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i .'O. INTRODUCTION 
, - 

~' 7 .  i Terms of Reference 

The following report  presents the r e s u l t s  of a geotechnical 

i nvesti gati  on conducted a t  the s i t e  of a proposed resi  denti a1 

development t o  be located on the south valley wall of the  Qu'Appelle 
---. 

Valley in Lumsden, Saskatchewan (see Drawing No. 583-1606-1)- The 

objectives o f  t he  investigation were t o  assess the  exis t ing stabi l i t y  

of the  val 1 ey wa7 1 against sl  ope f ai 1 ure, t o  assess .  t he  impact of the 

development on slope s t a b i l i t y ,  and t o  evaluate the s u i t a b i l i t y  for  the  

proposed devel opment . 

A t  the outset o f  the  investigation, the owners provided BBT p 
Geotechnical Consultants Ltd, with a copy of a Geotechnical 

Investigation Report by Ground Engineering Ltd. (GE-466) dated August 

11, 1978 which pertai.ned t o  the south-west portion o f  the proposed 
~- 

subdi vi s i  on. Subsequent t o  submi ssion of the  Ground Engi neeri ng Ltd. 

report the subdivision was increased in s i ze  by adding the easter ly 1 
@ 

portion. BBT were requested t o  provide a geotechnical eval uati on of the  

add-i t i  onal property only as shown on Drawing No. 333-1 606-1 . 

Proposed Development 

I t  was understood tha t  the  overall proposed development will  consist  of 

u p  t o  32 resident ial  l o t s ,  several public reserve areas and associated f 
roadways, The resident ial  homes wi 71 l ike ly  cons is t  of 1 or 2 storey, 

wood frame structures  with a basement below. Roads will also b e  

constructed as part  of the  overall development t o  provide access t o  the  - L 

residences. An outl ine of proposed subdivision and roadways are  shown 

on Drawing No. S83-1606-2. 



2.0 EXTENT OF INVESTIGATION 

2-1 F i e l d  I n v e s t i g a t i o n  

The t e s t  d r i l l i n g  program c o n s i s t e d  o f  2 t e s t  ho le s  l o c a t e d  a s  shown on 

,- Drawing No. 583-1606-2, The t e s t  ho les  were 7 i nches  i n  d iameter  and 

were d r i l l e d  t o  a dep th  of 700 f e e t  below e x i s t i n g  grade u s i n g  a CME 

Model 75 hol low stem auger  r i g .  The t e s t  ho le  e l e v a t i o n s  were e s t ima ted  

us ing  G.S.C. Bench Mark K O .  7D which had a r epo r t ed  e l e v a t i o n  of 

1630.66 feet f e e t  above s e a  level.  The bench mark was l o c a t e d  

approximately 1  f o o t  sou th  of t h e  n o r t h e a s t  c o r n e r  of t h e  e x i s t i n g  p o s t  
$ 

o f f i c e  i n  Lunsden, Saskatchewan. k 
i 

A t e s t  ho le  d r i l l  l o g  was compiled f o r  each t e s t  ho le  a s  d r i l l i n g  i ; 
progressed  t o  record  a  d e s c r i p t i o n  and t h e  r e l a t i v e  p o s i t i o n  o f  t h e  i - va r ious  s o i l s  encountered. S tandard  p e n e t r a t i o n  t e s t s  were conducted a t  

f 

5 f o o t  i n t e r v a l s  from a depth of 10 t o  55 f e e t  a t  Test Hole No. 2 .  

Addit ional  d i s t u r b e d  bag samples were recovered  a t  t h e  1 ,  3 and 5 f o o t  

depths  from both t e s t  ho le s .  Undisturbed s h e l b y  t u b e  samples were 

recovered  a t  5 f o o t  i n t e r v a l s  from a  depth  of 60' to' 70 f e e t  ( T e s t  Hole 

No. 2 )  . and 10 t o  55 feet  ( T e s t  Hole No. 1 )  below e x i s t i n g  grade- A 

cont inuous  co re  sample was ob ta ined  below a depth  of  60 f e e t  ( T e s t  Hole 

No. 1 )  and 70 f e e t  ( T e s t  Hole No. 2 )  which extended t o  t h e  bottom of 

each t e s t  hole.  All s o i l  samples were s e a l e d  and t r a n s p o r t e d  t o  our  

1 abora to ry  f o r  examinat ion,  t e s t i n g  and a n a l y s i  s. 

