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AESTRACT 

Resistivity profiles were run i n  conjunction v.ith s 

groundwater study being carried out i n  the Xrcimore area f o r  the 

mais try  of invirolllnent, The purDoses were tm f o l d :  

1, To verif-, the presence of  B shillow bedrock 

channel. 

2, To detect variations i n  frectures i n  the 

bedrock. 

In l i g h t  o f  the results obtziined, suggestions for 

fur ther  study i n  th is  area are mzde. . 



LOCATION 

The study area i s  located i r ?  the Saanich Peninsula on Vancouver 

Tsland, B-C, approximately 25 kilometers north of Victorie., B,C, 

(Figure 1) 

only the land within the National To?ograoili c Ser ies  mrp 95.'&-36L5-2-3, 

comraonly known as the firdmore area, but f o r - r e s i s t i v i t y  study it 

has  been exoanaed Ix take  i n  a l s o  Range 1 west of utip sheet 

For t h e  groundvrater study being conducted i t  comprises 

- .  

9 ZLk363&2*q1, 
J 

PUHDOSE AND SCOPE 

From pldDtting the drill l o g  dsta avttilable in the Arhore 

zrea, it became a3pz.rent thst ii shdlow bedroc< c h m e l  m s y  exist, 

extending from the hekd of Coles 3ay a d  trenciing north-east 

thraugh Sectior b, 3 m g e  1 %est of m;l? sheet 9?3-96SF-'i, 

iuring t n e  groulIjvihter study i t  m s  d s o  observea thst  w h e n  

6 S& ft, d e e ~  i r r i ga t ion  well, com;lonly known b s  Pendray's well, 

which penetrates  the  bedrock i n  Section 8, Range 1 west of ma:, 

sheet 93-+9654!-4, was m q e 6  i t  caused considerable interference 

with wells t o  the north-west i n  the area of tne  junction o f  

Viest Saanich 3oLd s n d  Archore Drive. This interference inciicstes 

major f ractur ing or  c f m l t  i s  Dreseht i n  the rock eorinecting 

tnese l o c a t i m s ,  

An a t teupt  t o  ver i fy  the gresence o f  tne bedrow chiinnel and 

to detect  var i s t ions  i n  f ractur ing i n  the bedrock was mrde by 

running two r e s i s t i v i t y  prof i les .  

I 



2 

I 
FIGURE I - INbEX MAP SHOWING LOCATION OF MAP 9ZB-0663.2.3 

' a  ARDMORL: AREA ' 
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Meld work, using the University of Victoria So i l t e s t  EX-2 

e l e c t r i c a l  - r e s i s t i v i t y  meter, was conducted over s period of  four 

dtjys i n  October, 1960. 

I. 

9 -1 

P R ~ N I O U S  XIE: 

The bearocic geology of south Vmcouver I s l s n d  was or ig ina l ly  

ma??ed rry C l q p  (1912) a t  B sca le  of 1 inch t o  6 miles, In the 

folloidng yew,  ClsD:, mii-opea the  s u r f i c i d  snd  bearock geology of  

t he  Victorih and Saanich mep areas a t  a sczle  of 1 inch to 1 ffiile 

(Cla?p, 1913). Iialstead (1967) pre3ared f i e l d  msgs of the 

s u r f i c i a l  geology of Saanich, a t  a s c d e  of 1:35003, m d  has a 

report i n  p r q a r a t i o n  on the hycirogeology of the  c o z s t a l  l o w l a d  

of Vancouver I s l i i n d  south of Nanaimo, 

Ti)PO&I.ikDZf 

The to?ogr@iy of the pininsula lhss 6 subaued relief,with 

l a rge  lovlznd &rei-s hcving elevbtions uy, to 203 feet above sea 

l e v e l  t na t  are flat t9 gently roll ing.  The h i l l s  t h a t  e x i s t  

such as Cloa4e ana iuorth H i l l  tt the nor th  end of the peninsula 

a d  %Et, Newton, just t o  the south of the stuay are&, rise v;lth 

few steer, slopes t o  elevations of over 409 and 1,909 f e e t  

respectively. 

mere the  r e s i s t i v i t y  o roz i l e s  were run I s  an area of ~ 

- 7  

subdued relief, (Figure ?). Jlso on Figure 7 ,  the suspected 
highly f ractured zone a i d  t he  bedroc< chamel hare been shown. 
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FIGURE 2 
* .  SAANlCH PENINSULA - VANCOUVER ISLAND 
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CONTOUR INTERVAL SO FT. 
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CLIXIATE 

The climate can be described as a cool Mediterranean 

(Day, Farsttid, and L d r d ,  1959) a d  represent the f a r thes t  north - .  

poleward advance of a true Uediterranesn climzte, 

The climate i s  temperste with an merage annual prec ip i th t ion  

of 33 inches, ?,OOQ hours of sunshine, and 8. mean mual  temperature 

of 13 degrees C, 

- SOILS 

The soils for tine krdnore area are  described i n  Report 

Number 6, of the 3ritish Columbia Eoil Lurvey, 1959, by J, fl, b y ,  

L, Farstza and DOG. Laird, 

the  underlying ?&rent surficial geological r iwter ias ,  

The soils msps can be EII ind ics tor  of 

Figure 3 

is z reoroduction of the  soil mE:,p of  t h e  krdmore erez a t  a lc rger  

sc6.l e, 

BED3r)C'C GE3LOGY 

T h e  bearoclc underlying the study areE consists of h l a rge  

batholith,  c a l e d  the Saanich Grmodiorite (Clapg, 1913)- 

It i s  a light-colourrd, meuium grsined granodiorite, gracing 

towsras cuhrtz uonzonite and qukrts. d io r i t e .  Z x t a s i v e  s i l l s  of  

aac i te  por'pily'ry bre i ~ s o  qresent i n  this u n i t  (zu l le r ,  1975). 

Potassium Ardon iige ahtings htive p l h c e d  t h i s  unit i n  the e m u  t o  

miadle J u r a s s i c  time s ~ a n  (;hiller, 1973). 
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The Eaanich bathol i th  is associated with t h e  minor d i o r i t e  _ -  
and granodior i te  porphyrites. 

of dykes (Clapp, 1913). 

