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PRELIMINARY REPORT ON
STATISTICAL QUALITY CONTROL FOR

YEAR 2oo3 WATER WrELL MEASUREMENTS

John C. Davis
Mathematical Geology Section

January 30, 2003

Introduction
The year 2003 Quality Control and Assurance Program for observation well water-level
measurements  in western  Kansas is patterned  after  the  quality assurance  techniques
developed during annual field work  and statistical analyses conducted since  1997.  This
discussion of procedures is adapted from Miller, Davis, and Olea  (1997),  incorporating
adjustments in the program that were noted in Davis (2001).

The primary variable measured in the  water  well  observation  program  is  depth  to
water in an observation well. This primary variable is associated with three secondary
variables;  the  ground  elevation,  east-west  coordinate,  and north-south  coordinate  of
the well.  The secondary variables  serve  to  locate  the  primary variable in  space,  and
make it possible to determine spatial relationships between observation wells, including
mapping the  water  table and  calculating changes  in aquifer volume.  Historically,  the
three location variables were determined initially by the U.S. Geological Survey for each
well  and  not  re-determined  unless  a  serious  error  in  the  original  coordinates  was
suspected. In the 1997 ground water observation measurement program conducted by
the Kansas Geological Survey, the geographic (latitude and longitude) coordinates of all
wells  were  re-determined  by  GPS  techniques.  In  subsequent  year's   measurement
programs,   all   observation   wells   were    again   re-determined   by   GPS.   "Selective
Availability," which limited the resolution of GPS measurements, was turned off by the
Federal  government  in 2001,  so  locations  determined  that year  were  substituted  for
previous determinations. For a few locations where year 2001 GPS measurements were
not taken, measurements made in 2002 are used.

In  addition,  several  secondary  characteristics  of  the  observation  wells  and  of  the
measurement procedure were noted in order to determine if these influence the quality
of  the  measurements  being  made  (these  measurements  are  referred  to  as  cxogc7iows
I;#riez7Jcs).  As  part  of  the  quality  control  program,  water  level  measurements   were
repeated two or more  times  on  175  wells,  yielding  a  collection of  203  quality control
observations. Because these data include replicates, they provide an additional check on
estimates of the influence of well conditions or measuring techniques on water levels. A
subsequent round of measurements resampled  50 wells selected at random  from  the
original set for quality assurance purposes.  These wells were  measured  two  or  more
times for a set of 58 quality assurance values.

The primary variable, depth to water, changes with geographic location and differences
in topography so much that these factors will overwhelm all other sources of variation.
Because of this, any errors in location may have a profound  effect on  the water  table
elevation. To avoid the complications of simultaneously considering uncertainties in the
secondary variables,  this statistical quality control  study is  based  on  first  differences
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(specifically, the difference between 2003 and 2002 depth-to-water measurements).  The
secondary  variables   cancel   out,   leaving   only   the   difference   in   depth,   which   is
numerically identical to the year's change in water level. In this statistical quality control
study,   the   difference  between   2003   and   2002   corrected   depth   measurements   is
abbreviated  "03-'02." If the water table is lower this year,  the variable '03-'02 will be  a
positive number. There were 492 wells measured in the current program, but three of
these were not measured in 2002, so there are a total of 489 wells having  the  variable
'03-'02. This is six fewer than the number of measurements available last year.

The objective in our quality control study is to identify and assess possible sources  of
unwanted variation in water level measurements made by the KGS. The purpose of the
analysis is to  provide  guidance  to  the  KGS  field  measurement  program,  to  suggest
ways  in which field measurements  might be  improved,  and  to  provide  information

::::]5tsyarcyo::o£]deannti;fyfig]astm°erascuurrerinetntm;::u;:::nisavt:abe:rne]Snut:ieactt;I;hit:tra*S£Ecead]
from   the   outset   when   the   KGS   assumed   responsibility   in   1997   for   measuring
observation wells formerly measured by the USGS. A comparison of results from 2003
with  those   from   previous   years   shows   that   the   desired   improvements   in   the
measurement program continue to be achieved through quality control.

Statistical Procedures

Preliminary   examination   detected   three    wells    that    deviated    from    last   year's
measurement   by   significant   amounts;   reexamination   disclosed   that   their   values
contained typographical errors which were corrected. Three wells that were measured
in this  year's  program  were  not  measured  in 2002, so  for  them  the  variable  `03-'02
cannot be  calculated. All repeated  measurements  are  excluded  from  this  analysis  to
avoid inflating the total variance. 489 observations are  included in the  initial statistical
analysis, which is an unbalanced analysis of variance (ANOVA) procedure designed to
estimate  the  influence of different  well  characteristics  and  procedural  differences  on
variable '03-'02. The following variables have been recorded for each well.

1.   Depth to water

2.   GPs longitude

3.   GPs latitude

4.   Date

5.   Measurer's initials

6.   Well Access
1 = good
0 = poor

7.   Weighted Tape
1 = yes
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0=no

8.   Oil onwater
1 = yes
0=no

9.   Chalk cut Quality
2 = excellent
1 = good
0 = poor

In addition, the data file contains several variables that do not enter into  the  analyses.
These include a unique USGS ID number and KGS ID designation, a surface elevation, a
legal description of the well location, and a decimal latitude and longitude (obtained by
LEO conversion  of  the  legal  description).  There  are  other  variables  that are  used for
statistical analyses, taken from the historical records. These are Well  Use, the purpose
for which water from the well is used, and Aquifer Code, which describes the primary
source of water in the well. The manner in which aquifer code values were assigned is
summarized in Miller, Davis, and Olea (1997).

10. Well Use
H = household water supply
S = stock water supply
I  = irrigation
U = unused observation
Z = animal disposal

11. Aquifer Code
KD = Cretaceous Dakota aquifer
KJ = undifferentiated Cretaceous/Jurassic aquifer
KN = Cretaceous Niobrara aquifer
QA = Quaternary alluvium aquifer
QAQU = Quaternary alluvium and undifferentiated aquifers
QAQUTO = Quaternary alluvium and undifferentiated aquifers and Tertiary

Ogallala aquifer
QATO = Quaternary alluvium and Tertiary Ogallala aquifers
QU = Quaternary undifferentiated aquifer
QUTO = Quaternary undifferentiated and Tertiary Ogallala aquifers
QUTOKJ = Quaternary undifferentiated, Tertiary Ogallala, and

Cretaceous /Jurassic aquifers
QUTOKD = Quaternary undifferentiated, Tertiary Ogallala, and

Cretaceous Dakota aquifers
TO = Tertiary Ogallala aquifer
TOKD = Tertiary Ogallala and Cretaceous Dakota aquifers
TOKJ = Tertiary Ogallala and undifferentiated Cretaceous/Jurassic aquifers

Note that, as in 2002, the set of aquifer codes used in 2003 differs slightly from that used
prior  to  2002  because  of  changes  in  the  areas  where  the  KGS  measures  wells.  h
addition, the aquifer code QUKD is not used because the single well assigned this code
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was not measured in 2003. The initial statistical model includes all exogenous variables
recorded during the quality control study that may contribute to the variability in the
response, '03-'02, plus the variables Well Use and Aquifer Code. In contrast to the 2002
measurement program,  the only exogenous variable to  contribute  significantly to  the
total variance is an operator effect measured by the  variable  Measurer.   As expected,
there are significant contributions to total variance from Well Use and Aquifer Code.

Analysis of Variance table for initial model
Source                             DF              Sum of squares   Mean square     F Ratio        Prob>F
Model                                 29                           604.4319                20. 8425               2.4089       <0.0001

Measurer
Well Access
Weighted Tape
Well Use
Oil on Water
Chalk Cut Quality
Aquifer Code

Error

111.3776
19.7194
18.9069
37.4985

2.7463
136.1233
260.6781

3928.1827

18.5629
19.7194
18.9069
9.3746
2.7463

68.0617
20.0522

8.6524

2.1454           0.0472*
2.2791           0.13|8ns
2.1852          0.|40ons
1.0835           0.364|ns
0.3174           0.5735ns
7.8662          0.0004"
2.1520          0.0088"

Total

Rsquare          0.13

4532.6147

A revised model was run that combined aquifers  into  classes similar to  those  used in
1997 through  2002.  This 5-part  classification distinguishes  between  (1)  wells  that  tap
alluvial  aquifers,  (2)  wells  that  tap  both  alluvial  aquifers  and  other  unconsolidated
aquifers, (3) wells drawing from the High Plains aquifer, (4) wells into bedrock aquifers,
and (5) wells that draw from both  bedrock  and  unconsolidated  aquifers.  This has  the
effect of reducing the degrees of freedom required for the  model  and  thus increasing
the sensitivity of the analysis for detecting other influences.