-- 
A 2 inch  diameter  p l a s t i c  s t andp ipe  piezorneter was i n s t a l l e d  t o  depths  

o f  57.5 f e e t  ( T e s t  Hole No. 1 )  and 100 f e e t  ( T e s t  Hole No. 2 )  below ! 
8 

e x i s t i n g  grade t o  monitor  f u t u r e  s t a t i c  groundwater l e v e l s  a t  t h o s e  I 
ii 
i l o c a t i o n s .  2 



2.2 Laboratory Testing 

A visual c lass i f ica t ion  was performed on a1 1 so i l  samples a f t e r  they 

were received i n  the laboratory t o  confirm o r  adjust the f i e l d  

ident i f icat ion.  

Moisture content t e s t s  were performed on a11 soi l  samples t o  assess the  

regularity of so i l  cha rac te r i s t i c s  with depth and across the s i t e  in 

addition t o  serving as a complement t o  other laboratory t e s t ing .  

Atterberg l imi ts ,  dry density and grain s i ze  dis t r ibut ion t e s t s  were 

conducted on selected samples t o  aid in the c lass i f ica t ion  and t o  

assess some of the physical properties of the s o i l .  

The undrained shear strength of the so i l  was assessed by means of 
-. 

unconfined compressive strength t e s t s  which were supplemented by 

Soi l tes t  pocket penetrometer readings. 

2 . 3  Aerial Photographs, Topograph Map and Review o f  Existing 
Information 

Aerial photographs and a topographic map of the  area were examined i n  

order to  eval uate the  ' t e r r a i n  and re1 ief of the subdivi sion. In 

addition, the topographic map was used t o  establ ish the ground surface 

elevations i n  the cross  sections shown a t  the end of t h i s  report. 

A geotechni cal report  produced by Ground Engi neeri ng  Ltd. (GE-466) and 

dated August 11, 1978 was reviewed t o  a s s i s t  i n  t h i s  evaluation. The 

report contained information re la t ing  t o  an adjacent- area (Parcel A ,  

Plan No. 75R43504) located t o  the west and southwest of t h i s  

subdivi si on under considerati  o n -  Certain soi 1 strength parameters used 

i n  the evaluation were drawn from t h i s  report .  



- : - .  - -  3:O SITE DESCRIPTION 

The proposed subdivision l i e s  approximately half way up the south 

val 1 ey wall of t h e  Q u '  Appel 1 e Val ley i n  Lumsden, Saskatchewan. 

The valley wall a t  t h i s  s i t e  i s  sloping a t  a present angle o f  

' approximately 7.5 degrees near the c r e s t  of the  slope, nearly level a t  

the mid-point of slope and 10 t o  14 degrees t o  the horizontal a t  the  

toe of the 'slope. The proposed subdivision 1 i e s  in an area of old slump 

blocks which have s l i d  down the  valley wall and which  are presently a t  

o r  above equi 1 i bri urn. 

Surfi c i  a1 features  such as moderate headscarps , hummocky broken slopes 

and a pattern of subpara7 7el ridges down slope are  indications of past 

i n s t a b i J i t y  o f  this area. .- 

The general drainage i s  provided by means of surface runoff in to  
-- 

r a v i n e s  which, i n  t u r n ,  are directed downward towards the valley. The 

ravines contained shrubs and t r ees  which are indigeneous to  a moist 

so i l  regime. The vegetated areas above the ravines indicated a somewhat 

dryer so i l  a t  surface and were sparsely covered by grass and small 

t r ees  . 

Photographs taken of t he  s i t e  a t  the time of d r i l l i n g  are  enclosed in  

Appendix £3 a t  the end of t h i s  report .  

4.0 SUBSURFACE SOIL CONDITIONS 

- .. 4.1 Surfici  a1 Geology of the Area 

The regional geology of t h i s  area has been reported by Christiansen, 

! ( e t  a1 1 with part icular  emphasis on the  bedrock topography. The  bedrock 

has been reported t o  be a marine clay sha l e  o f  t he  Bearpaw Formation. 



