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1.0 INTRODUCTION 

Kala Geosciences Ltd. (Kala) was retained by the Cariboo Regional District (CRD) to conduct a 
desktop study involving a water balance pertinent to 108 Mile Lake/Sepa Lake in the 100 Mile 
House area.  The CRD operates two high capacity water wells – WIN15892 (PW1-93) and 
WIN15895 (PW1-95) in close proximity to the lakes.  Concern has been raised in regards to 
declining surface water levels within the lakes over some time.  The regional district desires to 
better understand any relationship between aquifer withdrawals and surface water levels within 
the two subject water bodies.  The objective of this study is to determine if the withdrawal of 
groundwater is contributing to the decline of the lake levels and to what degree, from the 
estimation of the total amount of water entering and leaving and the change in storage in the 
aquifer via water balance analysis.  The terms of reference were established in Kala proposal 
document P0935, dated September 1, 2009. 

Explanatory figures append the text.  Appendix A provides average daily pumping records.  The 
water balance presented herein is currently a desktop estimate based on a limited data set.   

2.0 BACKGROUND 

Sepa Lake and 108 Mile Lake are located within the 108 Mile area northeast of 100 Mile House 
in the Cariboo Region of British Columbia.  The lakes are surrounded by 108 Mile Ranch, a 
community of approximately 3,000 residents.  108 Mile Lake has a surface area of 119.39 ha at 
an elevation of 883 m above sea level (ASL) with a mean depth of 7.3 m, and a volume of 
8,765,251 m3.1, 2  It is connected to Sepa Lake, a smaller lake to the south.  Sepa Lake has a 
surface area of 12.38 ha with a mean depth of 2.3 m and a volume of 285,200 m3.1, 2  The 
channel between the two lakes was dredged in the late 1980s allowing a free flow of water 
between the two lakes.1  A site location diagram is shown in Figure 1.3 

The 108 Mile Lake watershed includes Tubbs Lake, which flows into Sucker Lake, then across 
Express Meadow and downstream to 108 Lake, entering at the Heritage Site.  The watershed 
has a catchment of approximately 33.23 km2.1  Figure 2 is a map of the watershed.4  There are a 
series of hydraulic controls between the lakes to maintain surface water within the watershed.  
When the water levels in Sucker Lake are high enough to flow out, water is released through the 
west control on Sucker Lake, through the Ducks Unlimited marsh and into Express Meadow, 
then flows over the control on the west end of the meadow and down to108 Mile Lake.5  Since at 
least 2003, the water has been too low to flow out of the meadow, leaving the 108 Mile 
Lake/Sepa Lake as closed lakes. 

The controls are monitored and the west control is opened for a period in the spring in years 
when there is enough water to flow out.  The purpose of this monitoring is to allow water to flow 
to Express Meadow and 108 Mile Lake for the licensed water users (the golf course and RM 
Monical & Sons Ranch).  The west control was not opened in 2008 as the water level was not 
high enough to flow out.  It was open May 1, 2009; however, there was insufficient surface water 
flow.  The east control has not been opened for approximately 6 years due to low water 
concerns in the watershed.5 
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The 108 Mile community obtains potable and process water from two drilled water wells.  
Production wells WIN15892 and WIN15895 were completed within an unconsolidated deposit 
along the perimeter of Sepa Lake.  The wells are likely completed within provincially mapped 
Aquifer 131, but this is unclear as mapping is incomplete for the area and the site hydrogeology 
is complex.  The host aquifer for the two wells is leaky confined and the overlying confining layer 
comprises a clay layer approximately 10 m thick in the well field and it changes into silt and silty 
sand underlying the 108 Mile Lake.6, 7 WIN15892 is spatially located at 
N51º44.197’/W121º21.448’ and is bound by 108 Mile Lake to the north and Sepa Lake to the 
southeast.  It is a 305 mm by 77.36 m deep well, drilled August 1993.  WIN15895 is spatially 
located at N51º43.912’/W121º21.042’, and is bound by Sepa Lake to the northeast.  It is a 305 
mm by 80.77 m deep well, drilled May 12, 1995.  Kala has undertaken previous yield testing of 
the community wells to aid in wellhead protection studies.  The studies involved well capture 
zone analysis and inventories of potential sources of pollution that might affect water quality.  
Well capture zone areas are shown in Figure 3 demonstrating the zones influenced when the 
wells have been pumping for extended periods of time.8  Well information is summarized in 
Table 1.  