These occur p r i n c i p d l y  i n  the  fom 

The granoaior i te  I 3  very well exposed along the  shore of the 

study srea,  where i t  i s  great ly  jointed and frscturec, 

Clapp(1913) noted t h a t  all of the in t rus ive  rows viere 

greatly jointeu and frtictured, but i t  wzs only the Gasnich 

granoaiorite t h a t  hss  regular a d  lerge joints; atfiough d l  of 

t he  ba thol i th ic  rocrcs zre broken 'by j o i n t s  vrkiich have E persistent 

nortn-south striice, tie a lso  noted the  rocks have been Lore or l e s s  

shebred, of ten  greatly,  develo?ing vdde shezr zones a d  these 

usually corresgond i n  striice w i t h  the foliation a d  hzve, therefore, 

a g e n e r a l  northwest-southesst strike. Traverse f rhctures  d s o  

occur along which more o r  l e s s  lriovement hzs tsken plsce. 

Figure 4 snows how ii well 3,893 f t .  north west of  the 

Pendray irrigzit ion w e l l  vias effected during the Dumping ?erioas 

of t he  Pendra;j well, suggesting major f rsctur ing e x i s t s  mtween 

them. 
J' 

SURFIC'IAL GEQL9GY 

For the  most p m t ,  i n  the  study tire&, the s u r f i c i d  deposits 

are thin,  This can be observed by studying the isopEck nap of the 

s u r f i c i a l  aeposi ts  ( f igure 5). 

well d r i l l  logs  on f i l e  t t i th the Wdrology Section of  t he  B r i t i s h  

Columbia, Unis t r -y  of Environment. Table1  i s  a scnedule of these 

water well urill  logs and Figure6  i s  8 locat ion RE? for these wells. 

T h i s  m e p  was Dre?Lred from water 
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They Eire located by giving each vel1 sn unique number within the 
- .  

legal Section and R a g e  i t  occurs in,  

The isor,zch xnz? shows readily the  suspected bedrock channel, 

extending from the hezd of Coles Bay and trending north-east from 

there, 

Along the  shore-line i t  was found that comonly the deposition 

vtas cliiy over till over granodiorite, 

missing though. This till vnulu be the  Cordova rill v;hich 

Clap? (1913) snd h'alstead (1967) have described as a buff to 

yellowish smdy till found lying direct ly  ugon bedrock or  i n  

Often the till l q e r  is 

bedrock crevices arid depressions, 1ialster-d (1967) suggests t ha t  

this u n i t  mey reoresent the e h r l i e s t  g l sc i s t ion  of the mea, 

Inspecting the schedule of wells (Ttible 1 ) shows that the 

sequence: clay over till over g r m o d i o r i t e  with  the  till missing 

a t  times i s  cou3on to much of the area, the p ic ture  (Fig, 7 )  I s  a 

good exmole of t h i s  sequence, 

REST smvr TY SURVEY 

ESECTRTC R 3 T  m v r m  SJRVNI~JG 

Electr ic& resistivity surveying is a geophysicd prosgectinG 

ogeration, in which mezsuraents  of ear th  r e s i s t i v i t y  &re bade 

frorn the eer ths  surfsce, Figure8 i s  B picture  of  the r e s i s t i v i t y  

e q u i p m a t  used for this 3roject.  

Because verious types of  ear th  mater ia ls  gene rd ly  exhibi t  

charac te r i s t ic  v d u e s  of r e s i s t i v i ty ,  s t r a t a  of differ ing mter ia ls  

can be ident i f ied ;  t ha t  is, h i g h l y  r e s i s t i v e  sands, gravels, m d  
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Figure p Shore-line picture showing 

the common geologicd sequence 

clay over till over granodiorite. 
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Figure B Soiltest  -2 Electrical Resistivity 

Meter, Electrodes, Cable, and Data. 
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granite can be d i f fe ren t ia ted  from low r e s i s t i v e  materials such as 

clays, w e t  s i l t y  so i l s ,  and formhtions saturs ted with groundGter 
. >  - , -  . e.. + .-• with ' '&  high sa l in i ty  content. Table 2 gives a resistivity 1 : -  . -.- -\ 

correlktion of some types of  materials, 

Res i s t iv i ty  measurements are obtained by using four electrodes 

s e t  in the ground, 

o f - these  and the  voltage drop across the o ther  tvm is recorded, 

The common arrangement I s  the  Fermer configuration with the 

electrodes equally spaced along a st raight  l i n e  as shorn i n  

Figure 9, 

A current is appl ied to  the gmund through two 

The apparent r e s i s t i v i t y  of the esrth mater ia ls  penetrated 

are computed f r o m  the potent ia l  drop, the applied current, and the 

electrode spacing, 

This value obtained is referred to  as the appizrent r e s i s t i v i t y  

of all the materials  dom to a-depth t h a t  i s  proportioneit to the 

electrode spacing, Apparent r e s i s t i v i t y  i s  a weighted average of 

the res is t ivi t ies  of the individual s t ra ta  penetrated, 

The depth of penetration, for depths above about 100 feet ,  

ind ica te  t h a t  t he  depth of current penetration is nehrly equivalent 

to the distance between adjoining electrodes, 

When applying the r e s i s t i v i t y  method, some data from t e s t  

holes fo r  geologic control are  required. The various depths and 

thicknesses of s t r a t a  penetrated the t e s t  holes, h a p  to  

determine empirically some rule t h a t  r e l a t e s  apparent resistivities 

to irnoorar subsurface conditions a t  the control points, . '? 

/ ELectrical r e s i s t i v i t y  studies can be conducted I n  tm ways: 
. depth p r o f i l e  and the step-traverse procedures, 



Figure 9 The Werner Electrode eonfiguration used 
Wring the Pro Sect. 

Appbrent earth res i s t iv i ty  i s  determined 
measuring the voltage drop between tm interior 
electrodes when current i s  passed through the 
earth between outer electrodes, Sounding depth 

varies with the  electrode spacing, Arrangement J shown i s  mown as the W~mnner configuration, 

, . . . . ._ .. . 
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In  a depth-profile the data  i s  obtained a t  a single s t a t ion  

te by taking a series of resis tance readings a t  differen 

electrode spacings and then one p l o t s  the apparent r e s i s t i v i  

ageinst  electrode spacing, 

The step-traverse procedure involves taking readings a t  a 

series of s ta t ions,  with the same electrode separation a t  each 

s ta t ion,  along several para l le l  l ines .  