Undifferentiated glacial  t i l l  and i n t e r t i l l  s t r a t i f i e d  d r i f t  l i e  above 

the bedrock and, i n  areas outside the val ley,  are  generally overlain 

w i t h  g lacia l  l acus t r ine  c lays .  

The Qu'Appelle Valley i s  a remanent of a g lac ia l  meltwater channel 

which has agraded through deposit ion of more than 200 f e e t  of a l luvial  

sediment. The slopes along the  val ley have occured as a r e su l t  of 

erosion from the  meltwater runoff, t h e  depth of which has extended 

below the  drift-bedrock contact .  The widening of t h e  Qu' Appel l e  Val ley 

has occured as  a r e su l t  of t he  successive landsl ides  which has attained 

a p ro f i l e  in  equilibrium w i t h  i t s  environment. 

4.2 Soil Prof i le  

The so i l  p rof i les  f o r  the  2 t e s t  holes d r i l l e d  under t h i s  study are  
- 

plot ted and i l l u s t r a t e d  on Drawing Nos. S83-1606-3 and S83-1606-4 

respect ively.  

Glacial d r i f t  consist ing of weathered brown t i  11, sand and unoxidized 

grey t i l l  was encountered a t  each t e s t  hole location and extended t o  38 

t o  55 f e e t  below exis t ing  grade. Clay shale  of t h e  Bearpaw Formation 

I was encountered below the  d r i f t  a t  an e levat ion of 1683 t o  1686 f e e t  

above sea level and extended t o  t h e  bottom of each t e s t  hole. The 

I composition of t he  shale  varied somewhat between t e s t  hole 1 ocations 

I 
and with depth. 

-. 4.3 Soil Properties 

I - The r e s u l t s  of so i l  c l a s s i f i c a t i o n s  and laboratory t e s t s  are plot ted 

beside the corresponding d r i l l  logs on Drawing Nos. 583-1606-3 and 

! 583-1 606-4 respect ively.  Grain s i z e  d i s t r i bu t ion  curves are plotted on 

Drawing Nos. 583-1606-5 t o  583-1606-9 inclusive.  I 
1 



 he weathered gl aci a1 t i  11 a t  the surf ace appeared severely desiccated 

t o  a depth of about 10 f ee t .  B o t h  t i l l s  were c l a s s i f i ed  as  medium 

- 
p l a s t i c  and general ly hard except from depths of 15 f e e t  t o  20 f e e t  and 

a t  30 f e e t  (Test Hole No. I )  where the t i l l  was c l a s s i f i ed  as very 

s t i f f .  The sand encountered within t h e  d r i f t  was c l a s s i f i ed  as dense on i 
t he  basis of standard penetration blow counts t h a t  ranged from a 1 ow of 

31 t o  we1 1 in excess of 50 blows per foot .  

The shale encountered be1 ow the  gl aci a1 d r i f t  had noticeable f rac tures  

with slickensides throughout a t  Test Hole No. 2 and a t  random depths 

within Test Hole No. 1. The shale was generally c l a s s i f i ed  as hard 
8 

except a t  Test Hole No. 2 where i t  was assessed t o  be very s t i f f  t o  a i 
t 

-. depth of 41 - 5  f e e t ,  The composition and p l a s t i c i t y  o f  t he  shale varied 

between t e s t  hole locations and also with depth. A t  Test Hole No. 1 ,  

the shale was very sandy and low plas t ic  (from 68 t o  95 f e e t ) ,  whereas, 

a t  Test Hole No. 2 ,  a lower sand content and somewhat higher p l a s t i c i ty  

was apparent. 

For purposes of t h i s  study, t h e  effect ive so i l  strength parameters 

established by Ground Engineering Ltd. a t  the nearby S t .  Michaels 

Retreat were assumed t o  be representative and are  presented in Table I .  