The site is located within the drier portion of the sub-boreal spruce biogeoclimatic zone of the 
Cariboo Plateau, and features moderate slopes that are blanketed with undeveloped old growth 
Douglas-fir dispersed among forests of pine and spruce trees.  Climate summaries for 100 Mile 
House between 1971 and 2000 from Environment Canada indicate that the average daily 
temperature is 4.2°C, and an average precipitation rate of 453.3 mm per year.9  The average 
evaporation rate on 108 Mile Lake is 732 mm/yr based on a net evaporation of 279 mm/yr.  The 
108 Mile Lake is surrounded by a riparian buffer strip that is approximately 30 m wide.  By 
maintaining this buffer strip, the community of 108 Mile Ranch is working to protect the quality of 
water and wildlife habitat associated with it.1 

3.0 WATER BALANCE ANALYSIS 

The water budget at the 108 Mile Lake/Sepa Lake for the period of pre-groundwater 
development (prior to 1993) may be represented mathematically as follows: 

ΔSS = Sin – S out + P – E + R + Gin - Gout - ΔSG      ---------------------------------------------- (1) 

where: 

 Sin  = Surface water inflow prior to groundwater development 
 S out   = Surface water outflow prior to groundwater development 
 P  = Precipitation prior to groundwater development 
 E  = Evaporation prior to groundwater development 

R  = Runoff flow into the 108 Mile Lake and Sepa Lake prior to groundwater 
               development 

 Gin  = Ground water inflow prior to groundwater development 
 Gout  = Ground water outflow prior to groundwater development 

ΔSG  = Change in groundwater storage prior to groundwater development 
ΔSS  = Change in lake storage prior to groundwater development 
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The surface water outflow of the lakes prior to the groundwater development is zero, which is 
evident by (a) the surrounding ground elevation is higher than the lakes elevation of 883 m ASL 
and (b) the local residents are not sure where the water went,10 suggesting that they did not 
witness an outflow from the lakes.  The long-term lake storage change ΔSS and long term 
groundwater storage change ΔSG in the study area prior to groundwater development are zero.  
Therefore, equation (1) becomes: 

0 = Sin + P – E + R + Gin - Gout      --------------------------------------------------------------------- (2) 

The water budget at the 108 Mile Lake/Sepa Lake for the period of post-groundwater 
development (after 1995) can be represented as follows: 
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S SDGGREPSSS Δ−−−++−+−=Δ  ----------------------------------- (3) 

Where: 

 p
inS   = Surface water inflow post groundwater development 

 p
outS    = Surface water outflow post groundwater development 

 pP   = Precipitation post groundwater development 
 pE   = Evaporation post groundwater development 

pR   = Runoff flow into the 108 Mile Lake and Sepa Lake post groundwater 
               Development 

 p
inG   = Ground water inflow post groundwater development 

 p
outG   = Ground water outflow post groundwater development 

 D = Groundwater withdrawal 
p

GSΔ   = Change in groundwater storage post groundwater development 
p

SSΔ   = Change in lake storage post groundwater development 

Again, there is no surface water outflow and the long term groundwater storage change is 
marginal, therefore, equation (3) may reduce to: 
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Equation (2) minus equation (4) gives: 
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Surface water inflow, precipitation and runoff will not be changed at the site by community wells, 
leading to Sin = p

inS , P = pP , and R = pR .  Using these conditions, equation (5) becomes: 
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If we further assume that groundwater inflow and outflow will not be changed by the community 
well operation or withdrawal, then equation (6) becomes: 

DEES pp
S ++−=Δ−  ------------------------------------------------------------------------------ (7) 

Since p
SSΔ  = 2

)( pAAH +
×Δ , E = e × A, pp AeE ×= , and D = 409,300 m3/yr (average of June 

2006 to May 2009, Appendix A),  

Where: 

HΔ   = Lake level change 
A = Lake surface area during pre-groundwater development period (131.77 
ha for  
               108 Mile Lake and Sepa Lake) 

pA    = Lake surface area during post-groundwater development period 
e = Annual lake evaporation rate (732 mm/yr3) 

Equation (7) may re-arrange as: 

DAAeAAH p
p

+−×−=
+

×Δ− )(
2

------------------------------------------------------------ (8) 

Equation (8) has two unknown variables – HΔ  and pA , where 
pA  is depending on HΔ  and has 

the following relationship according to lake bathymetric maps2:  

The area of 108 Mile Lake will reduce by 2.51 ha if the water level drops by 0.61 m (2 ft); 
The area of 108 Mile Lake will reduce by 1.41 ha if the water level drops by 0.30 m (1 ft), 
and; 
The area of 108 Mile Lake will reduce by 0.58 ha if the water level drops by 0.076 m (3 
in). 