Certain f i e l d  conditions can i n t e r f e r e  with the use of 

e l e c t r i c a l  res is t ivi ty  surveying, such as: buried conducWrs 

l ike  pipel ines  and cables, fences with m e t a l  posts, overhead 

high-voltage transmission l ines ,  and water percalating into the 

soil immediately after a rain. / 
RES1 STIVITY PROFILES 

For the  two resistivity p r o f i l e  l i n e s  run for this project ,  

the double electrode in t e rva l  t raverse  method was used, T h i s  

method employs two electrode spacings-thus, t m  readings-at each 

s t a t ion  on the survey l i ne ,  The spacings used were 105 f t ,  and 

52 f t ,  

mater ia ls  lying near the  surface would differ enough i n  resistivity 

charac te r i s t ics ,  so that  along the p r o f i l e  l i n e s  one could i n t e r p r e t  

the m a t e r i a  a t  depth. 

Using t h i s  method and spacing It was hoped tha t  the 

The locat ion of r e s i s t i v i t y  l i n e s  1 and 2 and wells used for 

Figurell urd12 are c ros~+  
? *  

control points  are shown on Figure 10. 

sections drawn up f r o m  l i thology data  obtained f r o m  the w e l l s  used 

as control points, Below each cross-section, the appropriate 
d' resist ivity p ro f i l e  has been posit ioned so tha t  a n a l y s i s  c8n 

.. .. .. . . .  . ... . . . - .  .. . .-. I... . - - 1 -  -.--.._I - . .  - 
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be more e a s i l y  c a r r i e d  out .  
res i s t i v i  t y  prof i 1 es . Table 3 i s  the f i e ld  da ta  used t o  c o n s t r u c t  the 

INTERPRETATION 

P r o f i l i n g  is  
analysed t o  e s t a b  
d r i  11 hole da ta .  

va luable  when the readings from many s t a t i o n s  can b e  
ish trends, and-can  be c o r r e l a t e d  a g a i n s t  known d a t a  from 

Also i t  must be k e p t  i n  mind t h a t  the material  a t  a p a r t i c u l a r  d e p t h  
will not have a r e s i s t i v i t y  i d e n t i c a l  t o  the reading, a s  the reading 
represents a weighted average of a l l  the resistivities present. 

F igure  13 i s  a Sodium Chlor ide  Isocon Map f o r  map sheet 928.063.2.3. 
I t  is  included t o  a i d  i n  the i n t e r p r e t a t i o n  a s  the r e l a t i o n s h i p  of s a l i n i t y  
of groundwater can provide a b a s i s  f o r  eva lua t ing  resistivities, a s  well as 
a b a s i s  f o r  p r e d i c t i n g  the probable success of r e s i s t i v i t y  surveys f o r  
specific exp lo ra t ion  problems. . 

From Figure 11, l ine  #1 can be interpreted a s :  

S t a t i o n  1-9 The res is t ivi ty  readings verify the p r o f i l e  drawn from the 
d r i l l  log da ta .  The smaller e l e c t r o d e  spacing (52 feet)  
shows higher res s t i v i t y  on either side of the bedrock 
channel and much lower through the middle s t a t i o n s  which 
would verify the e x i s t e n c e  of the channel a s  shown by the 
d r i l l  log da ta .  

A t  s t a t i o n  6 and 7 the l a r g e r  e l e c t r o d e  spacing (105 feet)  
shows lower readings and this could be caused from the low 
resist ivity c l a y  loca ted  there. Also there i s  the 
p o s s i b i l i t y  t h a t  major f r a c t u r i n g  may e x i s t  i n  the bedrock. 

S t a t i o n  10 T h i s  s t a t i o n  i s  o f f s e t  quite aways o u t  i n t o  a f i e l d  where 
the c l a y  l a y e r  l ike ly  thickens and has caused the 
resistivity t o  be much lower than one would a n t i c i p a t e .  
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S t a t i o n  11 This shows a very resistive formation close t o  surface as 
the drill logs verify. 

S t a t i o n  12-13 The resisitivity readings here are st i l l  showing a very 
resistive formation b u t  getting less towards the north. 
This could be a sign of the h i g h l y  fractured bedrock t h a t  i s  
f e l t  to exist i n  this area. 

An interpretation of line #2 (Figure 12)  is:  

S t a t i o n  1 This appears t o  be like S t a t i o n  6 and 7 of line #1 and this 
correlates w i t h  the nearby d r i l l  log.  

S t a t ion  2 I t  i s  hard t o  explain what occurs here, and i t  is  the only 
station t h a t  shows a lower resistive layer under a more 
resistive one. I discussed this w i t h  personnel from the 
Geotechnical Section o f  the Highways Department and they 
felt either the bedrock was deeper and the wider spacing 
d i d n ' t  reach t h a t  deep, or, what I feel is  a mre likely 
explanation, t h a t  the bedrock is very fractured and 
weathered and the groundwater contained i n  i t  may have a 
h i g h e r  chloride content. Groundwater w i t h  a higher chloride 
content is  known to exist i n  the bedrock i n  the nearby 
irrigation well. On October 1, 1980 the chloride content of 
the i r r i g a t i o n .  well water was tested as 171 rng/L. 

S t a t i o n  3 and  4 These resistivity readings appear t o  show a low resistive 
clay over a shallow bedrock w h i c h  i s  rising to the north.  
This would agree w i t h  the interpretation shown i n  the 
cross-section drawn. 
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CONCLUSIONS 

SUMMARY AND CONCLUSIONS 

Using r e s i s t i v i t y  equipment, two double e lec t rode i n t e r v a l  t raverse  
l i n e s  were run and good c o r r e l a t i o n  was obtained w i t h  cross-sections drawn 
f o r  these areas from e x i s t i n g  d r i l l  l o g  data. 

I nd i ca t i ons  o f  a shallow bedrock channel and v a r i a t i o n s  i n  the bedrock 
f r a c t u r i n g  were found w i t h  the r e s i s t i v i t y  equipment bu t  due t o  equipment 
malfunctions i t  was no t  poss ib le  t o  do f u r t h e r  r e s i s t i v i t y  work. 

To de l ineate  the ex ten t  o f  the bedrock channel and poss ib ly  ob ta in  data 
on the va r ia t i ons  i n  the bedrock f r a c t u r i n g  more r e s i s t i v i t y  l i n e s  would 
have t o  be run between the two completed. 

