcr the t i xed  dcaignati0n.C 88: the number immdiak ly  following the  designation indica&% 
the  year of orInnal aduptton or. in the cage of revtston. tho year of l a s t  revision. A nurnk in pamnthcws  Indicates the 
yeaiof last rea~pruvd. . 

1. Scope 
1.1 This method covers the testing of ag- 

gregates to determine their resistance to 
disintegration by saturated solutions of SO- 

dium sulfate or magnesium sulfate. I t  fur- 
nishes information helpFul in judging the 
soundness of aggregates subject to weather- 
ing action, particularty when adequate in- 
formation is not available from  service 
records of the material exposed to actual 
weathering conditions. Attention is called 10 
the fact  that test results by the use of the two 
salts differ considerably and care must be 
exercised in fixing proper limits i n  any speci- 
fications which  may include requirements for 
these tests. 

ary units are to be regarded as the  standard. 

2. Applicnble Documents 
2.1 ASTM Standards: 
C670 Recommended Practice for Prepar- 
ing Precision Statements for Test Meth- 
ods for Construction Materialsr- .I 

E I I Specification for Wirc Cloth Sieves f6r 
Testing Purpo.ses2. ' 

E 100 Specification for ASTM Hydrome- 
fers3 

E 323 Specification for Perforated Plate 
Sieves for Testing Purposes' 

NOTE I-The values stated in the U S .  custom- 

3. Apparatus 
3.1 Sieoer-with square openings of the 

following  sizes conforming to Specifications 
E 1 I or Specification E 323, for sieving the 
samples i n  accordance with Sections 5, 6, 
and 8: 

48 

Fine S e r i a  
No. 1 0 0  (150-rm) 

No. 50 (3XLpm) 

No. 30 (6OO-rm) 

No. 16 (I.18-mm) 
Na. 8 (2.36-mm) 

No. 5 (4.W-mm) 

No. 4 (4.75-mm) 

Coarse Series Y,. in. (8.0 mm) 
K in. (9.5 mm) 
Y, in. (12.5 mm) 
X in. (16.0 mm) 
7. in. (19.0 mm) 

17, in. (31.5 mm) 
I in. (29.0 mm) 

I X in. (37.5 mm) 
2 in. (50 mm) 

2 %  in. (63 mm) 
larger sizes by 

kin. spread 

3.2 Conroiners-Containers for immers- 
ing the samples of aggregate in the solution, 
in accordance with the procedure described 
in this method.  shall be perforated in 'such P 
manner as to permit free access of the so- 
lution to the sample and drainage of the 
solution  from the-sample without loss of ag- 
gregate. 

OF sieves with suitable openings arc satisfactory 
NorE 2"Btlskets made of suitable wire mesh 

containers for the samples. 

3.3 Tenlperurlrre  Regularion-Suitable 
means for regulating the temperalurc of the 
samples during immersion in the sodium  sul- 
fate or magnesium sulfate solution shall bc 
provided. 

I 

commitrn C-9 on Concrete and  Concrete Aggrrgntco 
' T h i s  mcrhod is under the jurisdiction of ASTM 

und is the dlnct w:'iponrhility of Subcummiltee C09.03.05 
on Methods olTesring alrd Speuificalions lor Physical Char- 
acteri+ics of Concrete Apgwyvtcs. 

Current edition approved Sept. 24, 1976. Published 
November 1976. Ori inally published as C 88 1 31 T. Last 
previous edition c d -  73. 

'Annual Book of ASTM Standardr. Pan 15. 
' Anmual Book of ASTM Standards, Pdrt 4 I .  
'Annual B m k  of ASTM Standards. Part 14. 

1 
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3.4 Bolunces-For fine aggregate, a balance 
or scale accurate within 0.1 g over the range 
required  for this test; for coarse aggregate. a 
balance or scale accurate within O. I percent or 
1 g, whichcvcr  is greater, over the range re- 
quired for this test. 

3.5 Drying Oven-The  oven shall be capable 
of bcing heated continuously at 230 9 F 
( I  IO * 5 C) and the rate of evaporation, at 
this range of temperature, shalt M at least 
25 gjh for 4 h, during which period the doors 
of the oven shall be kept c l o d .  This rate 
shall be determined by the loss of water from 
I-liter Griffin low-form beakers, each  initially 
containing S O 0  g of water at a temperature of 
70 $; 3 F. (21 2 C), placed at each corner 
and the center of each  shelf of the oven. The 
evaporation requirement is to apply to all test 
locations when. the oven is empty except for 
the beakers of water. 

3.6 Spcc$c Gravity Measwenrent-Hy- 
drometzrs conforming to the requirements of 
Specification E 1 0 0 ,  or P suitable combination 
of graduated glassware and balance. capable 
of rnedsuring the solution specific  gravity 
within +O.OOI. 

4. Special Solutions Required 
4.1 Prepare the solution for immersion OS 

test samples from either sodium or magnesium 
sulfate in accordance with 4.1.1 or 4.1.2 
(Note 3). The volume of the solution shall be 
at least five times the solid volume of all 
samples immersed at any one time. 

NOTE 3-Some aggrcyates containin carbonates 
of calcium or magnesium are a!tackeg chemically 

high  measured losses. I f  this condition ir ençoun- 
by fresh sulfate solution. resulting in erroneously 

tered or is suspected, repeat  the test using a filtered 
solution that  has k e n  ustd previously to tcvt  the 
same type of carbonute rock,  provided  that the soh- 
tion meets the  rrquircments or 4.1 and 4.2 for SF- 
cific gravity. 

4. I .  I Sodium Sulfote Solution-Prepare a 
saturated solution of sodium sulfate by dis- 
solving a USP or equal grade of tho salt 
in water at a temperature of 77 to 86 F (25 
to 30 C). Add  sufficient salt (Note 4), of 
either the anhydrous (NarSO,) or the crys- 
talline (NanS04.  IOHnO) form.' to ensure 
not  only saturation but also the presence of 
excess crystals when the solution is ready 
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for use i n  the tests. Thoroughly stir the  mix- 
ture during the addition of the salt and stir 
the solution at frequent intervals until used. 
To reduce evaporation and  prevent contarni- 
nation, keep the solution covercd at all times 
when access is not needed.  Allow the solu- 
tion to cool to 70 * 2 F (21 f I C). Again 
stir. and allow the solution to remain at the 
dcsignatcd temperature for at least 48 h be- 
fotc use. Prior to each  use, brcak up the sal t  
cake, if any, in  the container, stir the solu- 
tion thoroughly, and determine the specific 
gravity of the solution, When  used, the-salu- 
tion shall have a specific gravity not  less than 
1.151 nor more than 1.174.  Discard a dis- 
colored solution, or filter it and check for' 
specific gravity. 

NOTE 4"For the solution, 215 g of  anhydrous 
salt or 700 g of the  decahydrate per liter or water 

ever, sinct these salts are  not completely stable and 
arc sufficient  for saturation at 71.6 F (22 C). How- 

since i t  is desirable that an excess of crystals be 
present,  the use of nat less than  350 g of the an- 
hydrous salt or 750 g of the  dccahydrate salt per 
liter of water is  recommended. 

4.1.2 Magnesium Suljare Solution-Prepare 
a saturated solution of magnesium sulfate by 
dissolving a USF or equal gradc of the 
sait in water at a temperature of 77 to 86 F 
(25 to 30 C). Add suficient salt (Note 5 ) ,  of 
either the anhydrous (MgSO,) or the crys- 
talline (MgSO, + 7HP2O) (Epsom salt). form, 
to ensure saturation. and the  presence of 
cxcess crystals when the  solution is ready for 
use in  the tests. Thoroughly stir the mixture 
during the addition of the salt and stir the 
solution at frequent intervals until  used. To 
reduce evaporation and prevent contamina- 
tion, keep the solution covered tit all times 
when access is  not  needed. Allow the sol? 
tion to cool to 70 f 2 F (21 f. I C). Again 
stir, and allow  the solution to remain at the 
designated temperature for at least 48 h be- 
fore use. Prior to  each  use, brcak up the salt 
cake, if any, in the container, stir the solu- 

'Experience with the test method indicates that B 
grade of sodium sulfate designated by t h e  trade as dried 
powder. which may k considered as approximately 
anhydrous. is the most practical fur use. That grade is 

The decnh)drurc sodium sulfate prewnts difficulties in 
more  tconomicrlly wnilabb than the anhydrous furm. 

Compounding the  required solution on account O r  11s cool- 
ing cfkct on the solution. 
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tion thoroughly. and determine the specific 
gravity of the solution. When  used. the soh- 
tion shall have a specific gravity not  less than 
1.295 nor more thon 1.308. Discard a dis- 
colored sdution, or filter it and check for 
specific gravity. 

NOTE 5-For t h t  solution. 350 g of anhydrous 

are sufficient for saturation at 73.4 F (23 C). How- 
salt or 1230 g of the heptahydratc per litre of water 

ever, since these  salts arc not c~rnplctely stable. 
with lhe hydrous salt bring tho more stable of the 
two, and since it is &sirable that an excess of 
crystals be present, it is recommended that  the 
hcptahydrate salt be uscd and in an amount of not 
les than 1400 g/litre of water. 

5. Samples 
5.1 Fine Aggregate-Fine aggregate for 

the test shall be  passed through a '/a-in; 
(9.5-mm) sieve, The sample shall be of such 
site that it will yield  not less than 100 g of 
each of the  following  sizes, which shall be 
available in amounts of 5 percent or more, ex- 
pressed in terms of the following  sieves: 

No. 30 ( m u m )  No. 50 (300-rm) 
No. 16 (1.18-mrn) 
No. R (2.36-mm) 
No. 4  (4.75-mm) 

No. 16(1.18-mm) 

Kin. (9.5-mm) No. 4 (4.75-mm) 
No. 8 (2.34mm) 

Passing SKve Retained on Sieve 

NO. 3U ( W p m )  

5.2 C o m e  Aggregate-Coarse aggregate 
for the test shall consist of material from 
which the sizes finer than the No. 4 sieve 
have been removed. The sample shall be of 
such a size that it will yield the following 
amounts of the indicated sizes that arc avail- 
able in amounts of 5 percent or more: 

Size (Square-Owning  Sieves)  Weight, g 

% in. (9.5 mm) to No. 4 (4.75 mm) 300 * 5 
i o 0 0  * IO 

(12.5 mm) to ?*-in. material 330 * 5 
670 -L 10 

1500 f 50 

I (25.0 mm) to t i n .  material Mo f 30 
I to I-in. material io00 * 50 

Moo * 300 
2 (SO mm) to I Yrin. material m * m  
2V1 to ?-in. material 3m f 3M) 

(19.0 mm) to I$ in. 
Consistine ok 

'1, to Vr-in. material 
I x(37.5 mm) to Y, in. 