Analysis of Variance table for grouped aquifers
Source                             DF              Sumofsquares    Meansquare     FRatio        Prob>F
Model                                  19                           419.2629                 22.0665               2.4892           0.0005C

Measurer
Well Access
Weighted Tape
Well Use
Oil on Water
Chalk Cut Quality

uifer Grou

106.5518
21.4159
27.1791
62.6359
4.3418

140.5487
75.5091

17.7586
21.4159
27.1791
15.6590
4.3418

70.2744
18.8773

2.0032          0.0638ns
2.4158           0.|208ns
3.0659           o.o8o6us
1.7664           0.1344ns
0.4898           0.4844ns
7.9279          0.0004"
2.1294           0.0762ns

Error
Total

Rsquare 0.09

4113.3518                    8.8650
4532.6147
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The surprising result is that none of the exogenous variables except Chalk Cut Quality
are significant when aquifers are grouped. Most unexpected of all is that Aquifer Group
itself is not  a  significant  source  of  variation  although  Aquifer  Code  is  a  significant
source of variation, indicating that  there  are  significant differences  in '03-'02 between
individual aquifers that are obscured when the aquifers are combined into groups.

Unfortunately,  past models  are  not  directly  comparable  because  there  are  different
numbers of degrees of freedom assigned to some variables, and the response  (annual
change  in  water  level)  has  significantly  different  variances  from  year  to  year.  The
pattern  of  altemating magnitude  of variance in the  response  variable  continues  this
year,  which  has  a  significantly  higher  variance  than  measurements  made  in  2002.
Although the  year-to-year  changes  in total  variance  are  highly  significant,  the  cause
remains speculative (Davis, 2001) but may be due in part to the fact that the  response
variable is a first-order difference.

One way to improve the statistical results  of  the  measurement  program  is to  discard
wells in  which  exogenous  variables  make  unusually  high  contributions  to  the  total
variance, arguing that the readings from such wells are  atypical  and likely erroneous.
Of four  wells  exhibiting extreme  changes  in water  level  in 2003,  only  one  (25S  25W
32CDD 01) exhibits the alternating annual rise and fall that suggests  poorly  controlled
measurements. The other wells exhibit a pattern of a continuing and even accelerating
decline in water level (34S 35W 26ACC 01 and 30S 32W 22888 01),  or  a  steady  rise in
water level (33S 37W 35ACD 01).

Importance of contributing variables
We  can  determine  the  relative  contributions  of  each  category  of  the  contributing
variables  by  examining  the  least-squares  means  (averages)  of  '03-'02  for  a  spedfied
state of a variable, while holding all other variables at their average value. (In statistical
terms, these averages are referred to as the cxpccfcd uflJwcs of the variables.) A positive
value indicates the average depth to water in a well is greater in 2003 than in 2002 (the
water level  has  declined from  last year's  measurement).  That is,  the  elevation of  the
water level in the well is lower than it was previously. The following list gives the least-
squares means for the complete data set.

Operator

Level
BBW
DRL
JMA
JMH
NC
NP*
RDM

Original
Least Sq Mean

3.7414
3.9141
3.1801
3.7991
4.1541
4.8270
4.0622

*indicates new operator in 2003
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Well Access
Original

Level            Least sq Mean
0                                 3.5657
1                                  4.3423

Weighted Tape
Original

Least Sq Mean
4.4525
3.4555

Well Use

Level
H
I
S
U
Z

Original
Least Sq Mean

2.6239
3.5699
22Jff2:I
3.6929
7.6405

Oil on Water
Original

Least Sq Mean
4.0866
3.8214

Chalk Cut

Level
0
1
2

Original
Least Sq Mean

6ffflcyp)
23;fffrr/
2.8224

Geologic Group
Original

Level             Least sq Mean
1  (Cretaceous)     4.1139
2(AIluvium)        2.9334
3(Al.+Tert.)        4.3011
4 (Tertiary)           4.5027
5 (Tert. + K)          3.9189
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Summary of the Analyses of Variance
Year 2003 measurements show significant or highly significant variations attributable to
Measurer and Chalk Cut in addition to differences between  the  aquifer being  tapped
by the well. The standard deviation of variable `03-'02 is 3.86 ft., which is more  than the
standard deviation of variable '02-'01 (2.56 ft.), the standard deviation of variable '01-'00
(3.07 ft), or the standard deviation of variable '00-'99 (2.69 ft.), but less than the standard
deviation of variable '99-'98 (4.21 ft.). The median  decline in water  level  from  2002  to
2003 is 2.50 ft., more  than double the  decline from  2001  to  2002  (1.09  ft.)  and  greater

:i::tehaer|Te:di::|ieecsliiedEodEg2o,%:t:9?9o:o(12?:oft.i.ecEseyoe,arc:3fe,i.T:hi:TgugSt:re|agt;;
decline (0.72 ft.) and the decline between 1997 to 1998 (0.41 ft.).

The  significant  differences  between  measurers  are  mostly  attributable  to  NP  (who
tended to produce deeper than expected measurements). However, when aquifers are
grouped into classes, the increase in degrees  of freedom  available for  error  results in
the measurements made by ]MA (whose measurements tended to be  shallower than
expected) also becoming significantly different. The same change in degrees of freedom
results in Well  Use  becoming  a  significant  source  in  variance,  attributable  to  stock
water wells (S) being shallower than expected.

An unexpected  consequence  of  combing  individual  aquifers  into  groups  is  that  the
differences  between  Aquifer  Groups  for  `03-'02  are   not   significant,  although   the
individual  Geologic  Units  themselves  are  a  significant contributor  to  the  variance in
`03-'02.  Water  levels measured  in  2002  in  exclusively  Cretaceous  aquifers  (Group  1)
show mean declines of over 4.1 ft. from 2002, which is less than the mean dedine of 5.3
ft. between 2001 and 2002. The water level in  the  Ogalalla  aquifer  (Group  4)  shows  a
greater  mean  decline  (4.5  ft.)  than  in  the  previous  year  (over  3.5  ft.).  Measurements
made in wells tapping alluvial aquifers (Group 2) show the smallest decline of 2.9 ft., but
this was greater than last year's decline of 2.2 ft. or the previous year's  slight increase in
average water level.  Wells in alluvial plus other  sources  (Group  3)  show  a  decline in
mean  water  level  of  4.3  ft.  Water  levels  in  wells  tapping  Cretaceous  aquifers  plus

3eua::eTr#:royhia;g£,#cearntita:yffae::Lfceer:£fE::pm5L:::fat:gte]£.9wfat{e€e]:£:;::oa::rAgqeu]F::
Groups is due to the difference between Group 2 and Group 4. A comparison with last
years measurements shows that the dedine is water level is significantly greater in `03-'02  than  in  '02-'01  for  all  groups  except  for  Group  1.  (Statistics  for  2003  can  only  be
compared   in  detail  with   those   from   2002  and   2001   because   of   the   change   in
responsibility for wells in two counties that occurred after year 2000.)

The ANOVA equation can be used to create an expected value and residual (difference
between  observed  and  expected  value)  for  each  well.  The  distribution  of  residuals
should be approximately normal. Examination of  the  residual  outliers  will reveal  any
well  measurements  which  cannot  be   explained  by   extreme   combinations   of  the
different sources of variation. The residual plot, shown in Figure 1, is more peaked than
normal and skewed to negative values. Outliers, or extreme values, are measurements
which differ from their expected values by more  than  ±10  feet.  Five  wells have been

2do:#:tabr::T,ssipdreo;f:sfa:::s:x;ee::ses#esceh#i|esmTaswu:teeiel:yselmbae;wbeee:.2roeoc2,=g
reflect unusual changes in aquifer level; the wrong wells may  have been  measured  in
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one year or the other; or changes in well construction or other factors may have altered
the measurability of a well. The five wells, with their residuals, are:

Well  ID
25S 25W 32CDD 01
33S 37W 35ACD 01
23S 33W 28CDC 01
30S 32W 22888 01
34S 35W 26ACC 01

Residual, ft.
-11.96
-11.91

10.10
13.04
13.14

A positive residual indicates that the 2003 water level is lower than predicted in a well
with a declining water level, or is not as high as predicted in a well with an increasing
water level. A negative residual indicates that the 2003 water level has declined less than
predicted in a well with a declining water level, or has risen more than predicted in a
well with a rising water table. None of these wells have unusual characteristics that
make their current behavior suspect. Because only a few wells had questionable
measurements, the decision was again made not to have a post-season remeasurement
program in 2003.

Quality Assurance (remeasurement) Program
The year 2003 Quality Assurance program of random remeasurements resulted in QA
data  that  contained  no  statistically  significant  sources  of  variation.  Fifty  randomly
selected QA wells were remeasured by experienced personnel during the period when
the regular  field measurement  program  was underway.  These  were  combined  with
data from the regular measurement program,  to yield 125 measurements for statistical

a.u::1;gscoofnvtra::;I::fi:c:t,::,tat::n??.p,rhoeg;auTvedi;FsnqoutafieJe::i:3|s:#rfi;::niixigdei::,::

::fitnep=:x:o:;,x:aise||tr£?i¥re=enTena:,u#:Tk?nthateeTei#esLc:el:ssfu|t.hih:o:E:incg
among the QA replicates is essentially identical to the variance of the complete data set.
However,  the  most  extreme  value of  '03-'02  among  the  QA  wells  is  only  -10.8  ft.,
compared to an extreme of 16.4 ft. in the complete data set.