Consequently, equation (8) cannot be solved directly.  Using the iterative technique, equation (8) 
may be solved as following 

iteration #1: assume HΔ  = – 0.30 m, then the difference between the left side of 
equation (8) and the right side of equation (8) is 393,195 - 398,979 = -5,784 m3/yr, which 
accounts for -1.4% of the annual groundwater withdrawal of 409,300 m3/yr.  Therefore, 
we do not need to try a different HΔ . 

The above analyses suggests that the lake level may decrease by up to 0.30 m annually due to 
groundwater pumpage.  Production wells WIN15892 and WIN15895 were completed in 1993 
and 1995 respectively.  The lake level is approximately 0.61 m lower now than it was in the late 
1960s.11  Kala opines that groundwater inflow and groundwater outflow are being altered by 
groundwater withdrawal. 
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Pumpage at current discharge rates from the aquifer at the community wells may lower ambient 
groundwater levels, leading to an increase in groundwater inflow (increase in groundwater 
infiltration caused by a steeper groundwater hydraulic gradient towards the wells from the 
upgradient direction, and an increase in catchment area), and a groundwater outflow decrease 
(resulting from the decrease of the groundwater hydraulic gradient down-gradient).  When the 
sum of the groundwater inflow increase and the groundwater outflow decrease equals 
groundwater pumpage, a new equilibrium is reached.   

A fundamental analytical law within the study of hydrogeology to gauge groundwater inflow and 
outflow is Darcy’s Law which states that the rate at which a fluid flows through a permeable 
substance per unit area is equal to the permeability, which is a property only of the substance 
through which the fluid is flowing, times the pressure drop per unit length of flow, divided by the 
viscosity of the fluid.  For 108 Mile Lake/Sepa Lake, there is currently insufficient detailed 
subsurface information to accurately depict subsurface conditions at the inflow and outflow 
channels and insufficient data to quantify aquifer coefficients such as transmissivity along the 
inflow and outflow channels.  Therefore, the groundwater inflow and outflow proximate to the 
lakes cannot be estimated using a conventional Darcy analytical approach.  However, we may 
estimate groundwater recharge and discharge from water balance analysis and conduct a new 
equilibrium potential analysis to see if the 108 Mile Lake watershed is able to sustain a pumping 
rate of 409,300 m3/yr at a desktop assessment level.  

4.0 GROUNDWATER RECHARGE/DISCHARGE AND EQUILIBRIUM POTENTIAL 

4.1 Groundwater Recharge and Discharge 

The watershed has a catchment of 33.23 km2.  The total groundwater recharge would be 33.23 
km2 × 1,000,000 m2/km2 × 453 mm/yr × (1 m/1,000 mm) × 0.15 = 2,257,979 m3/yr where 453 
mm/yr is the precipitation and 0.15 is the precipitation infiltration ratio.12  This recharge would 
report to the 108 Mile Lake/Sepa Lake if we assume that the up-gradient Sucker Lake and 
Tubbs Lake are sustained by surface runoff.  The annual net evaporation at 108 Mile Lake and 
Sepa Lake is (119.39 ha + 12.38 ha) × 10,000 m2/ha × 279 mm/yr × (1 m/1,000 mm) = 367,638 
m3/yr.  Therefore, the groundwater discharge is groundwater recharge – lake evaporation = 
2,257,979 – 367,638 = 1,890,341 m3/yr.  
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4.2 New Equilibrium Potential Analysis 

In regards to whether the 108 Mile Lake water shed can sustain the current pumping rate of 
409,300 m3/yr, it can be expressed as:  

Is the sum of the groundwater recharge increasing, and the groundwater discharge 
decreasing, greater than or equal to the current 108 Mile Community pumping rate of 
409,300 m3/yr?   

The community wells cannot impact that area up-gradient of the 108 Mile Lake watershed to the 
east due to (a) water body of the 108 Mile Lake and (b) the large distance of at least 1,500 m 
from the community wells to the east up-gradient of the Lake.  The community wells could 
expand the watershed boundary further south.  The potential maximal expansion resulting from 
community well pumping is 226.8 ha (Figure 413).  Thus, the increased recharge would be in the 
order of 226.8 ha × 10,000 m2/ha × 453 mm/yr × (1 m/1,000 mm) × 0.15 = 154,111 m3/yr. 