Consistïng oc 

2 br (63 mm) to I 1% in. 
Consinling of: 

Larger sires by I-in. sprud in sieve 7000 & l o o 0  
size.  each  iramion 

5.3 When an aggregate to be tested contains 
appreciable amounts of both fine and coarse 
material, having a grading with more than IO 
weight  percent coarser than the :%-in. (9.5- 
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mm) sieve and, also, more than 10  weight per- 
cent finer than the No. 4 (4.75-mm) sieve, 
test separate samples of the minus No. 4 frac- 
tion and the plus No. 4 fraction i n  accordance 
with the procedures for  fine aggregate and 
coarse aggregate, respectively. Report the re- 
sults separately for the fine aggregate fraction 
and the coarse aggregate fraction, giving  the 
pcrcentages of the coarse and fine  size ftac- 
tions in tha initial grading. 

6. heparation of Test Sample 
6. I Fine Aggregate-Thoroughly wash the 

sample of fine aggregate on a No. 50 (300 p m )  
sieve, dry to constant weight at 230 f 9 F 
(110 f 5 C). and separate into  the different 
sizes by sieving, as follows: Make a rough 
separation of the graded sampte by means 
of a nest of the standard sieves specified in 
4.1. From the fractions obtained in this man- 
ner, select samples of sufficient  size to yield 
100 g after sieving to refusal. (In general, 
a I IO-g sample will be sufficient.) Do not 
use fine aggregate sticking in the meshes of 
the sieve?; in preparing the samples. Weigh 
samples consisting of 100 tt 0.1 g out of each 
of the separated fractions after final sieving 
and place in separate containers for the test. 

6.2 Coarse Aggregm-Thoroughly wash 
and dry the samplc of coarse aggregate to 
constant weight at 230 f 9 F (110 L 5 C) 
and separate it into the different sizes  shown 
in 5.2 by sieving to refusal. Weigh out quanti- 
tics of the different sizes within the tolerances 
of 5.2 and, whcr: the test portion consists o f  
two sizes, combine thorn to the designated 
total wcight. Record the weights of the test 
samples and their fractional components. In 
the case of sizes larger than y4 in.. record 
thc number of particles in the test samples. 

7. Procedurt 

7.1 Storage of Samples in Solution-Im- 
merse the samples in the prepared solution 
of sodium sulfate or magnesium sulfate  for 
not less thon  16 h nor more than 18 h in 
such a manner that the solution covers therfi 
to a depth of at least in. (Note 6). Cover 
the containers to reduce evaporation and 
prevent the accidental addition of extraneous 
substances. Maintain the samples immersed 



173. 

I 
I 
I 
I 
I 
I 

I 
l 
1 

in the solution at a temperature of 70 2 E 
(21 * I C) for the  immersion period. 

NOTE 4-Suitably  weighted wire grids placed 
over the sample in the containers will permit  this 
coverage  to be achieved with very lightweight 
aggregates. 

7.2 Dryirfg Samples After Immersion- 
After the  immersion period,  remove the ag- 
gregate  sample  from  the solution, permit it 
to  drain for 15 f 5 min, and place in the 
drying oven. The  temperature of the oven 
shall  have been brought previously to 230 A 9 
F ( I  IO 5 C). Dry the samples at the spec- 
ified temperature until constant weight has 
been achieved.  Establish the  time required 
to attain  constant weight 3s follows: with the 
oven containing  the  maximum sample load ex- 
pected, check the weight losszs of test sam- 
pies by removing and weighing them, without 
cooling, a t  intervals of 2 to 4 h; make enough 
checks to establish  required drying  time for 
the least favorable oven location  (see 3.5) 
and  sample  condition  (Note 7). Constant 
weight will be considered to  have been 
achieved when weieht loss is less - than 0,I 
percent of sample weight in 4 h of drying. 
After  constant weight has been achieved, al- 
low the  samples  to  cool  to room temperature, 
when they  shall  again be immerscd in the prc- 
parcd solution as described in 7. I .  

NOTE 7-Drying time required to reach constant 
weight may vary  considerably  for  several  rmsons. 

cumulate becsusc of salt adhering to particles and. 
Emcirncy  of drying will be reduced as cycles ac- 

dur to breakdown. The  different  size  fractions of 
in some casea, becaux of increase in surface area 

smaller  sizes will tend to dry more  slowly kcause 
aggregate will have differinp drying rates. The 

of their larger  surface area and restricted inter- 
particle voids, but this tendency may be a k r d  by 
the effects of conrdincr size and shape. 

7.3 Number of Cycles-Repeat the proc- 
ess of alternate  immersion und drying unt i l  
the  required number of  cycles is obtained. 

S. Quantitative  Examination 
8.1 Make  the  quantitative  examination 

as follows: 
8. I .  I After  the  completion of the final 

cycle and after the sample  has cooled. wash 
the sample free from the  sodium sulfate or 
magnesium  sulfate as determined by the re- 

51 
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action of the wash water with barium chlo- 
ride (BaC1,). Wash by circulating  water at 
110 * IO F (43 f 6 C) through  the  samples 
in their  containers.  This  may be done by plac- 
ing them in a tank  into which the  hot water 
can be introduced near the  bottom and al- 
lowed to overflow. In the washing operation, 
the  samples shall not be subjected  to  impact ' 

or  abrasion  that may tend to  break up par- 
ticles. 

8.1.2 After the sodium sulfate or mag- 
nesium sulfate  has been removed, dry each 
fraction of the  sample to constant weight at 
230 f 9 F ( 1 IO 5 C). Sieve the fine aggrc- 
gate over the  same sieve on which it was rc- 
tained  before the test. and sieve the coarse 
aggregate over the sieve shown below fur the 
appropriate size of particle. For fine aggre- 
gate,  the method and duration of sieving shall 
be the  same as were used in  preparing  the test 
samples.  For coarse aggregate, sieving shall be 
by hand. with agitation sufficient only to  assure 
that all undersize material passes the desig- 
natta sieve. No extra  manipulation shall be 
employed to  break up particles  or  cause them 
to  pass  the sieves. Weigh the  materid retained 
on each sieve and record each  amount. The 
differtnce between each of these amounts and 
the  initial weight of the fraction of the sample 
tested is the loss in the  test and is to be ex- 
pressed as a percentage of the initial wcight 
for use i n  Table I .  

siri of Aggrcgatr: 
Sieve Uxd IO ' 

Determine Lors 
2: (63 mm) to I in. I Y, in. (31.5 mm) 

I yI to Y, in. (19.0 mm) 
(37.5 mm) 

Y,toY&in. (9.5 mm) 
'11, in. (16.0 mm1 
V,, in. (8.0 mm) 

X in. to No. 4 (4.75 mm) No. 5 (4.0 mm) 

9. Qualitative  Examination 
9.1 Make a qualitative  examination of test 

samples  coarser .than '1, in. (19.0 mm) as fol- 
lows (Note 8): 

9. I .  1 Separate the particles of each test sam- 
ple into groups  according  to  the  action pro- 
duced by the test (Note 8). 

9.1.2 Record  the number of particles show- 
ing each type of distress. \ 

In general, they may be classified as disintegration. 
NOTE 8-Many types of action may be expected. 
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splitting. crumbling. crackin flaking. ,etc. While 
only particles larga than 7; in. In w e  ate re- 
quired to be examined  qualitatively. i t  is rccom- 
mended that cxnminntion of the smaller siza be 
made in order to rielermine whether there i s  any 
evidena of excessive  splitting. 

10. Report 

10.1 1 - h ~  report shall include the following 
data (Note 9): 

10.1.1 Weight of each fraction of rach sam- 
ple before test. 

10.12 Material from each fraction of the 
sample finer than the  sieve designated in 8.1.2 
for sieving after test, expressed as a percent- 
age of the original weight of the fraction. 

10.1.3 Weighted average calculated from 
the percentage of loss for each fraction, based 
on the grading of the sample as received for ex- 
amination or, preferably, on thc average grad- 
ing of the material from that-portion of the 
supply of  which the sample is representative 
except that: 

10.1.3.1 For fine aggregates (with less  than 
'IO percent coarser than the %-in. (9.5-mm) 
sieve), assume sizes h e r  than the No. 50 (300- 
Pm) sieve to have 0% loss and  sizes coarser 
than the ? b i n .  '(9.5-mm) sievc to have  the 
same loss as  the next smaller ,size for which 
test data are available. 

10.1.3.2 For coarse aggregate (with less 
than 10 percent  finer than the No. 4 (4.75-mm) 
sitvc), assume sizes  finer than the No. 4 (4.75- 
mm) sicvc to have the same loss as the next 
larger size for which test data arc available. 

10.1.3.3 For an aggregate containing appre- 
ciable amounts of both fine and coarse mate- 
rial tested as two separate samples as requird 
in 5.3, compute thc  weighted average losscs 
separately for the minus No. 4 and plus NO. 4 
fractions based  on recomputed grndings con- 
sidering the fine fraction as 1 0 0  percent  and 
the coarse fraction as 1 0 0  percent. Report the 
results separately giving  the pcrcentapz of the 
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minus No. 4 and plus No. 4 material i n  the 
initial grading. 

10.1.3.4 For the  purpose of calculating the 
weighted average, consider  any sizes in 5.1 or 
5.2 that contain less than 5 percent of the sam- 
ple to have  the same loss as the average of the 
next smaller and the next larger size, or i f  one 
of thcse sizes is abwnt, to have the same loss 
as thc  next larger or next smaller size, which- 
ever is present. 

10, I .4 I n  the cnsc of particles coarser than 
3 / r  in. (19.0 mm) before test: ( I )  The number 
of particles in each fraction bcforc test, and 
(2 )  the  number of particles affected, ctassified 
as to number diaintcgrating, splitting, crum- 
bling. cracking, Raking,  etc., as shown in 
Table 2. 

10.1.5 Kind  of solution (sodium or magne- 
sium sulfate) and whether the solution was 
freshly prepared or previously  used. 

~rtd for purpose of illustration, is a suggested 
NOTE 9"Table I ,  shown with test values in- 

form Tor recording test data.  Tht test values shown . 
might be appropriate for either salt. depending on 
the quality of the aggregate. 

11. Precision 
11.1 For coarse aggregate with weighted 

average sulfate soundness losses in the ranges 
of 6 to 16 percent for sodium and 9 to 20 per- 
cent for magnesium,  the precision indexes are 
as follows: 

Difference 
Between Two 

Coeficient of Tests ( D t S % ) ,  
Variation (IS%), Percent of 

Percent' Awrage" 
Mdtilaborcuory: 

Sodium  sulfate 41 116 
Magnesium 25 71 

Single-Operator: 
sulfate 

Sodium  sulfate 
Magnesium 31 

0 These numbers represent, rcspcctivcly, the (IS%) and 
(DZS%) limits as described in Recommended Practiec \ 
C 670. 

E ' 
6a 

sulfate 
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Sieve Sirs 
pcrcint Test. g After Test 

Soundness Test or Fine Aggrcgak 

No. 50 (3CQ-prn) to No. I 0 0  
Minus No. 1 0 0  (15Gpm) 5 .O . . "  . . .  