Conclusions
The purpose  of  the  Quality Control  and Assurance Program  is to  identify wells  and
procedural conditions  that may  contribute  significantly  to  the  variance  of  Depth  to
Water measured  in observation  wells, and which do not  reflect  true  changes  in  the
water table elevation. Gathering Quality Control  information  requires  little additional

%fr:tlr:tiee:syg::;eo]:fi€:a±c:e::¥b:]';£f¥e:Ch:af:[¥:;itosh::#:fc!:;:caozi5p3a°fapd:i:e:agri]:e:r]]i:ei:tsi:tai;:n¥s:d£:
results can be interpreted as demonstrating the value of training and the desirability of

S:;ecgsg£:unbo]:s±%Fnetiyye]a]:;r:pine:A:::LT;t::£ntrgo:i:egsroa:;,Aa]nthdo¥dhn%:sflyae;raLhyewQefi
locations which required  verification before  being permanently  incorporated into  the
WIZARD data base,  the  importance  of  the  Quality  Control  and  Assurance  Program
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remains  unchanged.  The continual improvement  of  data collected in the  Water  Well
Measurement Program indicates the value of the program.

The Quality Control program has achieved its objectives of identifying and quantifying
sources of unwanted variation in observation well data collection, and in flagging wells
whose   measurements   require   verification.   It   detected   only   five   suspect   values,
confirming the benefits of "cleaning" the data base in past years. As the Quality Control
process is routinely applied to KGS observation weu measurements in the  future,  and
particularly if it is applied to the entire Kansas observation well network, the quality of
the groundwater measurement data will continue to be  progressively improved with
time.

0
Pesidual, ft.

Figure  1.  Histogram  of  residuals  from  predicted  change  in  water  level  `03-'02,  as
estimated by regression model. Curve is fitted normal distribution with same -mean and
variance as residuals.  Wells whose  change  in water  level  deviates more  than  10  feet
from the predicted value are indicated.
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2003  appendix  A

Fbi -Re.inn.1  `     -.''`     -kdsi`b
Measurer A a C

'jlE
FI lGI

`03   Depth '02  Depth '03-'02

1 1 01S  38W  02CDC  01 F"!1 1 I 112 lQA 2 2:I .I 2 26-91 0.81

2 1 01S  38W  O8DCC  01 F" il 1 I 0 •2
QA 12

16.21 I                15.76 0.45

3 1 ( 01S  38W  30BDC  01 F" '1 1 I 0 i2 !QA !2 13.39 i               10.47 2.92

4 2  I  01S  38W  30BDC  01 F"
11

1 I 0 ;2 QA 2 13.5 I               ,0.47 3.031

5 1 01 S  39W  25CBC  01 F" 1 1 U 0 2 QA 2 10.4 I                  9.83 0.571

6 1   I  02S  37W  33DCC  01 F" 1 1 I 0 2 TO 4 I           2,6.44
I            215.97

0.471

7 1 02S  40W  28DBA  01 NC 1 1 I !0 2 lTO 4
i           110.28

I            ilo.18 0.i
8 1 02S  40W  32BCB  01 NC 0 1 I 0 2 TO 4 129.21 129.22 -0.01   i

9 1 02S  41W  27BBD  01 NC !1
1 I 0 2 lTO 4 200.24 ZOO.05 0.19

10 11 02S  41W  33DBC  01 NC !1 1 I 0 12 iTO               !4 i          237.93 236.93 1

11
11

03S  37W  19BBC  01 NP1, 1 I 0 2 iTO i4
i           231,05 227.83 3.22  ,

12 11 03S  37W  21 DDD  01 NP
'1

1 I 0 2 TO 14 i          223.66 222.25
I                 1.41

13 2  I 03S  37W  21DDD  01 NP 1 1 I 0 1 TO 14 i          223.69 I          222.25 I               1.44

14:1---....i...5I..-.1 03S  37W  36ADB  01 F"11 1 I
)1

1 TO 4 211.38 208.95 2.43

03S  38W 04BCC  01 NP
11

1 I 10 2 TO 4 I             218,13 216.94 1.19

16 2 03S 38W 04BCC  OT irp_    _ 1 1 I 0 1 TO !4 218.12 I            216.94 1.18

17 1 03S  38W  21 BCB  01 NP !0 1 U 10 1 TO 14 245.21 246.9 -1.69

8i,03S  38W 25888  01 NP
11

1 I 0 1 TO 4 229.89 229.26 0.63

19 1 03S  39W  04CCC 01 F" )1
1 I (o 2 TO 4 64.48 64.13 0.35

20 1 03S  39W  20DAC  01 F" 1 1 I 1 2 TO 14 1 41 . 38 140.72 0.66

21 1 03S  39W  24DDD  01 NP 1 1 I 0 11 iTO 4 226.54 225.85 0.69

22 2 03S  39W  24DDD  01 NP 1 1 I 0 2 TO 4 226.56 I          225.85 0.71

23 3 I 03S  39W  24DDD  01 NP
rl

1 I 0 1 TO !4 226.55 1           225.85 0.7

24 1 03S  39W  32BDB  01 F" 0 1 I 0 i2
'TO                 14

156.23 155.41 0.82
25 1 03S  40W 29ABC  02 F" 1 1 I 0 i2 QA                   I    2[                  11.16 11.05 0.11    `

26 1 03S  40W  35AAC  01 F" 1 1 I 0 !2 TO 4 99.66 98.84 0.82
27 1 03S  41W  33ABB  01 NC 0 1 I 0 2 TO 4 158. 92 158.49 0.43
28 2 03S  41W  33ABB  01 NC 10 1 I 0 12 TO 4 158. 93 i          ,58.49 0.44

29 1   i  04S  37W  17AAC  01 F" 1 1 I 0 !2 TO 4 202.64 I           200.16 2.48

30 1   i 04S  37W  25DCA  01 F" 1 1 I 10 2 TO 4 158.37 157.56 0.81

31 1
I  04S  38W  04BAC  01 in 10 1 I 0 !2

'TO
4 225.01 223.57 1.44

32 1 04S  38W  20CCC  01 Dfu- 11 1 U 0 2 TO 4i            161.55 160.7 0.85
33 2 04S  38W  20CCC  01 rm 1 1 U 0 1 TO 4!            161.55 160.7 0.85

34 1 04S  38W  21ADC  01 Dfu
!1

1 I 1 1 lTO i4 191.26 189.16
I                     2.1'

35 1 04S  39W  15CCA 01 JNI 11
1 I 0 2 TO 4 144.3 143.69 0.61   ,

36 1 04S  40W  22BCB  01 JMA [1
1 S 0 2 TO

'4 1             127.73
i            ,27.,7

i             o.56l

37 1 04S  41W  16DAA  01 JMA !1 1 I 0 2
'QA

2 117 16.79 0.21

38 1 04S  41W  23AAA  01 JMA 1 1 I 0 2 TO 14 1124 123.65 0.35  i

39 1 104S  41W  25BCB  02 JMA
11

1 S 0 2 TOi4 146.5 146,15 0.351

40 1   i  04S  42W  02BCC  01 NC10 1 I 10!2 TO 14 215.37 I             213.91 1.46

41 2 04S  42W  02BCC  01 NC10 1 I 0
`1

TO '4
215.36  I           213.91 1.45  ,

421, 04S  42W  16CCD  01 NC 1 1 U 0 12 TO 4 93.14 91.36 1.78

43 1 loss  37W  15DBB  01 F" t 1 I 10
'2 TO 4 150.01 148.66 1.351

44 1 05S  38W  13BAD  01 NP 1 1 I 1 2 TO,4 82.18 81.6 0.58  ,
45 1 05S  38W  22ACB  01 rm

!1
1 I 0 2 TO 4 102.86 100.63 2.231

46 1 ! 05S  39W  06DAA  01 F3EN 1 1 I 0
`2 TO-'   4(           218.44

216.88 1.56

47 1 05S  39W  llCBC  01 un !1 1 I 1 12 To 4  i           157.47 i             156.15 1.321

48i1 05S  39W  25CDA  01 Jun 1 1 I 1 2 TO !4 139.03 i           ,37.89
I                  1.14!

491 1 05S  40W  14BCD  01 BEAN
I,

1 I 0 !2 TO 4 230.73  , 229.39 1.34   i

50' 1 05S  40W  18ADB  01 JMA 1 1 I 01 2 TO ;   41            234.21 232.04 2,17

51,2 05S  40W  18ADB  01 JMA 1 1 I 012 TO 41              239.4, 232.04 7.361

52 1,05S  40W  27BBA 01 F3EN 11 1 I 0 2 TO1 4 216.071 212.05 4.021

53 2  ( 05S  40W  27BBA 01 Bow 1 1 I 0 2 TO                   141 216.07  i 212.05 4.02  ,
54 11 05S  41W  34CBB  01 Bow 1 1 I 0' 2 TO 41 204.96  , 203.94!            1.02!