TABLE I 

ASSUMED SOIL STRENGTH PARAMETERS 

- Soi 1 Description C '  ( P S ~  1 H' (degrees) 

Glacial Dr i f t  

Bedrock 



5.0 GROUNDKATER CONDITIONS 

Moderate seepage and sloughing was encountered within the s i l t y  and 

g rave l ly  sand ( d e p t h  43 t o  49 f e e t )  a t  T e s t  Hole Go. I .  Only a t r ace  of 

sloughing (without seepage) could be detected w i t h i n  the s i l t y  and 

clayey sand a t  Test Hole No. 2 .  No measurable groundwater level could 

be detected a t  Test Hole No. 2 a t  32 days a f t e r  d r i l l i n g .  The water  

level a t  Test Hole No. 1 was measured t o  be 33 f e e t  and 32 f e e t  below 

exist ing grade a t  one half h o u r  and 32 days a f t e r  d r i l l i n g ,  

respectively . 
*. 

Groundwater conditions are expected t o  vary due t o  seasonal 

f l uctuati ons. 

6.0 DESIGN CONSIDERATIONS AND RECOMMENDATIONS 

6.7 Slope S t a b i l i t y  

A slope stabi 1 i t y  analysi s was performed usi ng the "SLOPE-I I "  computer 

program which was accessed through the Saskatchewan Computer Ut i l i t y  

Corporati on. 

A cross section of the  e n t i r e  south valley wall (horizontal /ver t ical  = 

10 : l )  i s  shown on Drawing No. S83-1606-10- A segment of t h i s  section 

(Cross Section A-A) was used i n  the a n a l y s i s  and is  shown on Drawing 

No. $83-1 606-7 1 (hori zontal h e r t i  cal = 1 : 1 1. The surf ace profi l e s  o f  

t h e  cross sections were determined using a topographic map of t h e  area 

made available by the Department of Rural Development, Saskatchewan, 

Bedrock surf ace and groundwater elevations were obtained from the t e s t  

501 e dri 11 1 ogs and piezometer readi ngs. T h e  soi 1 strength parameters 



used were in accordance w i t h  the  values presented in  Table I .  A f a i l u r e  

surface along the  surface of t he  bedrock was assumed f o r  t he  analysis.  

The analysis  consisted of 2 computer runs of which the  f i r s t  r u n  used 

,-.. 
t h e  groundwater level as measured under t h i s  study and the  second r u n  

used a hypothetical groundwater level which was 10 f e e t  higher than the  

measured value. The groundwater t ab l e  was assumed t o  be roughly 

pa ra l l e l  t o  the  ex is t ing  surface,  ex i t i ng  a t  the  t oe  of t he  slope a t  

t he  bedrock-drift in te r face .  The higher groundwater t a b l e  i s  thought t o  

be a reasonable a1 1 owance f o r  seasonal var ia t ions .  

The r e s u l t s  of t h e  computer analysis  indicated a f ac to r  of sa fe ty  

against  slope f a i l u r e  of 2.64 and 1.73 f o r  the  f i r s t  and second runs, 

respect ively .  These values r e f l e c t  the  high s e n s i t i v i t y  of the  slope 

s t a b i l i t y  t o  the  groundwater l eve l .  The f a c t o r s  of sa fe ty  a re  

considered t o  be within acceptable l i m i t s  f o r  development of t h e  

subdivision.  The following general guide1 ines  a re  recommended fo r  t he  

development with respect  t o  slope s t a b i l i t y :  

1 )  the  f i n a l  development plans should be reviewed and evaluated 

by a competent geotechnical consul tant .  

2)  proper surface and subsurface drainage must be maintained 

3 )  minimize or el iminate potential  sources of water col lect ion or  

i n f i l t r a t i o n  (ponds, swimming pools, e t c . )  

4 )  provide protection of t he  slope against  erosion 

5 )  cu t s  and f i l l s  should be l imited t o  prevent des tab i l i za t ion  of 

old slump blocks 



6 )  careful  construct ion control and inspection should be 

performed by qua l i f i ed  personnel 

7 )  the  development must s a t i s f y  the  requirements l i s t e d  i n  The 

Planning and Development Act, 1973 

Under these guidel ines ,  i t  i s  ant ic ipated t h a t  t he  proposed development 

will  not s i gn i f i can t ly  a l t e r  t he  long term s t a b i l i t y  of t he  slope.  