11.4 
No. 30 (6OO-pm) to No. 50 26.0 I 0 0  
No. 16 (I.l8-mm) la No. 30 

4 . 2  1 .as 
25 .2  1 0 0  

No. E (2.36mrn) to No. 16 17.0 8.0 I .36. I O 0  
1.21 

No, 4 (4.75-mm) to No. 8 10.8 l o o  11.2 I .21 
S; in. (9.5 mm) to No. 4 4 .6 . . .  I l  .?" 0.52 

. . .  
, . .  . . .   . . .  

4 . 8  

Totals ICHI.0 . .  , . .  s.4 
I ._ 
I 
- . .. . . . . 

Soundness Tesr of Come Aggregate 
I 

2 'n, (63 mm) to 
2 in. (50-mm) 2825 g 1 , 

2 to I X in. 1 2'Jz to I ' l a  in. 20.0 4783 4 .8  O.  96 

I Y, to I in. 
(37.5-mm) 1958 g ; 

(25.0.mm) 
I in. to 3, in. loi? g 1 I I/% to '/, in. 45 .O I525 8.0 3.M 

(19.0.mm) 513 g ; 
Y, in. to '!, in. 

(12.5-mm) 675g ] 
Y, in. ta t in. ,'I4 to '78 in. 23 .O I O08 

(9.5-mm) 33g  J 7" in. to No. 4 
(4.75-mm) 12.0 298 I I  . 2  I .M 

Totals 100.0 . . .  9. I 

9.6 2.10 

contains less than 5 percent of thc oripinal wnple :II received. Sec 5.3. 
'The prcmtqe loss ( I  1.2 pcrcmr) of lhe ncxt smrtller s i x  i s  uved a l  tht percentage loss For this size. since thls site 

" .. . 

Particles Exhibiting Distress Tut4 - YI>. n i  
Sieve Size Splitting Crumbling Cracking Flaking Pzrticlcs 

. .. 

Na. Pcrccnt No. Perccnt No. Percent No. P c r a c  Test 
Ez lu re 

2 %  (63 
mm) to 

(37.5 mm) 
I in. 

I 'Y, to *, 
in. (19.0 
mm) 5 . . .   . . .  2 .. . " 1 1  ... ..- 50 

2 7 . .  . . .  2 .  7 . . ,  ... 29 

. .. - 

in connection with any item mentioned in this standard. Users of this standard are expressly advised : k a  dë:yminution 
The American Socirry fur Tcsting and Mutrtials takes  ne  position rs.pecdng the validity of anv patr,w f i p . 4 ~ ~  asssrrcd 

of the validity of any such parrnr rights. and the risk of infrin#emm ofsuch r i ~ k l s .  is entirely rhrir.oh rcsrXJLbrbrr .+ 

53 
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P R O C E D U R E   F O R  THE 

P E T R O G R A P H I C  ANALYSIS OF C O A R S E  A G G R E G A T E  

1 .  S C O P E  

1 . l  This procedure out1 ines  the method t o  be employed i n  the 

petrographic  analysis of coarse aggregate. I t  i s  a method o f  

appraising the quality o f  coarse aggregate and provides a numerical 

means o f  expressing and comparing the qual i ty  o f  samples from the 

same or different sources, 

1.2 This procedure does not a t tempt  t o  describe the techniques 

used i n  petrographic analysis  since i t  i s  assumed t h a t  the examin- 

a t ion will be performed by persons qualified by experience t o  use 

such techniques for the recogndtion o f  the properties o f  rocks and 

minerals and subsequent classification of aggregate particles  into 

rock types. 

2 .  R E F E R E N C E  

2.1 AStM C 294 - 69 -- Standard Descriptive Nomenclature 

o f  Constituents o f  Natural  Mineral  Aggregates 

2 .2  ASTM c 295 - 65 -- Standard Recornmended Practice f o r  

, Petrographic Examination o f  Aggregates for. Concrete 

2.3 British Standard 812: Part  1: 1975, Section 6 -- 
Description o f  Classification o f  Mineral  Aggregates 



P R O C E D U R E  FOR THE 

PETROGRAPHIC ANALYSIS OF C O A R S E   A G G R E G A T E  

1 7 7 .  

1 .  SCOPE 

1.1 This procedure outlines the method t o  be employed i n  the 

petrographic analysis o f  coarse aggregate. It i s  a method o f  

appraising the quality o f  coarse aggregate and provides a numerical 

means o f  expressing and comparing the! quality o f  sampl.es from the 

same or different sources. 

1.2 This procedure does not a t tempt  to describe the techniques 

used i n  petrographic analysis  since it i s  assumed t h a t  the examin- 

a t ion  will be performed by persons qualified by experience to,use 

such techniques for the recogni t ion o f  the properties of rocks and 

minerals and subsequent classification o f  aggregate particles i n t o  

rock types. 

2 .  R E F E R E N C E  .. 

2.1 ASTM . C 294 - 69 -- Standard Descriptive Nomenclature 

o f  Constituents o f  Natural  Mineral Aggregates 

2.2 ASTM c 295 - 65 -- Standard Recommended Pract ice for 

Petrographic Examination o f  Aggregates for. Concrete 

2.3 British Standard 812: Part  1: 1975, Section 6 -- 
Description of Classification of Mineral  Aggregates 
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2.4 CSA Standard A 23.2.30 - 1973 -- Procedure for the  Petro- 

graphic  Analysis o f  Coarse Aggregate 

3 .  DEFINITION 

3.1 Cuuhed shall be those which  have a t  least  one 

freshly  fractured and well defined  face. The proportion of crushed 

particles  shall be expressed as  a percentage of the original mass 

o f  the coarse aggregate sample. 

3 .2  F U  and &ongated g e c u  shall be those  particles whose 

greatest mean dimension i n  the  longitudinal  axis compared t o  the 

least  mean dimension i n  a plane perpendicular t o  the longitudinal 

axis exceeds a ratio o f  4:l. The proportion o f  f l a t  and elongated 

particles  shall be expressed as a percentage o f  the  original mass 

o f  the  coarse  aggregate sample. 

4 .  A P P A R A T U S  

4.1 Hand lens o f  lox magnification. 

4.2 Alnico magnet. 

4.3 Pocket knife of good quality w i t h  a blade  hardness o f  between 

5.5 and 6 on Mohs' scale. 

4.4 Anvi l  and hamer suitable for breaking aggregate  particles. 

4 . 5  Five percent  solution by volume o f  technical  grade hydro- 

chloride acid (22 Be'). 



4.6 Polyethelene  squeeze bottle with a spout. 

4.7 Stereoscopic microscope with final magnification from 4x to 

25x and a source of illumination. 

4.8 Balance having a capacity o f  1 O00 g, accurate to 0.5 g .  

4.9 Source of light that provides excellenz  illumination o f  the 
.- 

working area e 

5. P R E P A R A T I O N  O F  SAMPLE 

5.1 A representative  sample of oven dried aggregate shall be 

prepared to the following approximate weights: 

PASS I RETA I N I APPROX. MASS, g I 
I I 
I I l 

19.0 mn (3/4") 9.50 m (3/8") 
13.2 mn (1/211) 9.50 mn (3/8") 
9.5 IMI (3/8") 6.70 m (No. 3 )  

1,000 

500 

200 

6.7 mm (No. 3 )  75 4.75 m (No. 4) 

179. 

_I_ NOTE: Generally  this examination is performed on the pass 19.0 m 

(3/4 inch)/retained 9.5 mn (3/8") material. If the pass 

19.0 mm (3/4")/retained 9.5 m (3/8") material constitutes 

less than about 70 percent o f  the sample, the pass 9.5 mn 

(3/8")/retained 6.7 mn (no, 3) fraction shall also be examined. 

If the pass 19.0 mn (3/4")/retained 6.7 mn (no. 3) fractions 

c o n s t i t u t e  less than about 70 percent o f  the sample, the 

6.7 m (no. 3)/retained 4.75 mn (no. 4) fraction shall also be 

exami ned. ' 
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6. T E S T  PROCEDURE 

6.1 The  sample shall be spread on a t ray  or other f l a t  working 

surface. 

6.2 The aggregate shall be examined for coatings (such as c lay) ,  

cementations and encrustations which may affect the bond wfth 

cement paste or asphalt .  The type o f  coating and the degree t o  

which i t  i s  bonded t o  the aggregate shall be noted. 

6.3 If clay balls or other particles which may break down i n  

water or  w i t h  normal hand1 ing  are  present, these particles shall be 

separated ou t  a t  this stage o f  the procedure. 

6.4 The  sample shall be examined visually for shape characterislies 

and the estimated percentages of crushed, f l a t  and elongated 

particles noted. 

6.5  When steps 6.1 through 6.4 are completed, the sample shall be 

washed to  remove clay and dust coatings. 

6.6 The  washed  sample shall be spread on a f l a t  surface covered 

- w i t h  a paper or  cloth towel t o  absorb excess water. 

6.7 Each particle i n  the sample shall be identified and classified 

i n t o  the rock type groups listed on Form OB-MT 84 or the supplementary 

rock type l i s t  ( T A M E  

- NOTE: The scratch and 

usually be suffi 

acid t e s t s  will, w i t h  visual examination, 

cient t o  classify most  rock particles.  If 

any difficulty  still  exists following microscopic  examination 

it shall be referred t o  a' petrographer for  identification and 

detailed petrographic study.'' 
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3 SANDSTONE  (hard ) 
22 SANDSTONE (modium hard 1 , , 

4 GNEISS - SCHIST (hard  ) 
S QUARTZITE (coarse ond fino groinod ) 
4 GREYWACKE - ARNOSE (hard and mrdiwm hord ) 
7 VOlCANlC  (hard  ON^ slightly  ,woathorod ) 
I GRANiTE - DIORITE - GABBRO, 

.. . - - 
24 

41 

25 
26 
27 

52 
29 

40 

42 
- 
2a 

- - 
43 
A4 
4s 

pb 
48 

- 

49 
50 
51 

54 
55 
56 

- 
2 
- 

I I 1 
TOTAL GQOP AGGREGATE 
CARBONATES  CRYSTALLINE  (slightly  woathorod ) x 2  
CARBONATES (soft  ; slightly shaloy ) * 2  
CAR00NATtS  (sondy , soft and soft p i t r d  ) x 2  
CARBONATES (doeply wmathorod 
GNEISS I raft  ) SCHIST (modium hord 1 * 2  
CHERT - CHERTY ,CARBONATES * 2  
GRANITE - DIORITE - GABBRO ( britt101 x 2  
VOLCANIC (sofr)  x 2  
ENCRUSTATION x 2  
ARGILLITE X 

TOTAL FAIR AGGREGATE 
CARBONATES ( nholor or cloror) 
CARBONATES ( ochrrous ) I 

CHERT -CHERTY CARBONATES I kochod ) x s  

SANDSTONE I soh friabla 1 *3 
VOLCANtC ( w r y  soft, pclrour ) * 3  
CARBONATES  CRYSTALLINE ( * O F ? )  x 3  
GNEISS ( frioblo ) x 3  
GRANITE - DIORITE - GA0BRQ (fr iabh) * 3  I 
CEMENTATIONS * 3  I 
CEMENTATIQNS ( total 1 x 3  
SCHIST ( soft 1 x 3  
SILTSTONE *3 

I 

" !TOTAL DELETERIOUS AGGREGATE 
TOTAL 5 Y 

Y. GOOD X I  I 
Y. FAIR mx3r 

Î'. POOR x 6  * 
X DELETERIOUS -- *lo* - 

HOT MIX, MULCH AND I I Wo'' CRUSHED P. N. 1 1 CORRECTED GRANULAR AND 

:931 OBYTO. 4 - r r  
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c 

G 

O 

O 

D 

- 

F 

A 

I 

R 

P 

O 

O 

R 

TYPE 

SEDIMENTARY CONGLOlVIERATE 

(hard) 

SEDIMENTARY CONGLOMERATE 
(medium hard) 

AMFHIBOLITE (hard) 

IRON BEARING QUARTZITE 

IRON FORMATION (hard, 
medium hard) 

"" . 