The groundwater outflow decrease may include two components, one is the lake evaporation 
reduction and the other is groundwater lateral outflow decrease.  Based on the historic lake 
level,11 the lake level in the spring of 2004 was approximately 0.61 m (2 ft) lower than it was in 
the late 1960s, which means that the lake surface area has reduced by approximately 2.51 ha.  
Thus, the maximal lake evaporation reduction potential is 2.51 ha × 10,000 m2/ha × 732 mm/yr × 
(1 m/1,000 mm) = 18,373 m3/yr.  Any decrease larger than 0.61 m is not considered as 
acceptable in this study and thus will not be analyzed. 

The groundwater lateral outflow decrease from the community well pumping cannot be 
quantified from Darcy’s Law as the hydraulic conductivity of the underground formation and the 
cross sectional area proximate to the outflow channel is highly variable and unknown.   

The American Society of Civil Engineers (ASCE) Task Committee for Sustainability Criteria 
(1998) proposed an inclusive definition of sustainability as ‘sustainable water resource systems 
are those designed and managed to fully contribute to the objectives of society, now and in the 
future, while maintaining their ecological, environmental, and hydrological integrity’.14  We simply 
assume that 12% of outflow reduction may not change the ecosystem of the lake for analysis 
purposes.  Therefore, the groundwater water outflow reduction could be groundwater discharge 
× 0.12 = 1,890,341 m3/yr × 0.12 = 226,841 m3/yr. 

The sum of the potential groundwater recharge increase, the lake evaporation reduction and the 
groundwater outflow decrease, or term it as the safe yield of the aquifer underlying the lakes, is 
154,111 + 18,373 + 226,841 = 399,325 m3/yr, which is marginally less than the current 
groundwater withdrawal of 409,300 m3/yr.  The deficit of 409,300 – 399,325 = 9,975 m3/yr will 
lead to a lake level drop by 9,975 m3/yr / ((119.39 ha + 12.38 ha) × 10,000 m2/ha) = 0.01 m/yr or 
1 cm/yr.  This is a minor decrease but demonstrates that there is likely some connection 
between 108 Mile community well groundwater pumpage and lake levels.  
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4.3 Surficial Aquifer Mapping 

Groundwater lateral outflow could flow through the northern boundary of 108 Mile Lake to 111 
Mile Creek Valley and through the west boundary of 108 Mile Lake to Watson Creek at Walker 
Valley.  The water levels in test well TH2-92 and TH6-92 (OBS 374) were approximately 877.04 
m and 860.06 m, respectively, on September 7, 1993 and approximately 8.19 m and 25.17 m 
lower than the lake level of 885.23 m (TH1-93) on the same date.15, 16  The hydraulic gradients 
between the lake and TH6-92 and TH2-92 are approximately 0.105 and 0.046 m/m, respectively, 
which are unusually large and indicators that there are two aquifers there.  Kala interprets that 
the subsurface formation along the boundary of 108 Mile Lake has an extremely low permeability 
and acts like an underground ‘dyke’, with the exception of a small “V” shaped section along the 
northern boundary where the strata has a relatively large permeability and allows for the inflow 
of water.  This contrast in permeability has led to a large hydraulic head difference between the 
lake and the host aquifer at TH6-92 and TH2-92, and has caused water to be stored at the 
current location of the lakes.  This interpretation is based on the historic drilling lithology at TH5-
91, 10-91, 12-91, 1-92, 2-92, 3-92, 4-92, 5-92, 6-92 and water levels compiled in Table 1. 

The surficial aquifers pertinent to the 108 Mile area were not mapped in the BC MoE Water 
Resources Atlas.13  Preliminary aquifer mapping is provided in Figure 5.  The surficial aquifer 
pertinent to the 108 Mile area can be divided into two aquifers.  One is the 108 Mile Lake Aquifer 
and the other is the 108 Mile Lake North Shore Aquifer.  Limited data suggests the 108 Mile 
Lake Aquifer underlying 108 Mile Lake and Sepa Lake is in the shape of a deep trough that 
extends from the north boundary of 108 Mile Lake to approximately 150 m south of Sepa Lake, 
where TH6-93 is located.  The trough was not encountered at TH5-93, where bedrock elevation 
is similar to the 108 Mile Lake bottom elevation.  The 108 Mile Lake Aquifer is leaky confined 
and recharge likely occurs partially from the downwards leakance.  Therefore, the recharge area 
of the 108 Mile Lake Aquifer is the area occupied by the Lakes.  On the other hand, the North 
Shore Aquifer is primarily fed/recharged by the 108 Mile Lake Aquifer from the “V” shaped 
permeable sediments.  Precipitation infiltration is negligible because there is 19.8 m of thick 
clay/silt below the surface at TH6-92.  The lateral flow from the Walker Valley to the North Shore 
Aquifer is minor owing to much less permeable sediments between them.  Therefore, the 
recharge area of the North Shore Aquifer is a “V” shaped area in the close vicinity of TH2-92 
with an axle length of approximately 100 m (represented by the north segment which separates 
the 108 Mile Lake Aquifer from the North Shore Aquifer in Figure 5). 