I n  con junc t ion  w i t h  the r e s i s t i v i t y  equipment one should a lso  take 
seismic readings as the two instruments are sens i t i ve  t o  d i f f e r e n t  physical 
p roper t i es  o f  the subsurface mater ia l  s. 
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c lay  C gravel  
a t  28 
r e d  c lay  

red  clay and 
boulders . 
0-6 c lay  
6-E t i l l  

s o i l  

s o i l  
s o i l  
c l ay  

1-31 c lay  
31-44 t i l l  
.. . 

Aemrrhm - 
00 - 
IO 

*ac 
'ac 
'ac 

' I C  

Wac 

,5 

-ne 

'ac 

lil 
t5 

L O  

1.9 

r.0 

- 
200 

8.3 
- 

1 .I 
2.0 

.1 

.5 

.I 

.5 

1.5 

1.0 

'PIC 
4.C 

.5 

.5 

3.0 

- 
400 - 

50 

1.0 

20 

i.0 

10 

.25 

- 
600 - 

20 

- 
700 - 

I 

300 - 

2.0 
6.0 
12 

30 

2.0 

5.0 

.5 

7s 

1s 
2.0 

20 

- 
500 - 

5.0 

BO 

8.0 

- 
L 

t. 
- 

0 gpm mas obtained u i t h i n  35 ft. of surface bu t  7 
t was cementrd o f f .  
0u.w f e l t  t h i s  urs a t r u r  non-pumping urter l e v e l  
as t h i s  w e l l  had been pumped very l i t t l e  dur ing th- 

;a; 

8 

- 
hen i n i t i a l 1  d r i l l e d  i n  A p r i l  1978 t h i s  u e l l  obtained 
2 gpm a t  55-10 feet  bu t  in Sept. o f  1979 the ouner had 
u a n t i t y  problems and had the u e l l  deepened. - - - 

! 

. . - .  , 4 . -  



-.--- 
Yo11' 
Yo. 

1 
2 

-- 
3 

4 

5 

6 

7 

-- 
-. 
- 
- 

Oopth 
( f t)  

10 
133 

77 

75 

:'a5 

60 

130 - 
8 

9 
- 
10 

II 
-- 
12 

13 

14 

15 

16 

17 

- 
- 
-. 

-. 
-. 

-. 
18 

19 

20 

-. 

-. 

155 

124 

100 

122 

225 

125 

PO 

139 

155 

150 

175 

300 

100 

.-., . 

-- 
h p t h  
t o  

ledrock 
(ft) 
- 

13 
22 

15 

11 

18 

9 

19 

l b  
22 

22 

12 

14 

22 

14 

9 

19 

26 

27 

19, 

' I' . ; * t*  .I 

- 
urf. 
lor. 
AMSL 
ft) 
- 

35 
32 

b5 

25 

33 

32 

30 

34 

35 

31 

34 

a5 

4 3  

34 

33 

82 

50 

\ 

36 

65 

42 

. .  

- 
tepor- 
ted 
r l e l d  
[lgpm) 

5.9 
5.8 

- 

5.8 

3.1 ' 

15 

10 

3.8 

2.5 

5.0 

5.0 

8.6 

10 

16.6 

8.3 

13 

1.2. 

30 

6.0 

8.0 

6.0 

-- ----.-_-. 

C u m u l r t ~ r o  V i a l d  (igpm) o f  F r r c t u r o r  
i n  Oopth Range8 I n  f e e t  from 0 to: 

S u r f i c i r l  
M a t e r i a l  

( f t l  

Depth t o  
Non-pump. 
l n p  Ytr. 
Lovol  
. ( f t )  - 

Sept. 1962 

Dct. 7/79 
9 .  

27.0" 

7 
Junr 1962 

J u l  1963 

Nov. 1963 
6 

Dec.1964 
6 

L p r i l  196 
20 

L p r i l  196 
8 

Lug. 1966 
19 

June 1967 
20 

Dct. 11/79 
28.3 

Sept.1968 
15 

Eept. 1967 
15 

Juno 1972 
10 

June 1970 
20 

llrr .1970 
6 

Dct.1972 
22 

25 

Dct .17/79 

Fek%/80 
f l o u i n g  

Dc t .12/7 9 
26.5 

:cb.29/80 
10.9 

- 
500 - 

'- . 

- 
600 

... 

- 
IO0 

5.8 
I 

5.8 

3.1 

15 

10 

5.0 

1.5 

0.3 

r rc1 

n i l  

r rc i  

6.0 

- 
200 - 

. .  

5.8 

3.e 

2.5 

5.0 

6.6 

10 

16*! 

13 

1.2 

30 

6.0 

4.0 

- 
300 
- 
400 

c lay  
1-19 c l r y  
19-22 t i l l  

1-10 c l a y  
10-15 t i l l  
0-2 c l a  
2-11 t i l l  
0-14 c l a  
14-18 t i l l  
c l r y  

0-11 c l a y  
11-19 t i l l  

16- 6 t i  1 
2-11 c l r 1  

1-16 C l a y  
16-22 t i l l  
0-9 c l a y  ' 

9-22 t i l l  

1-8 c i a y  
8-12 t i l l  ' 

2-11 clay 
11-lb t i l 1  . 
1-21 c l a y  
21-22 
1-10 c lay  
10-14 t i  11 
0-8 c l a y  
6-9 t i l l  I 

1-16 c l r  
16-19 t i l l  
0-23 broun clay 
23-26 r a  e l  E 

!a"! 

0-27 c l a y  E 

0-19.5 c l a y  E 
g rave l  

g rave l  
0-22 broun clay 
22-25.5 gravel  

- 
'Yel l  may n o t  hrva f u l l y  recovrred IS ' i t  vas pumpod f o r ,  
domestic p u r p o s e r  p r i o r  t o  t h i s  reading. 

'.; 
0 .  

. -  

' .. . - 

25.5 

, .  I 
. . . . . . .  , 
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e b 

. .  t- ?* * . 
e .  