AMPHIBOLITE4 (soft) 

PYRITE 

FLINT , JASPER and 
VOLCAN~CS ( .extremely f i n  
,,grained and glassy) 

VOLCANICS (ochreous) 

SEDIMENTARY CONGLOMERATE 

( sof t ,  friable) 

CALCITE 

AMPHIBOLITE8 ( friable) 

REMARKS 

". . 

Include with Sandstone 
#3. 

Include with Sandstone 
#22 O 

Include w i t h  Gneiss #4. 

Include w i t h  Quartzite 
#S. 

Include with Trap #9 .  

Include with Trap #9. 

Include w i t h  Trap #9. 

r - 
Writs in. 

Include w i t h  Gneiss #25 

Write in 

Write in 

write in 

Include with Sandstone 
#46 

Include w i t h  Carbonates 
#49 

Include with Gneiss #SO 

CRYSTALLINE CARBONATES Write i n  
(very friable) 

IRRFLTION FOR 

RANULAR . " 

rr 

". ... 

x2 

- 
x2 

x2 

x3 

x3 

x3 

x3 



1- - 
- 

D 
E 
L 
E 
T 
E 
R 
I 
O 
U 
S 

- 

TYPE 

SLATE 

KAOLIN, TALC E; GYPSUM 

REMARKS 

183. 

Include w i t h  Ochre 
#60 

Include with Shale 
#61 

Include w i t h  Clay 
X62 

GRANufyAR &' 5/8"  

( 16. Orrn) CRUSHXD 
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6.8 In the identification,  classification and description of each 

particle, the following features may  be relevant: 

6.8.1 Particle shape; 

6.8.2 Particle  surface  texture; 

6.8.3 Mineral grain s i te ;  

6.8.4 Texture and structure, including observations of pore 

space, packing o f  grains and degree o f  cementation; 

6.8.5 Colour; 

6.8.6 Mineral composition; 

6.8.7 Significant  heterogeneities such as: fossils and clay 

or shale  partings; 

6.8.8 Physical properties such as: scratch hardness, 

fracture,  porosity, toughness and specific g rav i ty  (heft) ; 

6.8.9 Physical condi t ion such 85: weathered, cracked, sp l i t ,  

f 1 a key and decomposed ; 

6.9 On the completion o f  the examination, each group o f  rock 

types shall be weighed t o  the nearest gram (0.5 g in the case of 

the pass 6.7 mn [no. 31 retained 4.7 mm [no. 43 f rac t ion)  and 

recorded on Form OB-MT-84. I f  any rock types are present which 

are no! found on this form, the category i n  which they shall be 

recorded will be found i n  the supplementary rock types l i s t  (TABLE 

7 .  C A L C U L A T I O N  

7 .1  The percentage of each  rock  type shall be calculated t o  the 

nearest 0.1 percent. The percentages o f  good, f a i r ,  poor and 
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1 
I 
I and deleterious partic 

subtotals  shall be 100 

I 7.2 The Petrograph 

les  shall  also be calculated. The  sum o f  the 

percent . 
i c  Number for hot mix, mulch and concrete shall 

be calculated a s  the sum o f  the products o f  the percentage of each 

petrographic category (good, f a i r ,  poor or deleterious) multiplied 

by the  appropriate  factor f o r  each category. 

7 . 3  I f  the material i s  t o  be  used for granular or 16.0 m (5/8") 

crushed, a correction  shall be applied which reflects the differing 

environmental conditions i n  which the  material i s  used.  The per- 

centage o f  each rock type i n  the fa i r  and poor categories  shall be 

multiplied by the  appropriate correction f ac to r  on Form OB-MT-84. 

The  sum o f  the values obtained shall be subtracted from the 

Petrographic Number f o r  hot m i x ,  mulch and concrete t o  obtain the 

corrected Petrographic Number for granular or 16.0 mn (5/8") 

crushed use. 

7.4.1 When the test is performed on several test  fractions, a 

weighted  average  value shall be calculated as follows: 

Mu1 ti ply the percentage  (based on the "as received" coarse 

aggregate sample portion) o f  each fraction by the Petro- 

* graphic Number for t h a t  fraction. The sum o f  those products 

d iv ided  by 100 is the weighted average Petrographic Number 

for the "as received" sample. 

7.4.2 For the purpose o f  calculating the weighted average consider 

any sizes (no t  tested) tha t  contain less than 5 percent of the "as 

received" sample t o  have the same value as the average of the next 

smaller and the next larger  site or if  one o f  these  sizes i s  missing, 
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t o  have the same value as the next larger or smaller size, whichever 

i s  present. 

8 .  REPORTING OF RESULTS 

The p&.ugupkic ruunben for  a particular  application  shall be 

reported t o  the nearest whole number. 

9. 

I 
I 

separation of these materials 

the material i n  the ''good" and 

readily  apparent from examinat 

GENERAL NOTES 

9.1 In the event  that  there  are a s ignif icant  number o f  

particularly absorptive particles,  they should be dried before 

weighing so t ha t  water absorbed dur ing  washing will not unduly 

influence the weight. 

9.2.1 Due t o  the time consuming nature o f  petrographic examin- 

ation on the smaller coarse aggregate sizes, a ra ther  shorter 

procedure i s  sometimes used. 

9.2.2 A ful l  petrographic  examination  shall always be performed 

on the largest  aggregate  size.of a sample. I f  smaller  sizes  are 

a l so   t o  be tested  they may be more quickly  separated i n t o  the 

petrographic  categories ''good" and "deleterious"  without exact 

Into rock type  groups. The nature of 

'deleterious"  categories will be 

ion o f  the complete  petrographic 

analysis on the largest  size. Those par t ic les   tha t   fa l l  i n t o  the 

"fair" and categories must be separated  into rock type 

groups. 

-. . 



9.2.3 I f  the na ture  o f  the material  i s  doubtful a f u l l  petro- 

graphic   analysis  o f  the smaller  sizes must be performed. 

9.3 The factors appl ied  t o  each rock type   a re  based on labora tory  

studies and in-service performance f o r  the intended use and the 

prevai l ing  condi t ions i n  Ontario. These f a c t o r s  may not apply 

under other   condi t ions and i n  other areas. The &&ou m e  bubject 

;to peniodic keviw and dhaee be changed luCren necebday 20 trebled 

cwtlrevtt expeibience. 

9.4.1 The Petrographic number may be used a s  the s o l e  qua l i ty  

assurance tes t  provided  that   previous test and performance  data 

have es tab l i shed  the q u a l i t y  of the source and tha t  any  change i n  

qual i t y  wi 11 be apparent  i n  petrographic   analysis .  

9.4.2 When assess ing  the q u a l i t y  o f  a sample  from new o r  problem 

sources   or  where there i s  a lack  o f  previous test da t a ,  then a l l  

quality t e s t s  must be performed  and  considered before the decis ion 

on i t s  s u i t a b i l i t y  i s  made, 



h1.3 rn a very limited number O€ cases, e:g. an environmcnt that, is con- . 
tinrlnlly moist 2nd whcre cvcn a small cxpnnsion would be unaceeptablc, 
i t  may prove irnpossib!c to use an aggreyntc that contains reactive rock 
t w s .  
A I J  Rcplaccmcnt of a portion of the  cement by a pozzolanic material has 
cffcctivcly rcrluccd expansion i n  many c:ws of alkali-silica reaction. 
?'he alkali-carbonate rock rcaction,  howevcr, lias bcen shown to bc rela- 
tively unrcsponsivc to pozzolans, 

I A2. TYPES OP ALKALI-AGGREGATE REACTION 
A2.1 A!k~!i-SiIica 1Ic:lctian. Thc first instances O€ this problem were ob- 
scrvcd it) v:lrious locations in the United States and involved the reaction 
bctwccn the alknlics in Portland  cement and certain  reactive  silica  con- 
stitucnts in t l~c  aggregate (opals, cherts, chalcedonies and certain glassy 

* or cryptocrystnlline volcanic rocks). 

I Morc recently, 8 sinilnr form of this reaction was observed  in Canada 
which involved ccrtnin  siliceous  rocks  such as graywacke,  argillite, phyllite, 
schist and  quartzite, Found i n  the Appalaclliarls and the  Canadian Shield 
as wcll as siliccous  shulcstoncs found in sonle prairie 'sands and gravels. 

l3echse OF thc rletnilcd irlcntification of rock types carricd out in a 
number of publisIlcd investigations, many SoLltces of silicious aggregate may 
be cvnluatcrl as potentially cxpnnsive by petrography alonc. II the petro- 
grnplliq.  analysis inrlicntcs that the Source contains  potentially  reactive 
rwcks, i t  is rccornrnendcJ that one or more of the preventatwe measures be 
employed nt lcast .until data €rom thc mortar  bar  test, dcscribcd later in 
this Appendix, arc nvnilablc. 
h 2 . 2  ~ ~ l l ~ n l i - C : ~ r l ~ n n : ~ ~ c  1lc;lction. This farm of rcnction is between the Port- 
l:wd ccrncut dkali and ccrtain finc-graincd dolonlitic limestones. Alknli- 
cnrbonatu rcuctioas luavc bccn diagnosed in Ontqrio in connection with 

188 
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I 
h h  CSA $'l'hNUhltl> h23.1 

Li!icnr cxpallsions oE about 0.03 pcr cerlt or more in'dicatc potcntially 
dclctcrious rc:lctivity. I n  ohc r  rcspccts tllc conln~cnts  above on the Mortar= 
Utlr tcsc (Cl;iusc 113.3) upply Ilcrc. 