55 1 05S  42W  14DCC  01 JMA 1 1 I 0 2 TO 4' 138.74 136.88 1.86   I

56 1 21S  31W  26CCC  01 rm il
1 I 0 2 QIJTO 14 75.76 75.07 0.69  I

57
`-`'`'''`'`''i`'   T

21S  32W  20CBD  01 in il 1 I a 2 QUTO !4,I            125.84 122.9 2.94  i

58 2 21S  32W  20CBD  01 rm
I,

1 I 0 2 QUTO 14 125.85 122.9 2.95  ;

59 1 21S  32W  26DAA  01 EL il 1 I 0 2 QUTO +( 112.27 112.98 -a.71   i

60 1 21S  33W  29BBC  01 DRL
!1

1 I 0 2 QUTO i4 88.49 85.35 3.14

61 1   '  21S  34W  14DBB  01 in 1 1 I lo 2 KN 1 103.69 loo.15 3.54  ,

62 2 21S  34W  14DBB  01 DFu 1 1 I 0 2 KN
11

103.76 loo.15 3.61

63 1 22S  27W  14ADC  01 Jun 0 1 I 0 0 KJ
'1

175.71 171.77 3.94

64 2 22S  27W  14ADC  01 Jwl 0 1 I 0 0 KJ 1 175.73 I           ,7,.77 3.96

65 3 22S  27W  14ADC  01 Jun 10 1 Ilo 0 KJ ill            175.44 171.77 3.67  i

10
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Ftcus
I   F]erun

I               Kes ,D Measurer A a C
iD 1E

F a
l' ,o3   Depth

T  '02   Depth

1  ,03„2  ;
66 1

I  22S  31W  O8CCC  01 NP 1 1 I 0 2 QIJTO 14 1',,,.46
110.39

I                1.07!

67 2 22S  31W  O8CCC  01 NP 1 1 I 0 2 QIJTO 4 i               111.48 I             110.39 1.09  i

68 1 22S  32W  O8ACB  01 NP 0 1 I 0 2 QUTO 4 113.35 I               111.69 I                1.66:

69 2  I  22S  32W  O8ACB  01 NP 0 1 I 0 2 QUTO 4 113.25 111.69 1.56

70 1 22S  32W 21CDC  01 NP 1 1 I 1
'1

QUTO 4 154.72 151.69 3.031

71 2 22S  32W 21CDC  01 NP 1 1 I 1 0 QUTO 4 I                154.7 151.69 3.01    I

72 1 22S  33W  36BCCC  01 NP 1 1 I 0 1 QUTO 4 i                136.5 131.48 5.02  i

73 2 22S  33W  36BCCC  01 NP'1 1 I 0 2 QUTO 4             136.49 131.48 5.ol   i

74 1 22S  34W O8BCB  01 in !1 1 U 0 2 KN 1,            133.53!               133.8 -0.271

75 2 22S  34W  O8BCB  01 rm 1 1 U 0 2 KN 1 i           ,33.54 133.8 -0.261

176 1 22S  34W  10AAA  01 in '1
1 U 0 2 QUTO 4 106.6 106.29 o.31   i

177 1 22S  34W  18CDD  01 mL 0 1 I 0 2 QUTO 14 i           144.55 i             14,.,7 3.38

78 1
' 22S  34W  26CCC  01 NP 1 1 u 10 2 QUTO 4 169.04 167.38 1.66

79 2 22S 34W 26CCC 01 NP
'1

1 u 0 2 QUTO 4 169.04 167.38 1.66   I

80 1 23S  27W  22DAB  01 un 1 1 I 1 2 QUTO ;4 i               73.18 72.42 0.76

81 1 23S  28W  22DCD  01 J" 1 1 I 0 2 Quro 14 73.83 73.41 0.421

82 1 23S  28W 34DDC  01 Jun 1 1 I
'0 2 QUTO 4 96.71 96.12 0.59

83 1 23S  29W 30888 01 Bow 1 1 I 1 2 QUTO 4 80.25 79.86 i            0.39

84 1 23S  29W 34CDD  01 Bow 1 1 I )1 2 TO 4 i              93.22 97.62 -4.41

85 2 23S  29W  34CDD  01 BBW 1 1 I 1 2 TO 4 93.22 97.62 -4.4

86 1   I  23S  30W  04ACC  01 BBW 1 1 I 0 2 QUTO 4  ;             73.03 72.32 0.71   i

87 1 23S  30W  19CCB  01 BEAN 1 1 I 0 2 QUTO 4  I                 92.5 I              92.09 0.41   I

88 1 23S  31W 03DCD  01 Jun '1

1 I 1 2 auto 4 116.58 i                      116.1 I            0.48  i
89 1 23S  31W  28CDD  02 JOu 1 1 I 1 2 Quro 4 151.09

I             -9999 -9999  i

90 1 23S  32W  26ACC  01 NP 1 1 I 1 12 TO 4 171.33 168.6 2.73  i

91 12 23S  32W  26ACC  01 NP 1 1 I 1 1 TO 4 171.26 168.6 2.66  i

92 )1 23S  32W  31CBD  01 NP il 1 I 0 2 QUTO 14 90 i               77.17 12.83

93`2 23S  32W  31CBD  01 NP
i,

1 I 0 2 Quro 4 I              89.99 77.17 12.821

94 3 i  23S  32W  31CBD  01 in 1 1 I 0 2 QUTO 4 '             55.69
77.17 -21.48

95 4  i  23S  32W  31CBD  01 rm 1 1 I 10 2 QUTO 4 55.7 )              77.,7 •21.47  ,

96 1
'  23S  33W  26ABB  01

NP 11 1 I

'o
2 QUTO 4 104.36 91.26 13.11

97 2 )  23S  33W  26ABB  01 NP il 1 I 0 2 QUTO 4 I                 104-3 91.26 13.04

98 1 23S  33W  28CDC  01 NP 1 1 U 0 2 Quro 4 90.98 76.87 14.11    I

99 2 23S  33W  28CDC  01 NP il 1 u 0 2 QUTO 4 90.97 I              76.87 14.1    I

loo 1 I 23S  33W  34ABC  01 NP 1 1 I a 2 QUTO 4 96.45 83.8 12.65

101 2 i 23S  33W  34ABC  01 NP 1 1 I 10 2 QUTO i4 96.48 83.8 12.68  )

102
il

23S  34W  IOACB  01 NP 1
11

I 0 2 QUTO 4 155.74 145.49 10.25

103 2 23S  34W  IOACB  01 NP 1 1 I 0 0 QUTO i4 155.75 145.49 10.26
104 1 23S  34W  17CCC  01 NP 1 1 I 0 2 QUTO 4 116.1 107.02 9.08  ,
105 2 23S  34W  17CCC 01 NP 1 1 I 0 2 QUTO 4 116.1 107.02 9.08  ;
106 1 23S  34W  21DDC  01 DfEL 1 1 u 0 2 QUTO 4 loo.55 98.34 10.21

107 2
I  23S  34W  21 DOC  01

DRL !1 1 u 0 2 QUTO 4 108.56 98.34 10.22  i

108 3,23S  34W 21 DDC  01 in 1 1 U 0 2 QUTO 4 108.57 98.341 10.23  i

109 1 24S  31W 27CCB  01 JW 1 1 H 1 2 QUTO 4             147.34 143.49 3.851

110 2 24S  31W 27CCB  01 Jun 1 1 H 1 2 QurTO 4 147.34 143.49 3.85
1111                                 , 24S  32W  10ACA  01 JM|! 1 1 1 1 auto 4 83.44 80.98 2.46  i
112 21 24S  32W  10ACA  01 JNI 1 1 1' 1 QUTO 4! 83.29  I 80.981 2.311
113 31 24S  32W  IOACA  01 JNI 1 1 I 1 1 QUTO 41 83.01 80.98 2.031

114 1 24S  32W  25CBB  02 Bowl 1 1 I 1 2 QA 2! 19.08  i 11.89 •

115 2 24S  32W 25CBB  02 Bow 1 1 I 1 1 QA 2, 19.07 11.89 7.18   I

116 1 24S  32W  36ACB  01 BOW 1 1 I 1 2 TO 4i 16.65 9.44 7.21   i

117 2 24S  32W  36ACB  01 EOw! 1 1 1 2 TO 4, 16.65 9.44 7.21   .