! I 
a 

I_ -._-I_- - .-._.--_. --. .. . 
Cuau1otf;e Ylald  (igpm) o f  F r r c t u r r s  

i n  Oopth Ranges I n  r e s t  f r o r  0 t o t  

. .- .... .-.. -._ .. _...-. . . . . -.. - 
iurf .  
: l ev *  
: A R S l  
:w - 
85 

34 
32 
20 

35 
50 

48 

50 

55 

34 

--.- 

Iep lh  
t o  

l rd rock  
(ft) 
- 

10 

16 
13 
30 

13 
14 

15 

18 

15 

- 
10 

14 

42 

35 

25 
15 

19 

0 
14 

.- 

I rpo r -  
l ed  

[ i9Pr )  

4.0 

r i e i d  

- 

'4.5 
10 
4.0 

6.0 
10 

3.75 

4.0 

2.0 

- 
410 

414 

5.0 

8.3 

3.3 
1.25 

5.8 

2.3 
1 .o 

. 3  

-- 
2Y 

Y e l l  Depth 
No. ( f t )  

21 250 

-. 
22 250 
22 250 
22 150 

-- 
25 150 
26 125 

27 250 
-- 

-- 
28 270 

29 425 

30 90 
-- 

E 3Y 

1 105 

2 110 

3 91 

4 130 

5 200 
6 120 

7 112 

8 143 
0 125 

10 145 
11 . 150 

-- 
-- 

~ 

Depth t o  
Non-punp- 
i n g  Y t r .  
Leve l  

( f t)  
hpr .28/80 

12.8 
Det. 15/70 

25.60 

- 

Flows i n  
w in te r  
lug. 10179 

48.6 
Feb.2918e 
18.8 

Aug.18/75 
34.8 

f eb.29/8[ 
4.4 

Flows i n  
w in te r  
Oct. 12/7! 

22.8 
Apr .28/81 

8.1 - 
23 

une 19/71 
28.3 

pprox.30 

Doc. lo/?! 
27.5 

10 
-. 

S u r f l c l a l  
R a t e r i a l  
( f t)  

Remarha - 
LOO 

.5 
- 

raci 
rec i  
rac i  

1.5 
2.0 

.5 

- 
410 

5.0 

1.2' 

1.0 

.. . 

- 
500 
7 

!.O 

- 
200 

4.0 
- 

2.0 
4.0 
4.0 

6.0 
10 

1.0 

2.0 

+14 

8.3 

3.3 

5.E 

2.3 

3. 

.. . 

300 - 

4.5 
10 

1.75 

b.0 

.S 

c l a y  

0-16 s o i l  E cla! 

0-29 s o i l  E c la ]  
29-38 grave l  E 
broken g ran i te  

0-13 S o i l  E ~101  

0-13 c lay  
0-12 c lay  

0-2 s o i l  
2-10 t i l l  . 
10-15 c lay  c 

grave l  
0-5 c lay  
5-11 g rave l  

0-15 brown s o i  

11-18 t i l l  

' c l o y  

c lay  c t i l l  

0-23 Clay D t i l  
23-42 t i l l  
0-16 c lay  
16-35 t i l l  
0-25 c lay  E t i l  
0-4 c lay  
4-15 c lay  L t i l  
0-19 c lay  

0-11 c lay  
11-14 t i l l  

w .  to 

;s; 

- .  

rrga f l o w  a t  95-100 ft. A t  10 gpm b a i l i n g  modo l ittlr 

,tween 103-110 ft. a very l a rgo  f l ow  o f  water i s  
i p r r r r i o n  on water leve l .  - 
,ported. - 

33 

33 

41 

20 

28 
22 

30 

30 
40 

26 
30 

. .  
b 

-. 

. .  

- .  - 
- 
- 
4 

! 
Sa l t  water problem occurs i t  w e l l  is p w p r d  t o o  lo= 



l o .  ( f t )  

12 100. 

13 225 

220 

-- 

Ir - 

-- 
15 110 
16 84 
17 280 
1 125 

2 94.5 
3 100 
4 167 
5 110 
6 115 
7 86 
8 142 

9 100 

10 103 

11 96 

-- 

12 ei 
-. 

13 125 

14 55 

15 105 

16 178 

17 80 

i e  200 

19 225 

- 
,urf. 
lev. 
AMSL] 
f t  1 
- 
43 

30 

41 

32 
30 
41 
36 

24 
30 
24 

26 
28 
21 

96 

- 

211 . 

so 

53 

ee 

54 

63 

61 

66 

110 

48 

73 

~~ 

)ept)C to 
ton-pump- 
Lng Ytr. 
.eve1 
. ( f t )  

Mar.1967 
- 

13 

ipr. 2/80 
22.4 

60.3 
iot.l9/8O 

Dec.1973 
37 

pprox. 12 

Fab. 1962 

Oct.1965 
27 

16 

16 
July 196 

8 .  
Au .1967 

llar.1972 
8 

iept. 1968 
20 

3ct.1968 
18 . 

lee.1969 
8 

J u l y  1969 
14 

June 2310 
18.2 

ndv. 1965 

Pa 

. ... 

Surficial  
Material 
( f t )  

-7 clay 
-14 t i l l  
-10 ro i l  and 
roken rock 
1-17 clay 

: lay 
:lay, till 
1-19 clay ' 

till 

:lay 
Boil 

t i l l  
clay 
clay 
0-4 clay 
b-9 till  
0-13 clay 
13-15 till 
clay 

0-15 clay 

clay 

1-17 clay 
17-45 t i  11 
1-10 C l 8 Y  
10-12 t i l l  
1-20 clay 
20-34 t i l l  
1-15 Clay 
15-23 t i l l  
0-4 clay 
4-8 t i l l  
c lay  

red clay b 
boulders 

15-16 till  

0 

- 
Iepth 
t o  
ledrock 

( f t )  
- 

14 

10 

17 

22 
12 
19 
6 

6 
5 
0 
5 
9.5 
6 
9 

15 

8 

16 

11 

45 

12  

34 

23 

- 

e 

8 

12 

t' . .  

- 
Iepor- 
:ad 
' i r ld  
i9Pd 
- 

4.1 

8.0 

2.5 

5.8 
2.0 
50 
4.3 

1.6 
5.0 
5.0 

2.5 
10 
3.0 

12 

3.3 

1.5 

10 

7.5 

20 

6.6 

5.0 

6.3 

1.5 

2.0 

- 

1.e 

-- --.---- 

Cumulative Yield (iqpa) o f  Fractures 
in Depth Ranges i n  feet  from 0 to: 

- 
100 

4.1 

rrac 

trac 

- 

1.0 * 
1.6 
5.0 

I d  

10 
.5 

12 

3.3 

7.5 

10 

20 

6.3 

.S 

.25 

- 
200 - 
I75 

2.0 

5.e 

2.0 
4.3 
- 

5.0 

2.5 

3.c 

'7.5 

6.6 

5.a 

1.5 

2.0 

- 
300 - 
8-0 

.5 

- 
700 - 

Remark@ , 

I 

, -  

pprox. SO gpo o f  s a l t  mater a t  fracture a t  280 f t .  