For collcrctc Il1;tt w i l l  bc sulljcctcrl to moist cnvironmcnt  for  most of its 
scrvicr: IIt'c u l r l  wl1ct.c cxlxtnsioll will cause distrcss in adjacent concrctc, 
i.c. n britlgc: clcck, cxpnmion sllould bc considercd excessive if it exceeds 
0.02 pcr c u t  ut 3 montlw 

For  concrctc i n  a rclntivcly dry  environmcnt for most of its servicc 
life cxpousion sl~ould bc considercd exccssive if it excceds 0.04 per cent at 
3 111011 thS. 

Such cxpomivc aggregate c m  gcncrnlly be safely used only in con- 
junction with ;L low alkali  cement ( i c .  less than 0.6U per cent expressed 
as sodium oside). Potcntially  expansivc  aggrcgatc to bc uscd in concrete 
i n  n nloisl cnvirclnrncnt foc most of ils service life, should bc evaluated 
i n  cuncrctr: prisnu in conjlwction with a low alkali cement. 

, Some rock types co~ltinuc to expand well beyond the 3 month period 
and wllcrc possiblc cxpansion  ntcasuremcnts should be continued beyond 
3 months until cxpansion has virtually ccascd. 
A3.S AS?" Sl;lnrlarrl C586, I'otentid Alkali Rcnctivity of Cnrbonatc Rocks 
f o r  Co~lcrclc Aggrcgalcs (Rock Cylirlrlcr hlctl~od). This test m a y  be useful 
i n  detztmi~~ing the relative cxpnnsivc propcrtics between various rock types 
that nuy  exist in a quarry and may indicatc  thc necd for further testing 
oE the nggrcgrttc i n  concrete prisms. Limits,  bowevcr,  must be developed 
far cuch typc of rcaction. 

This test has becn Iimitcd to the alkali-carbonate  rock  reaction. 
Rcccnt  extensive work on rcactive  siliceous,  sedimentary  rocks in the 
Appnlacllinns nnrl the Cnnadiun Sllicld has demonstrated some applicability 
of this metl~od in these cases. Howcver, the tcst is not applicable to the 
nlkali-silica prob!cm involving opals, cherts,  chalcedonies, etc. 

As an indirect  test this method is useful in preliminary  evaluation of 
a quarry source but does not lend itself to development of acceptance or 
rejection  requirements. 

I 

I- 

A4. CEMENT-AGGNXATE REACTION 
A 4 1  Dcletcrious  rcactivity of aggrcgnte in concrete, for reasons other 
than alkali reactivity, have becn rcported in various  parts of Canada. 
A4.2 One tcst dcsigned ta detcct ccrtain unsound  aggregate is ASTM Stand- 
nrd C342, Potcntinl Volume CIlangc of Cemcnt-Aggregate  Combinations. 
Ccmcnt nSgrcgatc conlhinations tcstcd by this proccdure where expansion 
equal$ or cxcecds 0.20 per  cent at an age oE 1 year may bc considered un- 
satisfactory for use i n  cot~crctc cxposcd to wide variations of temperature and 
degree O€ saturation with water. 

Aggrcgnte producing cxccssivc expansion in this test do not generally 
rcspond to thc use of a low alkali ccmcnt. 

AS, GENERAL IISSESSMENT OF REACTIVE AGGREGATE 
~ 5 . 1  The Authority or other  contractunl party having the  responsibility of 
:ls.;cssi11g wl1ct11cr a particular crggregtm is acceptable or  not is well advised 
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to seek advicc from teclmically qunlificd pcoplc prcfcrnbly prior to the 
comnlenccmcnt of a laboratory evaluation progr:wmc. Tecllrlicltl knawlcrlgc 
regarding areas of Canada wllcre rcactivl: nggrcgntc havc bccn idwtilicd is 
rcadily available on a national and local lcvcl und mcthods of cictccting 
and diagnosing problems oE dlis typc arc well cstnblisllcd and rchtivcly 
simple to use. 

A6. REFKRENCES 
A6.1 Attention is drawn to the paper “Interaction of Concrete Aggrcgbte 
and Portland Cement Situation in Canads" by E, G. Swcnson publishcrl i n  
Engineering Journal (Engineering Institute of Canada) May 1977,. 'rllc 
popci contains 31 references regarding nn alkali-aggregate uzd ccnlcnt ag- 
gregate reactivity. 
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MTC FORM 1002 
October, 1977 

Ontario 
- 

MATERIAL SPECIFICATION FOR AGGREGATES - CONCRETE 

' INDEX 

1002.01 SCOPE . <  . . . ... 
1002.02 REFERENCES 

1002.03 FINE AGGREGATE - 
SPECIFIC REQUIREMENTS 

1002.03.01  General 
.O2 Gradation  Requirements 
.O3 Physicat  Resuircments 

1002.04 COARSE AGG.RE(SATE - 
SPECIFIC REQUIREMENTS 

1002.04.01 General 
.O2 Gradation  Requirements 
.O3 Phyaical  Requirements 
.O4 Runrictioa on U+ of CoarM  Aggregate 

in Concmte 

1002.Ofs LIGHTWEIGHT AGGREGATES 

1002.08 PROOUCTION, HANOLING & STORAGE 

1002.06.01 General 
.O2 Batch  Plant  Storage  Bins 

1002.07 SAMPLING AND TESTING 

1OoZOl SCOPE 

This specifiwtion prmcribm  the  specific  raquiraments for 
aggregster for usa in Portland cement concras. 

1002.02 REFERENCES 

This  specification  refers to the following standards, pub. 
iiwrions  or specifications: 

Ministry Construction  Specifications 

Form 313  Concrete Pavement & Concrete Base 

Form 904 Concrete  Structures 

Ministry Matsrial Specifications 

Form 1000  Aggregates - General 
F o m  1002 Aggmgatas - Concrete 
Form 1350 Concnre Manriels and Produatfon 

CSA Standards 

A23.1 (73) Concmtr Materials  and  Methods of Concrete 
Construction. 

ASTM Standards 

C33 (74) Conaete Aggregates, spec. for, 

C40 (73) Organic Impurities in Sands for Concrete, Test 
for. 

C330 (76) Lightweight Aggregatw for Structural Concrete, 
Sp-for. 

1002.03 FINE AGGREGATE 
-SPECIFIC REOUIREMENTS 

1002.03.01 General 
Fine aggrqetes shall anfarm  ta the  general  requirements as 
specified in Form, lo00 and to the  specific  requirements 
hemin  provided. 

For the  construction of a Portland .%mant CQnMBte SurfaCe 
which will be subjectad to traffic wear,  such as a pavement, 
bridge &ck or  approach slab, msnufactured sand  made trom 
the same or similar  type of rock as that used for the coma 
-regate will not be acceptrd. regardl- of in quality. due 
to the danger of polishing. 

Suewing, unless p r m -  s nacsssery to provide a 
product equal in quality and  gradation to that  of a 
mnufacturd send, will not be abpted for uae in the 
menufacture of Portland cement  concrete. 

Where  use of a manufactured sand is  proposed  and the 
Ministry finds at  the  time the mix deaign is made,  or at  any 
subsequent  time during the work, that a natural  blending 
sand i s  required to produce a concrete of the  specified 
promrties and quality,  then  the  Contractor shall provids a 
ruitrbla natural btending  rand.  This  wrnd  shall be supplied, 
saparatrly handled, stockpiled and proportioned in 
accordencu with the  designated mix design a t  no  additional 
c m  to the Ministry. 

1002.03.02 Gradation Requiremeno 

Unless otherwise  specified, fine aggregates shalt ba unifwmly 
gradwl withimthe limits of table I. 

TABLE I 
GRADATION REQUIREMENTS FOR 

FINE AGGREGATES 

MINISTRY SIEVE 
PASSING DESIGNATION 

PERCENTAGE 

YS" 

No, 30 
90.85 No. 16 
80100 No. 8 
95-100 No. 4 
100 

0-3 Natural Sand No. 200 
0.10 No. 100 
530 No. 50 
25-60 

1 CL6 Manufactured Sand 

NOTE: 

1, Sw Form 1000 for t.bb of davu equivrlenn. 
2. Th. finwwu modulus rholl not be I- thm 2.3 nor 

3. There shall b wt m m  than 45% mtailwd b t v m n  
mare  than 3.1, 

any two conshmtiw si- sizes. 

! 



4. 

5. 

6. 

7. 

8. 
9. 

1002 - 2 

posing No* 2oo be dmOfminad by (5 )  Irrespective of compliance with the  physical r e q u i r e  
ment$ in this  Section, a fine aggregate may be acceptad or 

Of losj by washing rejected on the basis of accelerated freeze-thaw tasting or 

warhing and sieving. 

and sieving and fintmm madulus are bawd on dry past field psrformanm, 
weightr. 

Where mix  design or other  criteria  require  the us8 of a 1002-04 =OARSE AGGREGATE 
grading not as specified above, the required grading " - SPECIFIC REQUIREMENTS 
will  be  defined by the Matmrials and Laborstow 
Services Section. 1002.04.01 G m ~ a l  

The nominal  maximum size of the aggregem shall be that 

: sieve on whidr not l e ~ s  than 10% of the aggregate is retained. 
1002.03.03 Phyrical R.quir&m.tr 

., - Ministry Siwe Designation larpr than the largest dusignated 
- ,. 

(31 Structural Swnpth: When subjrct&to the  structural 
strength test, mortar specimens containing the fine aggregate 
shall deucllap a cornpreesive str-th af the aga of 7 days 
when using normal Portland cement, ?f not l a  than 95% Of 
the  strength developed by a similar martOr made from 
another portian of the same sample which has been washed 
in a 3% solution of sqdiurn hydroxide, B S .  s p d f i e d  in 
A.S.T.M. Specification Designation C33. 

(4) P a t r m p h i u  AmIwh: The  fine aggragata Wl ntmt 
the  currant  Ministry  pstrographic  requirements. 

Concreto Pavement and Camrmm Barr 

For concrete, the quality of which is governed by Form 31 3 
unles  otherwise specified, the gradation of the coarse aggm- 
gates shall be within the limits provlded in fable I II. 

The Contractor may elect t o  use tither a combination of No. 
20 and No. 21 grtulings. or a combination of No. ZOA and 
No. 21A.grrding. ta pmduce a product within the specified 
cwnbined grading. 