However, a  monitoring program should be undertaken following 

development of t h e  subdivision.  This should cons i s t  of visual  

examinations of t he  slope by a  competent geotechnical consultant ,  t h e  

ins ta l  l a t i on  of a  slope ind ica tor  and continued monitoring of t he  slope 

indicator  and the  ex is t ing  piezometers. 

. 6.2 Cuts and F i l l s  

I t  was understood t h a t  t h e  s i t e  grading will primarily cons i s t  of 

localized l o t  l eve l l ing  and roadway preparation and, as such, some 

cut t ing and f i l l i n g  will  be necessary. Although the  d e t a i l s  of t he  c u t s  

and f i l l s  were not avai lable  during t he  preparation ,of  t h i s  repor t ,  i t  

should be recognized t h a t  extensive changes t o  the  slope geometry by 

means of cu t s  and f i l l s  a re  not recommended. However, s e l ec t i ve  c u t s  
. . .  -- - -  . 

and f i l l s  may be used on a  r e s t r i c t e d  basis and should be evaluated by 

the  geotechnical consul tant .  F i l l s  should be placed and compacted i n  

accordance w i t h  recognized standards and procedures. Under no 

circumstances should res iden t ia l  buildings be supported on f i l l s .  



6.3 Drainge 

A s  a result  of the  proposed development, some changes i n  drainage 

patterns are inevi table  and, subsequently, should be  evaluated. - It i s  
..- 

imperative t h a t  e x i s t i n g  drainage p a t h s  be mai ntai ned. In particul a r ,  

drainage which i s  presently occuring as seepage in to  the  ravines must j j  A 
* - / j/,, *r. 

be maintained. Therefore, before any f i l l s  are placed in the ravines, f / . -  

the  vegetation must f i r s t  be removed followed by placement o f  a gravel 'b @ 1 
f i l t e r  blanket over the ravine bottom. The  f i l t e r  should be a minimum E E 

E 

of 1 f o o t  t h i c k  and have l e s s  than  5% o f  i t s  par t ic les  passing a  No. 

200 sieve. The f i l t e r  must be designed t o  provide f r e e  drainage on a I E 

i z 
year round basi s - 1 

6.4 Restoration 

A11 exposed f i  _ - - -  11s or cut-s _shg-u.jd . . . -. be  . . protected from erosion by means of 
+-- ---.-- - 

vegetation or  other methods as deemed necessary and should be 

undertaken as soon as i s  poss ib le .  Areas beyond - the earthwork 

boundaries may require additional protection as well. Some long term 

maintenance may be necessary. - 
6.5 Foundations 

Although the terms o f  reference f o r  this report  d i d  not include an 

in-depth study o f  the  possible a1 t e rna tes  fo r  foundation construction, 

the s o i l s  encountered a t  t h i s  s i t e  are considered su i tab le  f o r  

- foundat ion  s u p p o r t  of typi ca7 res i  denti a1 homes. Foundations supported 
ti 
$ 
2 a 

on or by natural ly  deposited s o i l s  a t  t h i s  s i t e  would be expected t o  

perform r e l a t i  ve'ly we1 1 provided t h a t  proper design and construction 
."  ----.---. 

methods are  used. 



7.0 CLOSURE 

.- The  f i n d i n g s  and recommendations of t h i s  report were prepared in 

conjunction w i t h  general 'ly accepted professional engineering pri nci pl es 

and practice. The findings and recommendations are based on the r e su l t s  

of f i e l d  and laboratory investigations,  combined w i t h  an interpolation 

of t h e  soi l  and groundwater conditions between tes t  hole locat ions .  I f  

conditi ons are  encountered during construction t h a t  appear t o  be 

d i f fe rent  from those shown by the t e s t  holes d r i l l ed  a t  t h i s  s i t e  o r  i f  

changes t o  t h e  proposed development are undertaken, t h i s  off ice should 

be notified i n  order t h a t  the recommendations can be reviewed. 

Respectful 1y submitted, 

BBT GEOTECHNICAL CONSULTANTS LTD. 