118 1 24S  33W O9CCD  01 rm1 1 1 u 0 2 QUTO 41 56.99 47.14 9.85
119 2  i  24S  33W  O9CCD  01 in 1 1 u 0 2 QUTO 4 57 47.14 9.861

120 1 24S  33W O9CCD  03 rm 1 1 U 0 2 KD 1 67.74 60.35 7.391

121 2,24S  33W O9CCD  03 DFEL 1 1 U 0 2 KD 1 67.74 60.35 7.39  ,
122 1,24S  33W  O9CCD  02 rm) 1 1 U, 0 2 QA 2 20.78 12.18 8.6,
123 2 24S  33W  O9CCD  02 in 1 1 U 0 2 QA 2, 20,79  i 12,18 8.61   i

124 11 24S  33W  18BDB  02 NC 1 1 ul 0 2 KD 1 110.07   i 110.53 -0.46

125 2' 24S  33W  18BDB  02 NC1 1 1 u! 0 2 KD 1 110.07   I 110.53 -o.461

126 1,24S  33W  18BDB  01 NC 1 1 U 0 2 KD 1 78.14  i 70.25 7.89  ;

127 21 24S  33W  18BDB  01 NC 1 1 U 0 2 KD 1( 78.12  i 70.25 7.87  i

128 1 24S  33W  19DBB  02 NC 1 1 U 0 2 KD 1 156.74 161.43 -4.691

1291                 2 24S  33W  19DBB  02 NC 1 1 u 0 2 KD 1, 156.74  , 161.43  , -4.69

130                 1   !24S33W  19DBB01 NC 1 1 U 0 2 KD 1    i             138.29 129.84 8.45

11



2003  appendix  A

F'cus i   Rerun
r'''              Kes lDI Measurer iA a C

riD

E F aI '03   Depth '02  Depth '03-'02

131 2  t  24S  33W  19DBB  01 NC il 1 U 0 12
KD 1 138.3 129.84 8.46

132 1 24S  33W  22DCA  01 F" 11 1 I 1 2 QUTO 4 122.17 117.25 4.92

133 2 I 24S  33W  22DCA  01 F" !1 1 I 1 2 QUTO 4 122.19 117.25 4.94

134 1 24S  33W  28DAA  01 NP 1 1 I io 2 Quro 4 117.88 113.2 4.68

135 2 I 24S  33W  28DAA  01 NP 1 1 I 10 12 QUTO 14
117.88 113.2 4.68

136 1 i 24S  33W  34CAC  01 NP 1 1 I 0 2 QUTO 4 I           ,52.86 I           148.42 4.44

137 2  i 24S  33W  34CAC  01 NPll 1 I 0 2 Quro 14 I            152.84 148.42 4.42

138 i               124S34WOIBCBBO1 NC 1 1 I 0 12 QUTO 4 52.91 I              42,39 10.52

139 2 24S 34W 01BCBB  01 NC 1 1 I 0 2 Qlrro 4 I                52.91
I              42.39

10.52

140 3 24S  34W  01BCBB  01 NC1, 1 I
10 2 I QUTO i4 i                52.91 42.39 10.52

141 1 24S  34W  17DCA  01 Eon 11 1 I

`1

2 QUTO 4 70.82 65.67 5.15

142 2 I 24S  34W  17DCA  01 Bow 1 1 I 1 2 Qurro 14
I              70.82

I              65.67 5.15

143 1
I 25S  32W  22DBC  01 F" 1 1 I

lo 2 QurTO 4 135.64 131.62 4.02

144 1 25S  32W  31DDC  01 Bow               I    1 1 I 1 2 QUTO 4 164.05 155.87 8.181

145 2 25S  32W  31DDC  01 BBW 1 1 I 1 12 Quro i4 I            164.o5 155.87 8.18

146 1 i  25S  32W  35ADB  01 Bow 1 1 I
!1

)2 QUTO 4 i             140.13 136.39 3.74
147 1 | 25S  33W  05ABD  01 F" '1

1 I 0 2 QUTO 4 144.75 144.48 o.27  I

148 2 I  25S  33W  05ABD  01 F" 1 1 I 0
'2 Quro 4 144.52 1            144.48 0.04

149 1 25S  33W  O9ABD  01 NP 11 1 I

'0
!2 QUTO 4 158. 21 153.47 4.74

150 2 .  25S  33W  O9ABD  01 NP 1 1 I 0 1 QUTO 4 158.19 153.47 4.721

151 1   i  25S  33W  15DAC  01 NP 1 1 I 0 2 QUTO 4 ;          ,79.57 175.09 4.48  ,
152 2 25S  33W  15DAC  01 NP 1 1 I 0 i2 QUTO 4 i            179.57 175.09 4.48  ;

153 1   I  25S  33W  16DCC  01 NP 11
1 U 0 2 QUTO 4 i              97.77 95.75 2.02  i

154 2 25S  33W  16DCC  01 NP il 1 U 0 12 QUTO 4  i             97.77 95.75 2.02
155 1

' 25S  34W  06AAA  01 Bow !1 0 U 0 12 Quro 4  I           163.04 157.56 5.48
156 1 25S  34W  IOABB  01 NC 1 1 U 0 2 QUTO 4 121.08 118 3.08
157 2 25S  34W  10ABB  01 NC

11
1 u 0 2 QUTO i4 I            ,2,.08 118 3.08

158 1 26S  31W  OIDDA  01 JW )1 1 I 1 2 QUTO !4 143.08 139.59 3.49  ,
159 1 i 26S  31W  068888  01 Bow 1 1 I 1 2 QUTO 4 I                129.2 125.76 3.44
160 1 26S  31W  31CDC  01 Bow 1 1 I 1 2 Quro 4 i            196.04 188.91 7.13

161 2 26S  31W  31CDC  01 Bow 1 1 I 11 2 QUTO 14 I            196.04 188.91 7.13

162 1 26S  32W  22ABB  01 Bow 1 1 I 1 2 QUTO 4 I            175.83 172.84 2.99
163 1 I  26S  33W  10CCD  01 NP 1 1 I 0 2 QUTO 4 i             176.19 168.24 7.95
164 2 26S  33W  10CCD  01 NP 1 1 I 0 2 QUTO 4 176.19 168.24 7.95
165 1 126S  33W  17DBD  01 NP 0 1 I 1 2 TO 4 177.68 (           ,72.44 5.24  I

166 1 26S  34W  05ADC  01 NC 11 1 I 0 2 TO 4
I            193.79

I,87 6.79
167 2 26S  34W  05ADC  01 NC 1 1 I

[o 12 TO 14 193.8 187 6.81

168 1 26S  34W  21BBD  01 JMA 1 1 I 0 2 QUTO !4 i          203.79 197.79 6
169 2 i  26S  34W  21BBD  01 JMA 1 1 I 0 2 QUTO 14 i              203.8 197.79 6.01

170 1 26S  22W 21 DCD  01 NP 1 1 I io 2 TOKD 5  i             39.33 37.49 1,84
171 2 26S  22W  21 DCD  01 NP

i,

1 I 0 2 Tol<D i   5(               39.33 37.49 1.84

172 1   i  26S  23W  02ABB  01 rm 0 1 I 0 2 KD I,   I               77.63 76.08 1.55  ,

178 2 i  26S  23W  02ABB  01 rm 0 1 I ol 2 KD 11                77.63 76.08 1.551

174 1 26S  23W  10DAD  01 in 0 1 U 0 2 KD 1 185.27 184.55 0.72
175 2 26S  23W  10DAD  01 DRL, 0 1 u 0 2 KD 1 185.28 184.55 0.731

176 1 26S  24W  29DDD  01 NP 1 1 u 01 2 TO 4 155.71 149.71 6,
177 2 I 26S  24W  29DDD  01 NP! 1 1 u 0 2 TO 41                155.7 149.71 5.99
178 1 26S  24W  31 DDA  01 NP 1 1 U 0 2 QA 2 21.28 14.05 7.231

179 2 26S  24W  31 DDA  01 NP 1 1 U 0' 1 QA 2! 21.26  I 14.05 7,21   ,
180 126S24W33CDA01 NJ 1 1 u 0 2 TO 4 46.9 40.56 6.34  ,
181 2 26S  24W  33CDA  01 NP 1 1 u,0, 2 TO 4 46.9 40.56 6.34  `
182 1,26S  25W  16DCC  01 Bowl 1 1 I 1 2 TO 4 146 143.72 2.28  ,
183 1 26S  26W  18CCB  01 JMAi 1 1 11 0 2,QATO 31 21.74 17.82 3.921

184 1' 26S  26W  32DCC  01 J"! 1 0 s' 0,21 TO 4, 110.94   i                 108.1 2.84
185 1 26S  26W  36DCC  01 un 1 1 o 2 TO 41 54.82  I 52.54 2.281

186 1,25S  25W  32CDD  01 BBW 1 1 I 1 2 KD1 1 207.93 217.75 -9.82

187 21 25S  25W  32CDD  01 BBW 1 1 '1 1 0 KD1 1' 207.91 217.75 -9.84

188 3 25S  25W 32CDD  01 Bowl 1 1 1 2 KDi 1 207.94 217.75 -9.81    I

189 1   I  25S  25W  32DAD  01 BBW 1 1 I 1 2 Qurro 4 76.23 75.72 0.51

190 1 25S  26W  25CDD  01 BBW 1 1 11 1 2 TO! 4' 80.79 80.12 0.67
191 1 25S  22W  20AAA  01 NP 1 1 u 0 2 TO 4 55.04 55.1 -0-06

192 2 25S  22W  20AAA  01 NP 1 1 U 0 2 TO 4 55.04 55.1 -0.06

193 1 25S  22W  27CCD  01 NP 1 1 H 0 2 TOKD 5, 40.99 40.35 o.64  I

194 2 25S  22W  27CCD  01 NPil 1 H 0 2 Tol<D 5 40.98 40.35 0.63  I

195 1 25S  23W  llCCC  01 mL 1 1 u' 0 2 KD,1 73.6 72.8 0.8

12
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Fbi Fterun KGS 'D Measurer  i  A a C D
!E