The “V” shaped flow area between the two aquifers acts as a “V” shaped flow meter.  
Groundwater can only flow from the 108 Mile Lake Aquifer to the North Shore Aquifer and an 
inverse flow will not occur under any circumstance including pumping.  Pumping at the 108 Mile 
North Shore Aquifer will not induce any flow from the 108 Mile Lake Aquifer owing to the large 
hydraulic head difference (approximately 25 m between TH6-92 and the Lakes).  Therefore, 
pumping in the North Shore Aquifer will not affect the Lakes. 
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4.4 Discussion 

Due to limited available data, uncertainties may exist in this desktop assessment, especially in 
the precipitation infiltration factor and groundwater outflow decrease.  It is also possible that a 
groundwater outflow reduction of greater than 12% will not change the lake ecosystem and thus 
the calculated small water deficit of 9,975 m3/yr may not be detrimental, which implies that the 
108 Mile Lake could sustain the current pumpage of 409,300 m3/yr.  The current analyses 
indicate that the current pumping rate of 409,300 m3/yr may reach the maximum sustainable 
yield of the 108 Mile Lake aquifer and the lakes should be monitored closely.  If a continued 
surface water and or ambient groundwater levels drop, water well pumping rates may have to be 
decreased.   

It is unclear whether climate change has played any role in decreasing surface water levels.  In 
reviewing total precipitation data as a simple example, trending has been towards increasing 
annual precipitation rates between 1970 to 2005 (Environment Canada, QA/QC approved data).  
While total precipitation is merely one marker and cannot be fully assessed in isolation of other 
climatic factors the trend over the monitoring period of 35 years is upwards.  The current low 
lake surface water level may have partially resulted from climate change, which is evident by the 
low water level at Sucker Lake (Figure 6). 

 A plot of annual precipitation rates versus year is shown in Figure 7.   

There are two existing monitoring wells in the vicinity of 108 Mile Lake/Sepa Lake.  One of which 
is BC MoE provincial monitoring well TH6-92, established on July 25, 2007, which is located at 
the north shore of the 108 Mile Lake within an aquifer separate and poorly connected with the 
host aquifer underlying the lakes and the lakes themselves.  This is evidenced by:  

a) There is a large hydraulic head difference of approximately 25.17 m between the lake 
and the groundwater level at the observation well, and; 

b) There are differing water level trends between the two sites as shown in Figure 7.   

The other is CRD monitoring well TH6-93, established November 27, 2008.15  Since there is only 
one year of data, it is difficult to determine if the pumping of the community well affects the lakes’ 
level.  Continued lake level and groundwater level monitoring is required.   

We recommend that the CRD current monitoring program be more robust and include the lake 
level and groundwater levels at TH6-93,15 so longer term trends of the lake level and 
groundwater levels can be established.   

In addition, there are other water wells, former monitoring wells and test wells previously drilled.  
Those wells should be identified, verified for completion standards and included within a broader 
and longer term groundwater/surface water monitoring program.   
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5.0 CONCLUSIONS 

Based on the desktop assessment program undertaken by Kala, the following conclusions are 
provided for client and owner consideration: 

a) The groundwater recharge and discharge of the 108 Mile Lake/Sepa Lake aquifer are 
estimated at 2,257,979 and 1,890,341 m3/yr, respectively.  The differential of recharge 
and discharge of 367,638 m3/yr represents the lake net evaporation; 

b) Pumping at WIN15892 and WIN15895 may alter the hydrogeologic conditions of the 
aquifer underlying the lakes, resulting in groundwater recharge increase and discharge 
decrease; 

c) The estimated maximum safe pumping yield of the aquifer underlying the lakes (based 
on limited assessment), i.e. the safe yield of the community wells, is estimated at 
399,325 m3/yr which according to pumping records supplied to Kala is marginally less 
than the current groundwater withdrawal of 409,300 m3/yr; 