- 
-. 

' 1  
I - 
- 

i '  

1 
. .  . '  

. . .  . . , . . .- 
. ~ .. - .. .. , _ .  . .^.. __._. . . . .  . . . - 



-- 
2 
3 

4 

5 

6 

7 
8 

-- 
9 

10 

11 
12 
13 

15 
15 

16 
17 

IO 
19 
20 

-- 

-- 

02 
110 

90 

114 

45 

120 
94 

140 

173 

272 
200 
44 

275 
100 

220 
175 

150 
402 
272 

. . . . . .  , . , .  . 

I' 

' m  
. .  

i 

- 
turf 
l l r v  
[ANSI 
[ f t )  
- 

95 
110 
64 
56 
75 
60 
- 

38 
24 

30 

28 

20 

50 
70 

91 

56 

66 
122 
70 

I04 
58 

72 
70 

100 
100 
70 

- 
Depth 

t o  
Bedroc 

(F t )  

e? 

- 
0 

16 
5 
13 
20 
- 

10 
15 

25 

30 

23 

12 
9 

30 

0 
. 30 

2 

6 
9 

7 
3 

5 
11 
25 

Depth tc 
Non-purr 
i n g  Y t r ,  
Level 

I f t )  

Repoi 
t r d  
l l e l c  
( i 9P l  
- 
7.0 
4.5 
8.0 
4.0 
5.0 
5.0 
- 

3.3 
5.0 

6.0 

4.1 

1.3 

4,s 
1 .e 

s.0 

4.1 

4.0 
1.0 
4.1 

8 
5.0 

3.c 
4.0 

4.0 
3.0 
60 

IAIQ 3 

21 200 
22 335 

Cumulatlvo Y l r l d  ( i gp r )  o f  F r a c t u r r a  
i n  Depth Ranges i n  fret f r o r  0 to: 

S u r f  IC lr 1 
M a t e r i a l  
( f t )  

brown c l a y  
r e d  c lay  
c l a y  
r e d  c l a y  
c l a y  
0-13 c l a y  
13-20 clay, 

g rave l  
c l a y  

5-15 c l a y  t til 
0-5 c l a y  

0-13.5 c l a y ,  ' 
13.5-25 t i l  1 
0-16 c l a y  
16-30 t i l  
0-8 c lay  

c l a y  
1-2 c l a y  

0-23 t i l l  

2-9 t i l l  

0-23 Clay 
23-30 t i l l  

c l a y  Epand 
r o l l  

r e d  c lay  
r o d  c l a y  and 
boulders 
r e d  c l a y  
r e d  c lay  and 
bou lde r r  
r e d  c l a y  

0-2 a o i l  
2-22 b r o w  c la ,  
22-25 b lue  c la i  

t pave1 

tic 

- 
6 

- 
? 

Rr8srkr - 
101 

Fi 
1 .I 
lrc 
0.1 
1 .I 
5.' 
- 

3. 

6.1 

1. 

1. 

4. 

1;1 
1..1 

r ac 
'.5 

rac 

- 
200 

1.0 
4.5 
l rac 

- 

5.a - 

5.0 

5.1 

4.5 

5.8 

4.1 

75 
I .a 

0.0 
5.a 

1.2! 
4.0' 

4.0 

.75 

- 
300 - 

3.0 

1.0 

3.0 

..s 
10 

bpprox. 1 

Overflow 
i n  u l n t e  

15 

June23/0I 
3.9 

Aug.21/7 
40.0 

F eb. 2917 
9.9 

June l9 l l i  
15.6 

Sept .196 
15 

IMP. 1972 
10 

f l o u c  i n  
w in te r  

. .  

rpt.79 
pprox .S.t 
u l y  8/00 
lowing 

t 

b 



i 

- 
iurf. 
:lev.  
: I N S 1  
:ft) 

128 
136 
114 

60 
50 
60 
50 
60 
40 
96 

110 

98 
98 

110 
110 
122 
115 
48 
50 
75 
90 
75 
65 

45 
45 

- 

- 

- 

Depth t o  
Won-pump 
i n g  N t r .  
Level  

( f t l  

t ry  1979 
15 

'0 

lm.1965 
16 

;apjd1971 

! 

una22/72 
43.5 

p r i l  417 
33.90 

S u r f l c i r l  
I l r t e r f a l  
( f t)  

0-12 c lay  

c lay  C brown 
r o i l  
moil  
r o i l  
I O i l  

c lay , 

B o i l  
0-5 c lay  
5-14 t i l l  

k!O %Y 
c lay  

r a v e l  C rand 

ail loorr roc  
,oil 
I r y  C r o f t  roc  

0 

l 0 i l  

. .  

h p t h  Repor 

ledrock Y i e l d  

4.0 
3.0 

2 
1 
2 
16 

2 
14 

.20 

17 
26 ? 
25 
27 
12 

12 
4 
27 
6 ,  - 
6 
0 

- 

3.3  
3.3 
1.3 
7.5 
4.0 
1.6 
4.1 

5.0 

2.8 
5.5 
1.25 
5.0 
1.0 
4.0 
4.0 
12 
25 
5.0 
I5 - 
8.3 
10 

. 
Cumulative Y i e l d  (igpm) o f  F r r c t u r e r  

I n  Depth Ranger i n  f e e t  from. 0 to: 
- 
100 - 

.O 

.3  
.3  
. 3  
.5 

.6 

5,0 

5.5 

-25 

roc( 

m.3 
IO  

- 
200 

.25 
4.0 
2.0 

- 

2.0 

4.1 

2.13 
5.5 
1.0 

I .5 
.5 

1 S.1 
rac i  

- 

- 
300 

60 

3.0 

4.0 

5.5 
1.25 
5.0 
1.0' 
4.0 
4.0 
.5 
25 

L 

- 
400 - 

5.5 

12 

5.0 - 

- 
500 

Remark* 

6008 d ry  i n  aummer 

- . .  -. 

-. - 
- .  -. 

The water l e v e l  r r r d i n g  may be i n  error  a r e  tho 
well had bean pumped du r ing  the  d ry  and f u l l  
recovery may not  h r v r  occurred. 

' . " 

, 

. .  . . . . .  
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RESISTIO'ITY CORRELkTION OF Y U m k L S  

* . 
TABLE 2 

REBfBTXVXTIEB OF ICNEOL'B & METAMORPIIIC ROCK8 

. *  , 
.- 
! c 
. .  