F a '03  Depth
'  ,o2  Depth

'03„2  i

196 1 25S  23W  12888  01 mL 11

1 U 0 2 KD !1 169.9 I            166.09 3.81

197 2 25S  23W  12888  01 in !1 1 u 0 12 KD !1 169.89 166.09 3.81

198 1 26S  21W  25CCC 01 NP
11

1 I 1
'2 QA 2 10.02 9.56 0.46  i

199 2 26S  21W 25CCC 01 NP 1 1 I 1 2 QA i2 10.02 9.56 0.46  I

200 1 27S  21W  10DBB  01 NP 1 1 I 1 2 QAQu 3 7.63 6.84 I           0.79

201 2 27S  21W  IODBB  01 NP
I,

1 I 1 2 QAOU i3 i                    7.61 )                  6.84 0.77

202 1 27S  23W  24BCB  01 NP !1 1 I 0 2 KD !1
I               63.67  I               63.61 0.061

203 2 27S  23W  24BCB  01 NP il 1 I 0 L2
KD 1 i              63.67 i                63.61 ... _...-_.9":..9.6   i

204 1   I  27S  23W  28AAA  01 JMA 10 1 I 0 1 OUTO i4 1                 71.67 I                71.38 0.29

205 2 27S  23W  28AAA  01 JMA 0 1 I 0 0 QUTO       i4 i                  71.61 71.38 0.23

206 1 27S  23W  36CCC  01 JMA 1 1 I 0
'2

TO 4 52.63 51.08 1.551

207 1   i  27S  24W  03CDD  01 NP 1 1 U 0 2 TO 4 23.97 19.22 4.75

208 1 27S  24W  03BBD  01 NP 11 1 u 0 2 TO 4 29.54 28.34 1,2

209 1 27S  24W  04BBC  01 NP 1 1 u 0 2 TO 4 34.38 25.89 8.49  I

210 2 27S  24W  04BBC  01 NP 1 1 U 10 2 TO 4 34.37 25.89 8.48

211 1 27S  24W  O9AAD  01 NPll 1 U 0 2 TO 4 33.14 28.92 4.22

212 1
I  27S  24W  16BDB  01

NP '1 1 u
`o

2 TO 4 88.95 84.77 4.18  ,

213 1 27S  24W  26DAA  01 JMA
'1

1 I 0 2 TO 4 i                  101.9 loo.25 1.65

214 1 I 27S  25W  O9ACA  01 JNI 1 1 I 0 2 TO 4
I                  78.11

76.48 1.63

215 1 27S  25W 25888  01 NP 11 1 I •0 2 TO 4 127.56 126.5 1.06

216 2 27S  25W 25888 01 NP
!1

1 I 10 i2 TO 4 127.56 126.5 1.06

217 1 28S  21 W  1 OD-Di5IT JMA 11 1 I 0 2 QUTO
'4

50.24 48.8 1.44

218 1   I 28S  21W  23DBC  01 JMA il 1 I 10 2 TO i   4i              82.95 I                81.95 1

219 1   ) 28S  21W  25ABB  01 JMA L 1 I 10 2 QUTO i   4!                  77.31               75.98 1.32

220 1   I  28S  22W  05ADD  01 JMA 1 1 I 0 2 QAQU i   3!               22.05
I                 21.55 0.5

221 1 28S  22W  12CAC  01 JMA !1 1 I 0 12 TO 4 67.13 I             66.77 0.36
222

11
28S  22W  32BAB  01 JVA

!1
1 I 0 [2 TO 4 129.64 128.86 o.78

223 11 28S  23W  18BAB  01 rm 1 1 I
lo

12 QUTO 4 146.73 I            145.82 0.91

224,              1 28S  23W  24ABB  01 mL 1 I 0 " QUTO 14 loo.29 I              99.88 0.41

225 1 i  28S  24W  O8DCC  01 rm il 1 I 0 i2 QUTO 4|           150.74 149.63
i,.,,

226 1
I 28S  24W  22CDA 01 in 1 1 I 0 2 QUTO 4!             115.74 i             114.74 !1

227 1 28S  24W  35CAB  01 mL 1 1 I 1 2 QUTO 14 110.93 I                   110.7 i            0.23

1228 1 28S  25W  06ABB  01 NC 1 1 I 0 2 auto 14 I            160.54 I            159.48 1.06

229 1 i 28S  25W  19888  01 NC
i,

1 I 0 2 TO .4 !             159.18 i               ,56.4 2.78

230 1 28S  26W  06ABB  01 NC!, 1 I

'0
2 TO 4 179.8 178.15 1.65

2311                     1 28S  26W  13CAA  01 NC 1 1 U 0 2 QUTO 4 i           ,53.64 151.48 2.16

232 11 29S  21W  05888  01 JMA 1 1 I 1 2 TO 4!        _104.181            103.59 0.59  I

233 1
1  29S  21W  20CAD  01

JMA 1 1 I 0 2 QUITO 4 I             139.41 i            138.35 1.06

234 11
129S  22W  17DAD  01 JMA 11 1 I 1 2 TO 4 135.3 134.48 0'82  ,

235 1 I 29S  22W  36ACA  01 JMA 1 1 I 0 12 QUTO 4 141.25 140.59 0,66 ,
236 1   I  29S  23W  12BAC  01 JMA

'o
0 I 0 2 QUTO 4 186. 56 188.1 •1.54   I

237 1   i  29S  24W  OIABA  01 in 1 1 I 0 2 TO 4 152.15 151.02 1.13   i

238 1 29S  24W  13BCA  01 mL
i,

1 I 10 2 QUTO 4 119.2 118.5 0.71

239 1 29S  24W  18BAA  01 EL 1 1 I
•0 2 TO 4 161.8 161.94 -0.14  i

240 1 29S  25W  03ADA  01 NC 1 1 I 1 2 TO 4 184. 91 182.93 1.98  i

241 1 29S  25W  10BBBC  01 NC1, 1 I 0 2 QUTO 4 168.89
I            168.09

0.8i

242 1 29S  26W  29ABB  01 NP 1 1 I 0 2 Quro !4 110,35 105.02 5.33  i

243 2 ' 29S  26W  29ABB  01
NP 1 1 I io 2 QUTO 14 I             110.36 105.02 5.341

244 1 29S  26W 36888  01 NC 11 1 I 1 2 TO 4 I                36,81 34.16 2.65  I

245 1 28S  37W  IOADB  01 Jun 11 1 I 1
'2 QUTO 14 252.93 249.12 3.all

246 1 28S  38W  12BCB  02 F" 1 1 0 1 Cue 252.2 )              247.4 4.8
247 1 28S  38W  33BDB  01 F" 0 1 u 0 1 TO 4 247.8 244.71

i            3.og

248 1 27S  35W  25BDC  01 NC1
11

1 I 0 2 lTO 4 289.26 284.65 4.61    I

249 2 27S  35W  25BDC  01 NC( 1 1 I 0 2 TO 4!          289.26 284.65-
250 1 27S  36W  01ADB  01 Bowl11 0 1 0 QurTO 41           285.99 I            281.94 4.o5  i

251 2127S  36W  01ADB  01 Bow 11 0 1 0 QUTO !4 286 281.94 4.06  I

252 1 27S  36W  21 DCC  01 JOu
!1

1 I
11

2 QUTO       i   4|         322.32 318.58 3.741

253 1 127S  37W  16AAD  01 JOu 11 1 I 0 !2 i TOKJ 5 237.19 235.33 1.861

254 1 27S  37W  21BDD  01 Jun 10 1 I 1 0 TOKJ 5 I          230.49 224.04 6.45

255 2 27S  37W  21BDD  01 Jun 'o
1 I 1 0 TOKJ 5 227.9 224.04 3.86  i

256 3 27S  37W  21BDD  01 JNI 0 1 I 1 a TOKJ
'5

230.34.          224.04 6.3!