d) The lake level may drop by 1 cm/yr based on limited data.  Additional monitoring data is 
required to confirm report findings.  This is minor but serves to illustrate that there is a 
connection between groundwater pumpage and lake levels; 

e) Kala suggests the current groundwater withdrawal rate from the community wells is close 
to the maximal safe yield of the aquifer underlying the 108 Mile Lake; and 

f) There are two surficial aquifers pertinent to the 108 Mile area.  One is the 108 Mile Lake 
Aquifer and the other is 108 Mile Lake North Shore Aquifer.  Groundwater can only flow 
from the 108 Mile Lake Aquifer to the North Shore Aquifer and an inverse flow will not 
occur under any circumstance. 
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6.0 RECOMMENDATIONS 

Based on this study, we provide the following recommendations for client and owner 
consideration:  

a) Continue the current CRD lake level and groundwater level monitoring program to further 
quantify the impacts of the community well pumping on the lakes, and add to it; 

b) Undertake an additional water balance investigation to more accurately quantify the 
impacts of the 108 Mile community wells on the lakes.  The additional study should 
include: 

i. Existing well survey and ground surface elevation survey.  The purposes of this 
survey are (a) determine any additional testwells, monitoring wells or abandoned 
wells that can be used as dedicated monitoring wells and (b) determine the 
groundwater elevations so that hydraulic gradients can be established.  The 
existing well survey will focus on those wells located within the 108 Mile Lake 
Watershed.  That is, only TH7-91, TH10-91 through TH13-91, TH1-92, TH2-92, 
TH4-92 through TH6-92, TH1-93, TH2-93, and TH4-93 through TH6-9311 will be 
surveyed (if not already done); 

ii. Monitor two additional wells (TH2-92 and TH1-92 preferred) at the north shore of 
the 108 Mile Lake for a period of two years to get more information for analysis of 
the 108 Mile Lake aquifer discharge; 

iii. Monitoring well pumpage at WIN15892 and WIN15895 on a daily basis for a 
period of two years.  This task can be completed by CRD staff.  The application of 
installed data loggers should be considered; 

iv. Analysis of the data to quantify the 108 Mile Aquifer discharge; and  

c) If additional water wells are required in the future emphasis should be placed upon siting 
wells closer to the TH6-92 location to reduce any potentially detrimental groundwater-
surface water interactions.  That well, if and when required, should be deemed a duty 
cycle one well.  

7.0 CLOSURE 

Please find attached a detailed description of the terms, limitations and constraints applicable to 
Kala involvement within this project and the uses of this report. 
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Table 1 – Summary of Water Wells and Groundwater Elevation 

Static water level (mbtoc) Water elevation 
(m) Well ID Depth 

(m) 

Stick 
up 
(m) 

Top of 
Screen 

(m) 

Screen 
Size 

G. El 
(m) Various 

time 
Aug 30, 

1993 
Sep 7, 
1993 

Aug 30, 
1993 

Sep 7, 
1993 

TH10-91 17.7 0.67* 14.9 0.100” & 
0.120” 886.80 

4.43 
(Nov 14, 

1991) 
4.23 4.25 883.24 883.22 

TH12-91 17.7 0.55 14.6 0.120” 885.27 
3.86 

(Nov 14, 
1991) 

    

TH1-92 20.1 0.65* 18.9 0.080” 895.27 
9.14 

(March 4, 
1992) 

8.38 8.47 887.54 887.45 

TH2-92 30.5 1.51* 13.72 
Perforated 

(13.7 
~14.9 m) 

891.89 
14.4 

(March 
1992) 

16.03 16.36 877.37 877.04 

TH6-92 75.6 0.80* 71.6 0.080” & 
0.100” 897.58 

36.58 
(May 25, 

1992) 
38.32 38.32 860.06 860.06 

TH1-93 91.4 0.63* 89.0 0.120” 886.87 
1.83 

(Aug 6, 
1993) 

2.26 2.27 885.24 885.23 

TH5-91 28.38 0.77* 25.6 0.120” 866.49   2.70  864.56 

WIN15892 77.4 0.70 70.1 0.120” & 
0.150” 892.3* 

2.18 
(Sept 8, 
1993) 

 7.77  885.23 

WIN15895 80.8 0.4 73.0 0.150” & 
0.200” 886.4 

1.63 
(May 12, 

1995) 
    

* Interpreted from Kala 1993 report 
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