'a - 
h.. 

- 

100 

D.C, 

D.O. 

D.0. 

16 

16 

10-16 

16 ' 
ie 

16 

200 

200 

#K) 
ie 

- 

. 

. 

. 

- . _  . 

kum 

-_I_ 

Idaho 
Dnvaria 
Harr 

Y 

8. Australic 

Bsvaris 
Mincville 
Dnvaria 
Minevilla 

Y 

Bavaria 

Normandy 

Missouri 
Bclgian 

Congo 
Yoshington, 
D. C. 

Ncw found- 
land 

Miehigra 
a 
Y 

Gwcden 
WanhingLon 
D. C. 

Ontario 
Y 

Micbigao 
Ontario 

Iurbn 

- 
Spccimcnr 

Dinbsso 
Grani tc 
Dew inn da te  

Porphyry,@ cbir 
to80 

Scrpcntine 
Diorite 
Gnbbro 
Garnet gnciss 
Hornhlcnde 

gnciss 
Gray biotite 

gncin 
8ycnite 

In Situ 
Graphitic schis 

&his& 
Hard crlc. 

rehiat 
Mica rchist 

(hard packed: 
Quarts por- 

phyry 
(dightly al- 
tered) 

w m 

Kcwccnnwan 

C rcc nr tone 
Porous arap 

rock 
Prc-Cnmbrian 
Granite 

Glightly altered 
rycnite 

Mansive rein 
quarta 

Diabrse 
Betpentine 

h V M  

. 

Sandbcrg. 
Hunkel 
Ebcrt 
a 

Edgo 6 
L b Y  

Eve & K a p  
Hunkel 
b o  & B o p  
Hunkel 
Ltcl 

h a  dt Boy0 

Hunkel 

Gchlum- 
bcrger 

Poldini 
Gcofiiroy & 

Charrin 
3iah 6 

Roomy 
Kiblikdt 

Hotchkim, 
el. d. 

Rooney 

Sundberg 
Gish & 

Roomy 
Ki hlslcdb, 

a 

Y 

honey 
Kihlrtedt 

0 .  

. 
.. 

. .  . .  . 



e . ItESISTlVITIES OF CONBOLXDATED 8EDIMENTS" 

N- 
* -- 

. Ghalcr and Slalu 
Chattaoooga 

aha10 (Dov.) 

drift 
Nontrueh rhdo 

-0 & d d d  

8 h J O  

Orianeld u6iE 
lib 

.. 
.. 

Orin cld argil- 
lite 

Argillite (Mia- 

pre-Cnmbrinn 
thin-bedded, 
platy argillite 
rercmbler 
Grinncld 
Conglomaptu 

Great conglom- . crate outcrop 

Calumet & Htclr 
conglomerate 
Sandrfone 

EIskm rand- 

rOUla  ErOUp); 

rtone 

. Enokra rond- 
rtono 

Murchclkalk OB. 
(Triasoic) 

8anJntonc mer# 
Gary Oligo- . cene); rolt, 
friable; cx- 
tremely bin0 
grained u.; 
pale green to 

ellowirh and t uff; contrini 
thin bcdr of 
lignito 

Cent. 6 roua 
a 

Illlooh 

Houghbn 
CO., Micb. 

W. Xawoek, 
M l O h .  

kg0daViB 

N) oeo. 23, 
* N I W W  
Flathead 
Co., Moa- 

a 
(water% 

Edge) 

&c. 27, T at4 
R#)W, Flat 
head Ca, 
Monhna 

Eagle Harbor, 
Mich. 

Michigan 

Michigan - 

a 

Lorrrlno 

Coal Creek 
Road, Flat 
head Co., 
Montana 

*.l.M. 
ton - 

c - 
I 

I .; 

1. 

I. 

I. 
1. 

I. 

I. 
1. 
1. 
1. 
r. I. 

I. 
I. 
I. 
1. 

1. 

. 

. 

0 .. 

. . .  



38 . 

TABLE 2 cont'd r 

~ESIBTIVITIEB OF CONSOLIDATED SEDIMENTB 
I 

IT8m.A- 
To. - 
chlum- 
bcrgc: 

:ae- 
oigr- . 
krgei 

khlum* 
m 

a 

Poldid 

E d -  
man 

- 

I 

Yormbndy 

Switrcrland 

Lorraine 

Algeria 

Lorrain? 

Missisdppiaa 
(M issou ti) 

BW cor. ace. 1 
T2QN RIB1 
Flathead 

k n a  
CO., Mom 

Atmoricbn 88. 
compact Sili- 

.Ian 
Fcrruginour 

rnndslonc 
(Jurmaic) 

mur-OrdoVi. 

firnutom 
Muechclknlk Ir, 

(Triarsic) 
Limestone with 

lcnser ol 
hematits 

Hurchcl kdk 
oolitic Ia. Uri 
w i c )  

Limestone 

- Biyeh la., bard 
bomogeaeouc 
dark bluish. 
gray, riliccoi 
magnesium 
t.; pm-Caml 

_ .  

.. 
I 

. 

Wot to k i s t  d a p y  wilr 

w.1 to moirt raty d q  o l d  
rnd rihy war 

Moist to dry rilty 
end d y  oilr 

Woll-froctud to rlightty- 

meirt wil f d l d  dI 

S o d  ond growl WHh milt 

Slightly tmrhrnd bodrod 
with dry mil fillod crocki. 
bnd ond growl with 
byom of rilt. 

Moiiim bddod ond hod 
bodrock. Coono dry rand 
and gravol d.pqiiti. 

b o d r d  with .. 

. .. . .  

. .  
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TABLE 2 ( C m w ’ b )  

JIES18TlVITIE8 OF UNCONSOLIDATED FORMATION8 (MOSTLY 
QUARTERNARY) ’. . - * m 

Tomminor 

Jlarlr 
Marl & (typeurn 

Mntl kgyprum 
Jarniry marl8 
Marh 

ChV 
CIayr with Mg malt. 
CI.y (wet) 
Boulder day (no 

gravel) 
Marine clay 
Dry clay 
Wet clay 
Boulder day (wet) 

Alluvium (rnoiqb) 
8ilt (dry) 

Alluvium and gill 

Glacial 
River gravel (wet) 

Yellow river ean 
(3.3% moirlure) 

Yellow river ean 
(0.88% rnoirture) 

8tream gravel (wet: 

Y Y Y 

. 
River gravel (wet) 

. 