257 4 27S  37W  21BDD  01 JMH 0 1 I 1 0 TOKJ
'5

228.48 224.04 4.44

258 1 27S  38W  12ADC  01 F" !1 11 I 1 12 QUTO 4 213.73 208.9 4.83  I

259 1 27S  35W  17ADD  01 Jun 1 1 I 1 2 QUTO 4 303.9 299.11 4.791

260 1 28S  35W  03DBB  01 Jun 1 1 I 1 0 TO 4 I              324.6 317.47 7+

13
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Fbi i'-rial.i  i'''-~   ''''kdsiD       -~'.' Mea§urer
'A

8 C
i   D

EI F iG
'03  Depth '02  DepthI T   ,o3-.o2

261 2 (  28S  35W  03DBB  01 JMH 1 1 I 1 2 TO 4 328.8 317.47 11.33

262 3 28S  35W  03DBB  01 Jqu 1 1 I 1
12 TO 4-8 317.47 11.33

263 1 28S  35W  36ABC  01 rm 1 1 U !0 1 QUTO 4 347.7 347.09 0.61

264 1 28S  36W  18ABC  01 JVH il 1 I 1
`1

TOKJ 5 258.56 251.66 6.9

265 2 28S  36W  18ABC  01 Jun
i,

1 I 1 1 TOKJ 5 i          258.68 I           25,.66 7.o2  I

266 1
I 28S  36W  24AAD  01 Jwl h 1 I 1 2 QUTO !4 I          304.48 I          304.4, 0.07

267 1 28S  37W 02888  04 JMl                I    1 1 I 1 2 TOKJ 5 265.52 I              262.2 3.32  '

268 1 26S  28W  06DDB  01 Jwl 11 1 I 0 i2 QAQU 3
I                19.og

15.31 3.781

269 1 I  26S  28W  IOACB  02 JMA                 i    0 0 I 0 i2 QA i2 37.67 i              33.55 I             4.12

270 1 26S  30W OIABC  01 J"
!1

1 I 0 2 Quro !4 90.64 84.59 6.o5  I

271 1 26S  30W  24DDD  01 BBW 1
11

I 0 2 auto 4 I           ,44.,9 139.89 4.3

2722 26S  30W  24DDD  01 BEW 1 1 I 0
'2 Quro 4 I           ,44.,9 139.89 ` 4.3

273 11 25S  27W  33ABB  01 Jun 1 11 U 0 2 QUTO
'4

146.1
I                   145.1

1

2741'                  1 i 27S  27W  07ADC  ol JMA 1 1 I 0 2 QUTO 4 i            126.75 127.4 -0.65

275 (1 27S  27\^/  10CDB  01 JMA 1 1 I 0 2 Quro !4 I            169.58 166.93 2.65

276 1 28S  27W 03888  01 NC il 1 I 0 !2 QUTO 4|            201.17 199.49 1.68

277 1 I  28S  29W  16ACC  01 JM|                I    1 1 U 0 2 Quro 4 )           ,75.47 174.5 0.97
278!               , 128S  30W  IODDD  01 BEW

'1 0 I 0 0 Quro 41           202.23 194.29 7.94

279 2 28S  30W  IODDD  01 Bow 1 0 I 0 0 QUTO !4 202.2 194.29 7.91

280 3 28S  BOW  IODDD  01 BBW 1 0 I 0 0 QUTO !4 202.15 194.29 7.86

281 1 28S  30W  17BBA  01 Bow 10 1 I
!1 10 TO 4 209.15 203.74 5.41

282 I              128S30W24BAB01 BEAN
i,

1 I 1 2 QUTO 4 193.08 189.73 3.35

283 1 27S  28W  05AAA  01 Jun 1 1 I 0 2 QUTO 4  i           143.38 134.63 8.75

284 2 i 27S  28W  05AAA  01 Jun '1

1 I !0 2 OIJTO I   4!            143.39 134.63 8.id
285 3 27S  28W  05AAA  01 JNI 1 1 I !0 2 QUTO 14 139.85 134.63 5.22
286 1 27S  28W  30CCA  01 Jun 1 1 I 0 2 auto •4 I            143.75 137.21 6.54
287 11 27S  29W  27CAA  01 un 1 1 I r''6''" 2 QUTO 14 156.73 I                 149.7 7.03
288 2

I 27S  29W  27CAA  01 Jun
i,

1 I 0 2 QUTO !4 i           ,56.74 149.7 7.04
289 tl 27S  30W 08888 01 un 10 0 I 0 12 Curo 4 I            155.25 151.51 3.74

290 12 27S  30W 08888  01 Jun (0 0 !0 12 QIJTO I    41                  154.3
151.51 2.79

291 11 27S  30W  23BBC 01 BEW i 1 '!0 2 QUTO `4 168.98 161.79 i            7.,9

292 1 27S 30W 34CCC 01 Bow 1 1 I 0 2 QUTO 4 I             191.28 I                '87.1 4.18

293 1   i  25S  29W  07BCB  01 Jun 1 1 I 0 2 auto i4 (             171.49 168.61 2.88

294 1   (  25S  29W  14ABB  01 Jwl 1 1 I 0 !2 Quro 4 160.6 156.05 4.55

295 1 I 25S  30W 20BCB  01 JVL.I i 1 I 0
'2 -a 3 I               ,9.59 I                   14.14 5.45

296
i,I 24S  29W  16DCA  01 BEAN                   i     , 1 I 0 2 QUTO 4 I            125.78 I            123.28 2.51

297 1 I 24S  29W  18CCB  01 BEW                 :     1 1 I 1 2 QUTO 4 I            147.69 I            145.69 12

298 1 i 24§  3oW  15CCC  02 Bow 1 1 I 0 2 QUTO 4  i           163.65 160.69 2.96  .

299 1 24S  27W O8CCC 01 BBW 1 1 I 1 2 QIJTO 4  i                 87.7 85.68 2.02  I

3001                , 24S  27W  14ABB  01 un '1 1 I 0 2 QUTO :4 i              65.73 65.1 0.63  ,
301 2 24S  27W  14ABB  01 Jun 1 1 I 0 2 QUTO 4 I              65.73 65.1 0.63  i

302 1 24S  27W 29BCC  01 BEW 1 1 I 1 2 QurTO 4 i,02I                   99.6 2.4i

303 1 24S  27W 31CDD  01 Bow 1 1 I 1 2 QUTO 14
I             1o3.19

101.31 1.88

304 1 24S  28W  28BBA  01 JNI !1 1 I 0 2 Quro 4 122.86 121.16 1.71

305 1 24S  28W  31 D0  01 JW 1 1 I 0 2 QIJTO 4 I             153,41 I            145.58 7.83  I

306 2 24S  28W  31 DD  01 un 1 1 I
10 2 Quro 4 I            ,53.4, 145.58 7.83  I

307 1   i  26S  27W  12CDD  01 JMA 1 0 S, 0 2 QUTO        i4l 46.051 41 . 42 4.63
308 1 26S  27W  27CDD  01 JMA! 1 0 U 0 2 QUTO 14 84.54 81.68 2.86  :

309 1 29S 27W 30BCC  01 rm! 1 0 1! 0! 2 QUTO 4! 160.33 158.92 1.41,

310 1 29S  28W 28CDC  01 rm1 1 0 I 01 2 TO 4! 161.48 155.36  , 6.12  i

311 1 29S  29W 27BCB  01 JW 0 1 I 0 0 QUTO 4,                 171.1, 168.14  i 2.96  i

312 2  I 29S  29W 27BCB  01 Jwl 0 1 I 0! 0 QUTO 4 166.3 168.14 TE
313 3,29S  29W  27BCB  01 J" 0! 1 11 01 0 QUITO 4i 167.27  , 168.14  , -0.871

314 4  i 29S  29W  27BCB  01 J"1 0 1 I 0 0 QUTO 4. 166T47 168.14   i -1.67   I

315 1 29S  30W O8CCB  01 BBW1 1 1 0 2 QUTO        I 4 216.09 214.41 1.68

316 1 29S  30W 22BBC  01 BEN 1 1 I 1 2 QUTO 4[ 240.82  i 236.22 4.6

317 1   I  23S  42W  19CBB  01 JMA 1 1 I 0 2 QAQU       i 3i 25.79  I 24.23 1.56

318 1 23S  42W  26DCA 01 JMA! 1 1 0 2 QA1 2 27.47 26.44 1.031

319 1 23S  42W  27DDB  01 JMA                  I     1 1 0 2 QA! 2 22.85 22.14 0.71   '

320 1 23S  42W  34CBB  01 F" 1 1 1 2 QA 21 11.12 10.58 0.541

321 1 24S  39W  19CBC  01 NC 1 1 I 0 2 QA 21 9.83  i 9.09
-0.74

3221 1   1  24S  39W  22CCB  01 NC 1 1 I 0. 2 QA 2! 12.28 11.71 0.57  i

3231
'1 24S  39W  35CBA  01 NC 1 1 I 11 2 QU 41 15.04 14.64 0.4,

324'               1 24S  39W  35BAC  01 NC 1 1 I 0 2 QA 12 8.6 8.17 0.43

325 1   I  24S  40W  07CBB  01 JMA 1 1 I 0 2 QA 21 15.52  II                14.68 -

14
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F)cue I  .perLh I                   KGS ID Measurer A a C D Ei F a '03   Depth
'  .o2  Depth