! 
I 
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I 

NOMINAL 

95-100 100 1% inch 

1Uinch Sinch SIZE 

MIMIS' 

1 inch 1 O0 

314 inch 

112 inch 

*'3/8 inch 

MAXIMUM 

As detailed in Form 1000, Section 1000.05.02 
** Not more than 10% of 3/8 inch nominal maximum size material shall pass the No. 8 sieve. 
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GRADATlQN REQUIREMENTS -COARSE AGGREGATES 
FOR CONCRETE PAVEMENT OR EASE 

GRADING MlNlSfRY SIEVE DESIGNATION* -PERCENTAGE PASSING 

2 inch (3/16 inch) 3/8 inch 1/2 inch 3/4 inch 1 inch 1-1/2inch No. 4 

No 20 , 

0-5 6-27 18-50 36-64 5882 1 O0 COMBINED 

0-10 30-60 90-100 1 O0 Na 21 

O- 10 20.35 48-68 100 

OR ALTERNATIVELY 

Na, 20A 0.5 0-15 90-1 O0 20-55 1 O0 
1 I I I I 1 1 1 

No. 21A 

0-5 10.30 35-70 95.1 00 1 O0 COMBINED 

a10 20-55 90- 1 O0 1 O0 

'As detailed in Form 1000, Saaion 1000.05.01 

The raquired prop&tions of the s e l e c t e d  coarse aggregate 
combination will bo spcified by the Ministry ln the mix 
design deaignet~d for the contract, and will be tho- which 
obtain tho maximum unit weight far the combined cwlm 
aggrw-. 

Generally No. 20 and No. 21 grading may b fwnd m m  
suitable where  aggrqates are processad with portable 
crushing  equipment. f hu  gradings f o r  No. 20A and No. 21 A 
aegregatm correspond ta the grading for 1 H inch to 3/4 inch 
and 3/4 inch to No. 4 raapactiwly of C.S.A. Standard A23.1, 

NOTES: (Referring to Tabk I I ,  and I I I )  

(1) These  gradntions  represent the extreme limits which 
shall detorrnine th suitability for usa from all sources of 
supply. The gradation from any one source shall be 
reasonably uniform and not subject to the exwwme pw- 
œntagsr of gradation spcified. 

(2) Attention is c a l l 4  to the fact that the size OT shab of 
aprture and type of screen  spacified for determining 
compliance with  wcifiedtiona for the gradstion of coarse 
aggregate has no relation to thosa used in the production Of  
the material. 

(3) Sieve analysis is bad- on dry weights and include8 
material passing Nu. 4 sieve. 

(4) When the nominal maximum s i m  are the same, these 
gradingr comespond to the requiremum of C.SA. Stgndard 
A 23.1. 

(5) Where mix design or other criteria raqulra the use of a 
grading other  then as speclfid In Tabler II and Ill, the 
required grading will be defined by the Matwials and Labor- 
atotv Services Section. 

1002.04.03 ?hW1 R.quirammts 

Coarse aggrsgatm shall conform to the rquirammnh of Table 
IV. 

TABLE IV 

PHYSICAL REQUIREMENTS -COARSE 
AGGREGATES 

T E S T  

Los Angeles Abrasion 
Loss, 96 Max. 
Magnesium Sulphate 
Soundness. 5 cycles 
Loss, % Max. 

Absorption, 96 Max. 

Petrographic Number, 
Max. 

Clay Lumps, % Max, 

Thin and elongated 
pieces, % Max. 

Passing No. 200 sieve, 
% Max. for gravel 

for crushed rock 

ACCEPTANCE 
REQUJREMENT 

Conerate 
Pavement 
(Form 313) 

35 

12 

2 

- 125 

0.25 

20 

1 
2 

35 

12 

2 

140 

0.25 

20 

1 
2 



not  yet exposed and tntad. 

NAME 

Robindale 
Quarrv 

TOWNSHIP 

Richmond Twp. 
Lot 22, 
Conc. Vll l  a d  IX  

storey UI 
McFarland 
Quarries 

Lake Ontario 
Portland 

Quarry 
McFarland 

P. Wallace 
(Carter 
Construction) 

Canada 

Quarry 
Cement 

Cadarhurst 
Quarries 

Fredericksburgh No. 
Lor 19. Con= Vlll 

Sophiasburgh Twp. 
Lot 14. Conc. 1 

Kingston Twp. 
Lot 8, Conc. IV 

N. Fredericksburgh 
Lot 28. Conc. Vil  

Thurloln Twp, 

Broken  Front 
Lots 23 and 24 

Somerville Twp. 
Lots 37. 38 Conc. 
Fronting on River 

LOCATION 

Robindale 
Station 

East Limits 
of Napnee 

North of 
Piaon 

Nonh West 
of Westbrook 

3 Miles North 
East of Napnee 

5 Miles East 
of Belleville 

Cobomn k 

(2) Special conditions apply t o  the following quarries: 

Pittsburg Quarry 
Pittsburg Twp.. Lot 5, Cone. 1, 2 Miles North East of 
Kingston. 

The upper lifts  in this quarry arc re4ctiw and shall in no 
circumstances bo used. Acaptable material can bo Produced 
from certain of the lower l i f ts  below the "green  band" in the 
3 0  - 36, 48' - 60' levels. 

Frontenac Quorrv 
Kingston Twp., Lot 26, Cone. 111, 1 Mile  North Of 
Kingston. 

1002 - 4 

Material in the O' - 12' level and in the "grrtan band" is 
not acceptable.  Acceptable material occurs in the 
13' - 48' level. 

areas and lwels acceptable to the Ministry will be defined by 
If coarse aggregate i l  to be obtained from thesa  sources, the 

the Engineer. I% stone  shall then be quarried $0 that  firstly, 
all objectionable material above the level and area to be 
worked' shall be removed. Only when this i s  done t o  the 

quarried. When production of material from the acceptable 
satisfaction of the Ministry, shall the acceptable material be 

areas is underway, this material alone shall be quarried, 
processed, and stockpiled separately:  any simultaneous 
secondary production of matarial. from unacceptable areas 
for other uses will not be permitted. 

Limestone Products Limited - Uhthoff Quarry 
Orillia Tm.. Lot 10, Conc. IV, 5 Miles Nocth West of 
Orillis. 

Coarse  aggregate produced from  approximately the top 
30 f a t  of this quarry labow the bed known as U21 and 
carsu aggregate produced from approximately the 
l o w  15 fwr of this quwry  (below the bed known as 

acceptable for Portland cement concrete. Aggregate 
U1 and to the bottom of the bed known as UCI  will be 

produced from other beds is not acceptable. 

Mdjinnir and O'Connor - Elginburg Quarry 
Kingston Twp., Lot 13. Conc. V, 0.8 Miles West of 
Elginburg. 

Coarse aggregate Produmd from the top 17' af the 
q U W V  Only will be acceptable for Porrland cement 
concrete. 

Allan G. Cook  Ltd.. Quarry 
Tay Township, Lot 9, Conc, XIV.3 1/2 Mileg West of 
Waubaurhene. 

Coarse aggregate producd  from the top 12' of the 
quarry only  will be acceptable for Portland cement 
concrete. 

(3) Aggregates which are essentially dolomitic limestone in 
nature from sources in the Gull River formation  not 

which are not a t  present exposed and tested), will  only 
l isted in  (1)  or (2) above, (including  lifts in quarries 

be acceptable as follows: 

(i) The full depth  of the l ift the Contractor intends 
to  use shall  be  opened for Jampling.  The none so 
obtained shall, when incorporated in a U I c I C ~ B t W  
prism using high alkali cement (alkali content 
1.1% or greater)  andowhen cured a t  100% relative 
humidity and 23 c, show n0 Significant 
expansion (not greater 0.02%) or other distress 
after 84 days. The minimum  time for SUSlitV 
testing of such  aggregates is therefore four 
months before suitabiliw of the quality dill be 
known, and before material may tM processed. 

OR 

(ii) If the Contractor wishes to process aggregate 
before this, he may do so provided the material 
SO produced from each distinct l i thoiogid 
sequence is separately processed and stockpiled. 
Such material will be accaptabis for use in  
Portland cement' concrete Only if testing as 
described  above shows i t   to be frae Of remivity. 
Again, a period of four months for  ruch testing is 
required before suitability of the material is 
known. 

alkalicarbonate  reactivity problem should be sought from 
Any  -further  information Or advice requirsd on this 

the Enginear. 
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1002.06 LIGHTWEIGHT AGGREGATES 

Lightweight aggregates shall conform ta the  requirements  of 
the current A.S.T.M. Specification C m .  

1002.06 PRODUCTION, HANOLINO AND STORAGE 

1002.06.01 Gmra l  

All production, proceming, stclckpiling and blending 
operations  shall conform ta Form 1000. 

Initial stockpiler  shall b built a minimum of one week priw 
to use. fhweaftar, materials shall be retained in stockpiles a t  
the construction site or s i tu  of an Approved Ready Mired 
Concrete Operation for at lbmt twenty-four  hours b e h a  usa. 

Direct discharge of aggrrgrtes from the producing plant to 
the  concret*  batch plant staraga  bins, without intermediato 

stockpiling, w i l l  not be permitted. Direct dixharp of 
aggregates from trucks or railcars to concrete  batch plaot 
storage  bins without intermediate  stockoiling will only be 
permitted where aggregates are drawn from established 
stockpiles of approved  materials. 

1002.08.02 Bateh Plant Star- Sim 

Batchplant storage bins shall br of sufficient apacity to 
contain  at least four times  the  weight of aggregate  required 
for any  one  batch. They shall have the smallest pracrical 
horizontal dimensions. Bottoms of bina shell slope not l a s  
than 500 from the horizontal towards a antre autlrt. 

When requimd  during Cold Weather  Concreting, (See Form 
1350) batch  plant  bins shall be  equipped to uniformly heat 
the aggregate. 

Fine aggregate batch plant bins shall be left empty  overnight 
and recharged  when requird, in order to avoid accumulation 
of wet material at  the bottom of the bin. 

1002.07 SAMPLING AND TESTING 

All Sampling and  testing $hail be as requinrd in Form 1000. 
Attention is drawn to the requirements,  including time for 
1000.04 of Form 1000. Stockpiling of awh aggregate, 
already processed to the required grading and  testad  and a p p  
roved as to quality, from which amples am to be taken for 
mix dosign, shall contain 10% (or such smaller quantitv as 
required by the Engineer) of the total quantity of aggregate 
needed far the class of  concrete for which the mix design 
i s  m u i d .  

! 
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INDEX 
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Geneml 
Materials 
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COARSE AGGREGATE 

Gradation  Requirements for Coarse Aggregate 
Physical  Requiraments for Coarse Aggregate 

FILLER 

Mlneral Filler 

AGGREGATE PROCESSING, HANDLING, 
& STOCKPILING 

Processing 

SCOPE 

. .  

This  specification prmcribes the  specific  requirements for 
aggregatej for use in hot mix asphaltic concrete. 

1003.02 REFERENCES 

This  specification refen  to  the  following standards, pub- 
lications or specifications: 

Ministry Material  Specifications 

Form 1000 Aggregates - General 

1003.03 LOCATION, SAMPLING AND TESTING 
OF AGGREGATE SOURCE 

After  receipt  of  notice of award of the  Contract,  the 
Contractor shall notify  the Engineer, in writing,  of  the 
location  of  the sources of all aggregates which  the  Contractor 
proposes to supaly. It is emphasized that  the onus for 
locating  all aggregates is on the  Contractor. 