Imrmmy 

Llgcria 
mraine 

Y 

4urtralia 
h l e r t i  ne 
Hontana 

3ntarIo 
Yew Jetray 

Montana 

Montana 

U Y  

Y 

Wmhingtoi 
(8t.b) 

Y 
Y 

a 

Conncctiot 
Montana 

a 

Montana 

Colorado 

iohlum. 
bcrgcr 

Y 

. Y  

3cofiroy 

lboney 
Lochnbeq 
Erdmana 

HdcInr 
Feldmrs 

Erdnuno. 
a 

a 
a 

a 

a 
a 
a 

Leonardoo 
Erdmann 

Bundberg 
U 

al 

ErdmroD 

a 
0 

i e  
i e  
ie 

ie 
D.O. 

- 
1 IO .- 

1 

a 

I 
a 
e 
1 
I 

1. 

,a 
,a 
t0 

,4 
1. 

1. 
2. 
8. 
5. 
4. 
3. 
I 

1. 
1. 
1. 

8 ,  

a, 
a, 
e< 

8 ,  

4, 

4 .  
8,  - 

. 

. .  



TABLE 3 WSISTIVITY SURVEY FIELD DATA 

DPSRATOR: D, Johanson 

ECIJIWENT DESCRIDTTON: Soi l t e s t  Incorporated Nodel ER-2, Earth Resis t ivi ty  
Meter 

1,WATION OF SUWEY: krdmore Area, Saani ch Peninsula 

TYPE OF ELECTRODE CONFIGURATION: 3'enner 

PROFILING SURVEY: Double Electrode in te rva l  Traverse using 105 f t ,  and 
52 f t ,  Electrode Spacing 

LINE #I. DATE: ocr, 4. i9m 

STATION SPACING INST, DIAL INST, MULT COilIPUTED APPARENT EOIiWENTS 
NO HEADING FACTOR WSIETIVITY IN 

OHM-FEET 

1 105ft. ti50 -01 

52ftW 1475 

2 105ft. 490 

52ft. 470 

-01 

.81 

-01 

892-5 I n  front  of tennis 
courts  and l i n e  
passes over a stap-; 
wire tmund pipe 
and e l e c t r i c  l ine.  
Reading on meter 
fairly stable. 

774-4 Over time it 
dr i f ted  a l i t t l e .  

514-5 Readug a l i t t l e  
i n  sen si ti ve . 

246 I. 75 Reading a l i t t l e  
insensi t ive,  

. --. ' \  



LfNEfCl Cont. 

STATION SPACING INST. DIAL INST. ?NLT COUPUTED APPARETJT COMMENTS 
NB READING FACTOR RSSISTIVITY I N  

0 Kd-FmT 

3 l05ftL 

52ft. 

4 1Q5ft. 

S'c'ft, 

5 105ft. 

6 105ft. 

52ft. 

7 105ft. 

52ft. 

8 105ft. 

52f t  

9 105ft. 

52ft. 

890 

550 

66 

680 

1183 

600 

30 

t 53 

575 

586 

1 :In 
14Xl 

1461 

1842 

.01 

.01 

01 

001 

-01 

0 01 

m 1  

0 1  

001 

. 01 

.Q1 

.01 

001 

.01 

9M.5 

2880 75 

693 

357 

124F.15 

31 5 

31 5 

x 278.25 

422.6 

30 7.65 

1334.5 

745.5 

1534.0 5 

967.05 

Very good null .  

Very good null .  

Very good nul l  
a t  .lo 
Very good null. 

Good null .  

Good null .  

DATE: OCTO 9. 1980 

In pasture about 
40 ft. from wire 
fence. Good null. 
Good null .  

Good null. 

Good nul l  

Good null. 

Good null. 

Very good null .  

Good null. 

. .  . :. 



LINE # 1 Conto 

STATION SPACING INST, D I A L  INST. W T  COidPUTED APPARENT COldhlENTS 
NO READING FACTOR RESISTIVITY IN 

I 

.&# 105ft. 

52fto 

11 105ft. 

5 2 f t 0  

12 105ft. 

52ft, 

13 105ft. 

52ft. 

L r n  #2 

1 105ft. 

52ft0 

2 105ft- 

52ft, 

r 

3 105ft- 

52ft0 

524 

602 

290 

390 

2475 

2747 

1330 

888 

325 

001 

001 

0 1  

0 1  

001 

001 

001 

001 

-01 

384 001 

, 318 -01 

819 -01 

700 001 

568 -01 

507 091 

550.2 

316.05 

3045, 

2047.5 

7598.75 

1442.17 

1396.5 

466.2 

341.25 

201.6 

33309 

4a.9'1 

735. 

298.2 

616.35 

Good mtll. 

Good null. 

Good null. 

Good null. 

Good rmll. 

Good null. 

Good null. 

Hard to repeat 
readings. 

OCTO 11. 1980 

Some. driftifig. 

Good null. 

Good null, 

Good null. 

Good null. 

Good nul l ,  



. . .  

LINE #2 Cont. 

. -  
': t a <  52fto 768 -01 403.2 Good null (s l ight  ' 

dri f t ing)  

to rain). 

4 

5 105ft. 8 c 3 8  001 079,9 Good null (Began 

52f t . 663 001 348.07 Good null. 

. .  



To: J.C. Foweraker, Head 
Groundwater Sect ion 
Water Management Branch 

Date: April 29, 1985 

Our File: 92 B/11 

Re: R e s i s t i v i t y  Survey Ardmore Area, North Saanich 

Please f ind  a t tached  a r epor t  completed f o r  Geography.476 a t  the Universi ty  
of V ic to r i a  i n  the f a l l  of 1980, e n t i t l e d  "Double Electrode R e s i s t i v i t y  
Survey Ardmore Area, North Saanich. I' 

I t  draws much of i t s  data  from my r epor t  "Hydrogeology of Ardmore Area, 
North Saanichll and was i n i t i a l l y  t o  be incorporated i n t o  t h a t  repor t .  

T h i s  copy of the r epor t  was prepared f o r  the Groundwater Sec t ion  N.T.S. f i l e  
and I hope i t  is  found to be of interest. 

Dave Johanson 
Technician 
Groundwater Sect ion 
Water Management Branch 
387- 11 15 

DJ/dma 
Attach. 
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