-C, r .- fi.SSCCi.?,Tfg:.: OF: 
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63T GEGTECHj'(/CAL 

1 CURWLTANTS LTD. 



608 Mcleod Street 
Regina. Sask. S4N 4Y1 

Telephone (306) 
969-21 04 

Mr. Rci p h  H a r y e t t  
P . O .  Box 492 
iurnsden ,  Saska tchewan  
SDG 3C0 

Dear S i r :  

Subject :  Proposed Subai v i  s i  on 
NW 1/4 SEC. 28-79-21-W2M 
Lumsden, Saskatchewan 
BBT Pro jec t  No, 583-1606 

F u r ~ h e r  t o  your reques t ,  we have reviewed t h e  rev i sed  plan f o r  t h e  l o t  
1 ayou ts  f o r  Blocks 1 t o  5 and  for- . t h e  propcsed a d d i t i o n a l  area [Lot 
Nos. 1  t o  7 )  i n  Block 6 .  I n  add i t ion ,  the  undersigned, i n  your presence 
on November 2 ,  7984, performed a s i t e  reconnaisance and  h e l d  
d i scuss ions  t o  confirm t h e  i n t e n t  of your p lans  f o r  development i n  
Clock 6 .  i t  should be  understood t h a t  ou r  e v a l u a t i o n s  m u s t  be 
considered prel iminary only and t h a t  a f i n a l  evaluat ion wi l l  be 
required a f t e r  t h e  grading p l a n s  have been completed. 

The po ten t ia l  b u i l d i n g  areas  are i n d i c a t e d  on Drawing  No. 583-1606-13 
a ~ t a c n e d  t o  t h i s  l e t t e r .  The areas  designated were based on very 
$enera7 concepts o f  g r a d i n g ,  drainage a n d  p ro t ec t i  on of n a t u r a l  
vege ta t ion .  The concepts assumed were as fo l lows:  

1 )  The e x i s t i n g  knob or  declining r-idge l o c a t e d  along t he  
proposed roadway no t ed  as Heritage PI ace would be cu t  t o  a 
maximun depth of 1.5 rn a n d  graded. Any mater i  a1 excavated from 
t h e  r idge  would be moved l a t e r a l l y  t o  p r o v i d e  f i l l  f o r  Lot 
Nos., I t o  1 2  of Block 5 and would no t  be removed t o  provide 
f i 11 i n  o the r  areas. 
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:-ox 5 of  lock b c c u l d  be c u t  to t i le d e ~ i r e a  d e p t h  a n d  c s e d  a s  
f i l l  i n  t h e  l o w e r  l y i n g  port ions of B l o c k  6. A c z r e fu l l  
grading p l a n  wi l l  e spec ia l ly  be required i n  t h i s  area such as  
t o  provide proper d r a j n z g e  and t o  provide a c c e s s i b i l i t y  t o  t h e  
residences thenselves .  

3 )  A11 designzted f i  1 7  a r e a s  wil l  be s t r jpped  of vegetat ion and 
de le te r ious  mzlterials p r i o r  t o  pl?ceinent of such f i l l s .  F i l l s  
wi 11 be properly compacted during p7 acernent and under d r a in s  
wi l l  be i n s t a l i e d  as required t o  provide f o r  d r a i n a g e  from t h e  
s ?  opes. 

4 )  T h e  recornaendatio~s and  information included i n  our r epo r t  
583-1606 a re  s t i l l  r e leven t  and a p p l y  t o  t he  development of 
t h i s  s i t e .  

I t  w i l l  b e  necessarb t o  review t h e  f i n a l  put-posed grading p l a n  t o  
determine t h a t :  

1 ) s ?  ope s t ab i  1 i i y  i s  not adversely affected 

2 )  proper drainage i s  provided 

3 )  s u i t a b l e  building s i t e s  a re  provided f o r  

We t r u s t  t h a t  t h i s  s a t i s f a c t o r i l y  responds t o  your enquirey bu t ,  if  you 
shoul d have any quest i  ons regarding t h e  contents of th i s  1 e t t e r ,  please 
do not h e s i t a t e  t o  contact  th i s  o f f i c e .  BBT Geotechnical Consultants  
t t d .  apprec ia tes  t he  opportunity t o  h a v e  been o f  continued se rv ice .  

Yours r e spec t fu l l y ,  

BBT GEOTECHNICAL CONSULTANTS I T S .  

.- A.J. Mu i r ,  P. Eng. 
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