Aggregates to be supplied by th. Contractor may be obtained 
from sources of his own selection, except  that  where 
“0esignatsd Allgrsgates’ are speified, such  aggregate shall 
be obtained from  Ministry Designated Aggregate Sources as 
defined in this specification. 
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The Engineer shall sample and  test  the  proposed  sourcw 
when  they have been properly opened t o  his Satisfaction. 
All sampling and testing  and  the  time  required  for  testing 
shall be as described in Form 1000. 

T h e  Contractor shall not change any source of supply unti l 
he has notified  the  District Engineer in writing and obtained 
his approval. 

1003.04 REQUIREMENTS OF A MINISTRY 
OESIGNATED  AGOREGATE SOURCE 

1003.04.01 General 

A Ministry Omignatd Aggregam Source shall be an aggregate 
supply  operation  equipped to produce aggregates of accapt- 
able quality meeting  the  specifications of the  Ministry. 

1003.04.02 Materials 

Aggregates from a Ministry  Dmignated Aggregate Sour- may 
be gravels. quarried  rock, slags, provided the source is of such 
a nature  and  extent as to  ensure acceptable processed 
aggregatm of a consistent  gradation and quality. 

The  materials shall be  obtained from a single deposit  except 
whare otherwisa  approved bv the Ministry. 

1003.04.03 Equipment  and  Facrilitie 

Equipment  and  facilitiea  employed in a Ministry Designated 
Aggregate Source and  the  operation and use of such 
equipment and facilities  when  producing aggregates for the 
Ministry‘s use shall be subject t o  the  Ministry’s  approval. 
Equipment shall consist of any or at1 of  the  following as are 
rquired to producu a particular aggregate; crushing, scresn- 
ing, washing, blending, handling, and weighing  equipment. 
Facilities shell consist of ac~i?quata storage bins and  stock- 
piling areas, together wi th capable personnel to operate  and 
maintain  the  equipment  and the production programme. 

” 

. .  

The  equipment  and  facilities  may  be  retained on  the site  at 
all timas or may be  installed on the site on an as required 
basis to produur those aggregates for  which the source has 
obtained  Ministry approval. 

1003.04.04 Canditions of Approval 

The  Ministry’s approval of a particular  material  from a 
Ministry Designated Aggregate Source is subject to  the 
fallowing  conditions. and the failure of the source to satisfy 
thew  conditions  will be wu- for the withdrawd  of the 
approval of any or all of the  materials from  that source. 

(i)  The aggregate offered for us? shall be of consistent. 
acceptable gradation and quality and shall satisfy all 
the  requirements for the  psrticular  materiel. 

(ii) When thm source of  the  raw  materials is changed, when 
a change in the character of the m?tWids oCEurs, or 
when the performance of the matwials is found t o  be 
unsatisfactory,  the  Ministry usa of the materials shall 
be discontint& until a reappraisal by  the Ministry 
proves the sourca to be satisfactory. 



1003.04.05 Application  for Approval 

Application for Ministry approval of an aggrsgan  shall be 
made by rhw supplier in writing to the Manager,  Engineering 
Materials Office. Test amples of the aggregates for which the 
supplier requests approval will bE taken by the Ministry's 
personnel from processed stackpiles of  not I œ s s  than 1,000 
tuns. 

1003.05 FINE  AGGREGATE 

specifid in MTC Form 1000 and to th0 specific requiremnn 
Fine  aggregate shall conform to the general requiremmts 

herein provided. 

For the constructian of asphaltic concrmte pvernentt  which 
will be subject ta extended traffic w a r  and for which 
limestone or dolomite is used for the coarse aggregate, so% 
or more of the fine aggregate shall be  other than limestone or 
dolomite because of the danger of polishing. 

1003.05.01 Gradation Rquivmmmts for 
Fine Aggr-tm 

Fine aggregate  shall be consistently graded and shall m m  the 
gradation requirements shown in Table I .  

TABLE I 

GRADATION REQUIREMENTS FOR TOTAL 
FINE AGGREGATE 

Ministry ;. 
Siovs 

PERCENTAGE PASSING 

H.l.4.5.6,& 8 H.L.2 H.L. 1 & 3 Dœignation' 

3/8 inch - loo 
No. 4 13/16) 100 85.100 

70-1 M) 7490 80.1 O0 No. 8 
1 O0 

0.7 -3-8 0-5 No. 200 
515 5 1  6 6-15 No. 100 
l a a 0  15-35 1540 No. 50 
2470 30-55 35-70 No. 30 
40-90 50-75 5590 ' No. 16 

As detailed in Form 1000 

NOTE: 

1.- All gradations shall be determinad by washing and 

- 

sieving  and shall ba basad on dry weight% 

2. The ahwe gradation reprwenh the extreme limits 
which shall determine suitabilin/ for use. The grad+ 
tion shall be reasonably consistent and not subject to 
the extreme percentage of gradation specified above. 
The fraction retsind  betwwn any two consecutive 
sieves (excluding the No. 200 sieve) shall not be less 
than 5%; 

3. For H.L. 1 fine aggr-te, 8 tolerance of 10% of 
material passing the 318 inch sieve, and retained rn the 
No. 4 (3/16 inch) simm shall bd permitted. 

4. For H.L. 3, H.L. 4, H.L. 5, H.L. 6, and H.L. 8 fine 
aggregate. a tolerance of 15% of material pasing the 
31% inch sieve and rerained on the No. 4 13/16 inch) 
sieve  shall be permitted when this m s i z a  meen the 
coarse  aggr%ats quality  requiremenh f a r  the intended 
usa. If this oversize dtxs not meet the cmrse aggregate 
quality  requiremena  far the ineendtd use, a tolerance 
of 10% of material passing tho 318 inch sieve  and 
rerained on the No. 4 13/18 inch) sieve shall be 
permitted. 

5. Regardless of the amount of oversize, the maximum 
sire of this oversize  shall be restricted to 1 0 0 %  passing 
the 318 inch sieue. 

1Ob3-2 

1003.09.02 Physical Rwuirments For 
f ine Aggrogater 

The fine aggregate  shall be composed of clean,  hard, durable 
particles and shall meet the quality requirements shown 
barow. 

1. S0undn.u: When the fine aggregate is subjected to 
fivs cvcles of tho magnesium sulphare soundness  rest, 
the loa0 by weight shall not exceed the following: 

H.L. 1 & 3 ........................................................... 16% 
H.L. 2.4.5.6 & 8 .................................................. 20% 

2. Petrographic Analysis: The fine aggrsgete shall meet 
the curmnt  Ministry petrographic requirements. 

3. Finr podtino No. 200 simo: In any fine aggregate, not 
more than 20% of the material passing the Na. 200 
sieve shall be finer than .O02 mm in size. 

4. S a d  Abrdan: The fine aggregate shall mmt the 
current Ministry abrasion rmuirsmantt. 

lrm-ctiw of compliance with these physical requiremem. 
fine  aggmatrs may be accapted or reiected on The basis of 
past field performance. 

1003.06 COARSE AGGREGATE 

Caarsa aggregates shall conform to the general requirements 
specified in  Form 1000 and to the specific requirements 
herein approved. 

1003.08.01 Gradation Requirmmmts F w  
Car- Aggrsgau 

Coarse  aggreryte  shall be cmsistently graded and shall meet 
the gradation rnquirementr s h w n  in Table II. 

TABLE II 

GRADATION REOUIREMENTS FOR 
COARSE AGGREGATE 

Minimy PERCENTAGE PASSING 
Shve 
D&gnation* H.L. 6 & 8 H L  4 & 5 H.L. 1 & 3 

1 inch 1 O0 
314 inch , 90-1 O0 
518 inch 

0-10 0-10 0-1 O No. 4 (3/16') 
20-65 30.52 60.73 318 inch 

70-86 1 O 0  112 inch 
65-90 100 

As detailed in Form 1000 

I 

NOTE: 

1. These  gradations r e p r m t  the extreme limits which 
shall determine the suitability  for use from a l l  sources 
of supply. The gradation from any  one source shall bei 
reasonably  consistent and not subject ta the extreme 
percentages of gradation specified. 

2. The sire and shape of aperture specified for deterrnin- 
ing compliance with specifications for the size of 
coarse a w e w t e  is not nscasaaritv  the  size or s h o e  of 
aparature or  type or screen usea ln tne proaucrlon 07 

the material. 

198. 
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TABLE III 

PHYSICAL REOUIREMENTS FOR COARSE AGGREGATE 

Los Angeles Abrasion - 
Srades "B", "C", "D", 
Loss % Max. 

Magnesium Sulphate 
joundness - 5 Cycles - 
Loss % Max. 

Absorption by Weight - 
% Max. 

Petrographic Number - 
Max. 

Loss by Washing - % Max. 
Passing No. 200 Sieve 

Flat & Elongated 
Pieces - % Max. 

Crushed Material - % Min. 

r H.L. TYPE 

+NOTE: 

When quarried rock is orad as a sourm of m a w  aggregate, a 
maximurn Of 2% pearing the No. 200 sieve  shall be permitted. 

Irrespective of compliance with the physical requiremmts of 
fable III, coarse rggregatos may k acmpted or rejected on 
the basis of past field pdorrnance, 

1 

15 

5 

1.0 

1 O0 

1 

20 

1 O0 

1003.06.02 Physical Roquiramenu For 
Coacts Agprmgmte 

agsrsgate shall conform to the physical requirements 
shown in Table Ill.' 

1003.07 FILLER 

Filler shall consist of mineral filler,  hydrated lime, portland 
cement.  asbestos fibre, or other material as designated  and 
currently approvcd by the Minirtw  for usa in asphaltic 
concrete. 

1003.07.01 Mineral  Filler 

Mineral filler shall consist of  thoroughly dry limestone or 
other mineral dust appravsd by the Ministry, shall conform 
to the current Ministry rhquiremonts for chemical analysis 
and quality, and shall be consistently graded to meet the 
following gradation requirements. 

Passing No. 30 Sieve ....................._....- ~ .,............. 100% 
Passing No. 200 Sieve - not l e s s  than .._._.........._._ 80% 

3 

35 

12 

1.75 

135 

1.3* 

20 

60 

4 

35 . 

12 

2.0 

160 

1.3* 

20 

80 

- - 5,6 

35 

12 

1.75 

140 

1.3' 

20 

60 

35 

12 

1.75 

' 160 

1.3* 

20 

60 

7 

1003.08 AGGREGATE PROCESSING, HANDLING 
AND  STOCKPILING 

All pmcetsing,  handling, and stockpiling operations shall 
conform ta Form lO00. 

A minimum  of three (3) days' ndticg shall be given by the 
Contractor to the Engineer prior to the day that stockpiling 
of aggregate at the asphalt plant site is  started. 

1003.08.01 Proasairtg 

The aggrqatcs shall be proces& so 89 to meet the 
appropriate requirements as outlined in this spcification. 

The processed  aggregates shall be separated into fine -re- 
Wte and coarse aggregate which shall be stockpiled repara. 
tely. 

Aggragatea  separated during processing. aggregres secured 
from  different saurces, and aggregates from the same source 
but of  different gradations  shail be placed in individual 
stockpiles. 

Where primary and secondary  screenings  are  produced, they 
shall be stockpiled separately. 

Aggregates which have become mixed with forcign matter of 
any UesCriPtiofl or aggregates which have  become mixed with 
each other shall not k u r d  and shall  be  removed from the 
stockpile immediately. 
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MATERIAL SPECIFICATIONS FOR AGGREGATES, GRANULAR A, 6, C, D, AND 5/8" 
CRUSHED TYPES A & 8 

INDEX 

1010.01 SCOPE 

1070.02 REFERENCES . .  .. 

101O.Oc3 GENERAL  REQUIREMENTS 

1010.04 REQUIREMENTS FOR G H A N U U R  A&5/8" 
CRUSHED AGGREGATES TYPES A & 8 

1010.05 REQUIREMENTS FOR GRANULAR B.C. 
' AND O 

1010.06 PHYSICAL R E a U l A E M E N ~  

101om SCOPE 

This specification covers the specific raquirements for 
aggregatw for usa as granular  subbam, base and Surfam 
course; mulching: sheulderlng; and backfill to sewers, culvem 
and other structurm. 

1010.02 REFERENCES 

t h i s  spcif iwtion r e f e m  to the following standards, pub- 
licatfons or specification: 

Ministw Material Spwificatiana 

Form 1000 Agqr6gater - General 

1010.03 GENERAL REQUIREMENTS 

The  rfqulmments  of Form l o o 0  *all apply to thls specifi- 
cation. 

1010.04 REQUIREMENTS FOR GRANULAR A & 
518" CRUSHED AGGREGATES TYPES A & B 

Granular, A and 5/8" crushed sggregatea types A & B shall 
satisfy all requirements of Tablea 1 and 2 of this ~pecificetion 
and unless atherwiw s w i f i e d  shall be: 

Crushed  rock composed of hard,  uncoated, cubical 
fragments, produced from rock formations or boulders of 
uniform  quality. 

or 

Crushed gravel cornpored of herd,  durable, uncoated 
Partielm, produced from naturally  formed deposits. 

or 

Crushwl slag produmd  from  iron blast furnecr slag or 
blended nickel slag. 

1010.05 REQUIREMENTS FOR GRANULAR 0, C 
AND 0 

Granular B. C and 0 shall be compaoad of clman, hard, 
durable uncoated particles and shall satisfy all requirementy 
of Tables 1 and 2 of this spwiliation for the material 
reqwird. 

Granular E and C shall lx obtained from deposits of sand ar 
gravel, talus rock, quarrior, disintegrated granite, mina waste, 
iron blast furnace slag or blended nickal slag, clinkers, or 
othar suitable granular  materials. 

Crushing of (hnular 8 and c shall not be required except 
that the Contramor may, at  his optian, elect to crush any 
o ~ ~ s i m  Fusent  in the deposit as an alternative to screening, 

Granular D shall be crushed rock screenings or slag  screen- 
ings, and may be used as an altamate to Granular B or C 
as subbase material. excluding backfllt to wbdrainr and 
culvens. 
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GLOSSARY OF TECHNICAL TERMS 

2 0 4 .  

Concrete  Agqregate: For the purposes of this  report, 
concrete  aggregate is defined as material  which meets 
the specification f o r  concrete  aggregate as stipulated 
in  Appendix €3 of  this  report. 

Aggregates  generally occupy 60 to 80 per cent of the 
volume of  concrete.  Hence,  their  characteristics 
influence  the  properties of concrete.  Aggregates 
also  influence  concrete's  mix  proportions and econ- 
omy.  They  must  conform  to  certain  requirements 
and  should  consist of clean,  hard,  strong,  and dur- 
able  particles  free of chemicals,  coatings  of  clay 
or other  fine  materials  that may affect  hydration  and 
bond of the  cement paste. 

Weak,  friable or laminated aggregate particles are 
undesirable.  Aggregates  containing  natural shale or 
shaley  particles,  soft and porous  particles,  and 
certain types of chert  should  be  especially  avoided, 
since  they  have poor. resistance  to  weathering.  Visual 
inspection  will  often  disclose  weaknesses in coarse 
aggregates. All aggregates  that do not  have  reason- 
ably  reliable  service  records should be  tested f o r  
compliance  with requirements. 

Granular "A" Material : For the purposes of this report 
Granular A material is defined  as  granular  material 
which  meets the specifications for  Granular " A " ,  as 
stipulated in Appendix B of  this report. Granular A 
material  which  is screened to  minus 7 /8"  is generally 
used f o r  road t op  dressing,and  crushed 5/8" (approx. 
40% crushed)  may  serve as compacted  granular  base fo r  
asphalt or concrete road surfacing. 
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GLOSSARY. . 

Granular "BI' and 'IC", Material: For t h e  purpose of t h i s  
report, Granular B and C material is def ined as 

granu la r  material which meets t h e  s p e c i f i c a t i o n s  for 
Granular B and C material, as s t i p u l a t e d  i n  Appendix B 
of t h i s  report. T h i s  ma te r i a l   gene ra l ly  serves as 
sub-base material f o r  road   cons t ruc t ion .  I t  does not  
require   washing.  

General F i l l :  This material may contain  crushables   and 
sand in propor t ions ,  bu t  con ta ins  over 10% fines 
(#200 mesh) dry weight, and is t h e r e f o r e  not suited 
fo r   h ighe r   u ses  such as concrete. If crushed   for  
road materials, it c o n t r i b u t e s  to extremely dus ty  
condi t ions  because of s i l t  sizes .  

Crushing: Crushing i s  done t o  reduce the size of large 
boulders or cobbles.  This i s  done with  a j a w ,  cone 
o r  roller crusher .  A primary c rushe r  i s  used t o  break 

up t h e  large boulders. They are then fed t o  a secon- 
dary crusher where they are broken up again  t o  a 
smaller s i z e .  

Rip-Rap: Broken rock used for  t h e  pro tec t ion   of  b l u f f s  

ar  s t r u c t u r e s  exposed t o  wave a c t i o n s ,  e tc .  

Gabion: A c y l i n d r i c a l  o r  r ec t angu la r   con ta ine r ,  usually 
formed from wire mesh, f i l l e d  w i t h  earth or rock, 
used as protec t ion   aga ins t   e ros ion   a long  stream beds 
and  road cuts ,  etc.  

Encrustat ion:  A coating on par t ic les  by other cementing 
- media ( i . e . #  ca lcareous ,   c layey   phosphorous ,   i ron  

and s i l ica ,  e t c ) .  For Granular A material, a maximum 
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of 5% of the  particles should have encrustation. 

Crevasse Filling: A relatively straight  ridge of  strati- 
fied sand and gravel, till or other  sediments,  formed 
by the filling of a crevasse in a stagnant glacier 
which later melted. Crevasse fillings may resemble 
eskers but are not  generally as winding or branching. 
Most crevasse  fillings are much wider and have more 
nearly  level  tops  compared  to narrower eskers, whose 
t o p  surface generally undulates.  Bends  in  crevasse 
fillings  tend to be angular and crossings of differ- 
ent  generations of crevasse  fillings are n o t  uncommon. 

Cuspate  Beach Deposit: A series of naturally  formed  low 
mounds of beach material  separated by crescent- 
shaped troughs at more or less regular  intervals 
along the beach  face. 

Crushable Granular  Material:  Unprocessed  gravel  contain- 
- ing a minimum of 35% coarse  aggregate larger than 

#4  sieve. 

Eskers: A long, narrow,  commonly sinuous ridge composed 
of well- and partly-washed ice-contact granular 
drift--chiefly  sand and gravel with minor silt, 
cobbles,  boulders  and  till  inclusions. Eskers may 
also  be  composed almost wholly of sand and silt  with 
and without a cover of boulders or  ablation till. 
Because eskers  are  ice-contact deposits let down 
after  melting  of  the  supporting  ice walls, they 
usually show complex irregular bedding  and collapse 
structures- Eskers may  exhibit  reticulate, braided, 
branching, and dendritic  patterns; but most commonly 



207. 

GLOSSARY... 

they  occur as a single  serpentine  ridge. 

Kame: A short, irregular ridge, h i l l ,  or mound  of strat- 
ified  drift  deposited in contact with glacier  ice 
by  meltwater. Kames may form in holes and fissures 
on, in, and'under stagnant  glacier ice as well as, 
more commonly, at the margin of the glacier on the 
adjoining deglaciated  land  surface.  Thus kame 
deposits may be deposited in superglacial,  englacial, 
subglacial,  or  ice-marginal  positions. They may 
appear as a single  mound,  as  groups  of  clusters 
of closely associated sharply  irregular  hummocky 
mounds and ridges (kame  moraine, kame field, kame 
complex, or kame  group),  as an isolated more or less 
flat-topped  mesalike  mound (kame delta), or as 
kettled or nonkettled  terraces  deposited  between 
the former ice margin and nearby vally wall (kame 
terrace). 

Till:  Nonsorted,  nonstratified  sediment  carried or 
deposited by a glacier. 

Well Graded  Soil:  Material  possessing more than  one 
grain size, but  lacking  intermediate  size (s) . 

Fine Agqregate: This  material  predominantly  passes # 4  

mesh ( i . e . ,  4 holes per  inch) but produces fine 
gravels as a  by-product  which is r e t a i n e d  when 
screened. Uses  include  blending product for con- 
crete  and  asphaltic  concrete,  brick and mortar sand. 
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Coarse  Aggregate: This material  contains a majority of 
gravel  sizes of 1" and upward  that  requires  crushing 
through 3/4" secondary jaws for  road  surfacing,  con- 
crete,  etc. The size of cobbles  and  boulders  and 
their relative  quantities vary,  and  some  materials 
require  secondary  crushing,  screening, etc., while 
others  contain  significant  number of large boul- 
ders f o r  which  primary  crushing up to 30" feed 
is  necessary. 

Screening: Aggregates  are  screened in order  to  separate 
them  into  specific  sizes.  Screens may be a woven 
mesh of wire, a plate with  holes of a specific  size 
in it, or a set of racks and bars. Material  larger 
than  the opening  in  the  screen  is  caught  or  retained 
on the  screen,  while  material smaller than  'the  open- 
ing passes through. 

Washing:  Aggregates  are washed to remove coatings of 
silt or clay ( f i n e s )  from  them. The aggregate  may 
be placed  on a screen, then sprayed with jets of 
water  to  wash away the  fines. A more  sophisticated 
method is called flotation, where  the  fines are 
skimmed o f f  a suspension of water and  finely  ground 
rock. 

- Dbh: Diameter  breast  high. 

h:  Height. 

M.P.S.: Maximum  particle  size. 

T: - Denotes water table. 
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