'03-'02

326 1 24S  40W  17888  01 NC 1 1 I 0 i2 QA i2 15.77 14.43 1.34

327_ 1 24S  40W  23AAB  01 NC 1 0 U 0 2 QA 2 26.55 25.47 1.08

328 1 24S  40W 31888  01 JMA 1 1 S 0 2 Qu 4 61.64 i                 61.21 0.43

329 1 24S  41W  01DAD  01 JMA 1 1 U 0 !2 QAQU 3 25.31 23.35 1.96

330 1 I  24S  42W  28DDD  01 JMA 1 1 S 0 12 KJ 1 170.98 171.69 -0.71

331 1 24S  43W  14CBB  01 JMA 1 1 S 0 2 KJ 1                 112.98 113.75 -0.77

332 1

I 23S  43W  21ABA  01
JMA 1 1 U 0 2 QA

'2
I                 14.42 13.42 1

333 1 25S  39W  02CAD  01 NC 0 0 S 0 2 a_uta _ 4 29.71 i             29,45 0.26

334 2 r 25S  39W  o2CAD  ot NC 0 0 S 0 2 QUTO 4 29.71 29.45 0.26

335 3  I 25S  39W  02CAD  01 NC 0 0 S 0 2 QUTO 4 I                  29.7 i              29.45 0.25
336 1 25S  39W  23BDD  01 NC 1 1 U

'o
2 auto 4 87.03 I               86.17 0.86

337 1 125S  40W  OICA  01 JMA 1 1 S a 2 QU !4 i                49.01 48.66 0.35
338 '1 25S  40W 26888  01 NC 0 1 H !0 2 KJ il 233.21

I          23o.o8
3.13

339 2 25S  40W 26888  01 NC 0 1 H 10
1 KJ 1 233.2 230.08 3.12

340 1 26S  41W  20BCD  01 F" 1 1 U 0 2 QUTO I    41                 5,.45 50.55
''.I      _o.6

1341 1   i 26S  42W  lobe  02 F" 1 1 I

'1

2 QUTO 4 I            149.84 i             144.16 5.68
342 2 26S  42W  1088 02 FIN 1 1 I 1 2 QUTO 4 I            149.87 144.16 5.71

343 1 26S  42W  17CBB  01 F" 1 1 I 0 2 OUTOKJ   I   5             211,27 208.05 3.22
1344

1 26S 42W 22DCC 02 F" 1 1 I 0 2 TO i4 228.84 219.48 9.36
345 2 26S 42W 22DCC 02 F" 1 1 I 0 0 TO 4  i               228.1 219.48 8.62
346 1 26S  43W  25DCC  01 F" 1 1 I 0 2 OuOKJ 5 I          259.63 255.09 4.54
347 1 25S  43W  03ABB  01 JMA 11 1 U 0 !2 KJ 1 I             271.18 270.9 0.28
348,              1 25S  43W  25CCD  01 F" 1 1 I 0

'2 Quro 4 182 177.45 4.55
3491                 1 23S  43W  23BCB  01 F" 1 1 I 0 2 QA 2 i                22.14 20.81 1.33

350 2 23S  43W  23BCB  01 F" 1 1 I 0 0 QA 2 I                      21.2 20.81 0.39

351 1 23S  43W  25CBD  02 F" 1 1 I 0
'2

QA 2 9.3 8.53 0.J711,

352 1 i  23S  43W  26B~66-.di'-.~.. F"
11

1 I 0 2 QA 2 5.35 8.3 -2.95

353 1 21S  39W  07CBA  01 in
I,

1 H 0 2 TO 4 185.42 185.5 -0.081

354 1 23S  40W  29DDB  01 NC io
1 S 0

`2
KD 1 i           321.52 i          32,.29 0.231

355 1 27S  31W 24CDC  01 un 1 1 I 0 2 QUTO ;4 i          200.55 194.96 5.59
356 1 i  27S  31W  31 BCC  01 BEW 1 1 I

11 2 QUTO 4 I           235.o8
I          235.08 0'

357 2

::;:::;:::::::
BEW 1 1 I 1 1 QUTO 4 i          235.09 235.08 0.01

358 1 F" 1 1 I 0 2 QUTO 14 233.28 223.69 9.59
359 2 27S  32W 06CBB  01 F" 1 1 I !0 2 QUTO

I   4,              233.3
i          223.69 9.61

360 1   ;  27S  32W  19CCD  01 DFu 1 1 I !0 2 QUTO i   4!               274.5 266.44 8.06
361

I              1   :27S  33W  19CDC  01
JMA 1 1 U 0 2 TO 4  I          286.42 284.44 1.98

362 1 27S  34W  16DDD  02 NC 1 1 I 0 2 TO 4 I          253.69 248.48 5.2,I
363 2 27S  34W  16DDD  02 NC 1 1 I 0 2 TO 4 253.71 248.48 5.23  i

364 1 28S  31W  35CCB  01 JVH !1
1 I 1 2 Quro `4 252.69 248.84 3.85

365 1 28S  32W  17CDD  01 in 1 1 I 0 12 TO 4 344.26 340.1 4.16

366 1 28S  32W  24BCC  01 Bow 0 1 I 1 1 QUTO !4 i             243.2 240.82 i            2.38
367 1

I 28S  33W  20ACD  01
JMA 1 1 I 0 !2 TO 14 i          389.04 385.21 3.83

368 1 27S  34W  28DAA  02 NC 1 1 I 0 2 TO 4 307.18 302.9 4.28  ;
369 12 27S  34W  28DAA  02 NC 1 1 I 0 2 TO 4 I           307.19 302.99            4L29J
370 1 29S  31W  O9CBB  01 JMH 1 1 I 0 2 QUTO 4 I           269.98 266.45 3.53
37,I               2 29S  31W  O9CBB  01 Jwl 1 1 I a 12 QUTO 4 269.97 266.45 3.52  I

372 1 I 29S  32W  04AAA  01 rm 1 1 I 0!2 TO 4 308.74 304.35 4.39  i

373 1 29S  32W  19CCC  01 rm 0 1 I 0 2 QUTO 4 337.65 334.97 2.68  I

374 2 29S  32W  19CCC  01 mL 0 1 I 0 2 QUTO 4 337.65 334.97 2.68  i
375 1 29S  33W  01AAB  01 DFIL 0 1 I 0 2 QUTO 4 374.19 370.47 3.721

376 1 29S  33W 28BCB  01 rm 1 1 I 0 2 Quro      14 351.3 348.44 2'.66'i

377 1 29S  33W  34DDD  01 m! 1 1 U 0 2 TO 4 361.48 358.75 2.731

378 1   I  29S  34W  llADD  02 JMA 0 1 I 0 2 TO 4! 349.39  i             346.5 2.89
379 11 30S  31W  26ABB  01 JW 1 1 I 01 2 TO,41 275.34 270.99 4.35  i

380 11 30S 32W 22888 01 DFU 1 1 U 0 2 TO 4 328.83 312.7 16.131

381 21 30S  32W 22888 01 DFEL 1 1 u 0 2 TO1 4 328.831 312.7 16.13

382 1 30S  32W  35BBA  01 rm 1 1 0 2 Quro      i 4,               273.41 278.2 -4.8

383 2 30S  32W  35BBA  01 rm 1 1 I 0' 2 QUTO 41 273.4 278.2 -4.8  )

384 1 30S  34W 05888  01 NC 1 0 0 2 Quro     i 4, 336.9  , 333.78 3.12

385 2 30S  34W 05888  01 NC 1 0 0 2 QUTO       I 4' 336.89 333.78 3.111

386 1 30S  34W  15BAA  01 NC 1 1 Z 0 2 QUTO 4, 322.221 318.5 3.72  I

387 2 30S  34W  15BM  01 NC 1 1 Z 0 2 QUTO 4! 322.23 318.5 3.731

388 1 22S  24W  26DDA 01 mL 1 1 Sl 0 1 KD 11 160.7 158.97 1.73  ,

389 1 22S  24W  35DAC  01 rm 1 0 S 0 2 KD 1,I            125.32 118.57 6.75  I

390 1 22S  22W  13CCC 01 NC 1 1 U 0 2 QA112 I              36.25 i              32.46 I            3.79

15
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Ftcus
I   F]erun i                  KGS ID Measurer •A

B C D
[E

TF a i  ,o3   Pep,h
T  ,o2   Depth '03-'02

3913923'95 2 '  22S  22W  13CCC  01
NC 11 1 U !o 2 QA 2 36.25 I              32.46 3.79

1 22S  24W  14BBC  01 NC •1 0 I 0 2 KD 11 269.68 262.63 7.05

2 22S  24W  14BBC  01 NC !1 0 I 0 2 KD 1 i          269.68 262.63 7.05

1394 1 22S  24W  15BDA  01 NC 1 1 I 0 2 KD
!1

269.88 263.09 6.79  I

1395 2 t22S24WT5-BDA01 NC 1 1 I

'o;2
KD 1 I          269.88 I          263.09 6.79

1396 1 23S  22W  07DAA  01 NP 1 1 U 0 i2 KD 1 102.02 96.65 5.371

397 2 I  23S  22W  07DAA  01 NP
!1

1 U 0 12 KD !1
102.01 96.65 I            5.36

398 1 23S  23W  04DCA  01 NP !1 1 I 0 2 KD
'1

38.77 33.78 4.99

399 2 I  23S  23W  04DCA  01 NP
[1

1 I 0 J KD 1 38.78 33.78 I51

400 1 i  23S  23W  04AAD  01 NP 1 1 I !1 2 KD
11

40.99 )                 35,6 5.391

401 2 23S  23W  04AAD  01 NP '1
1 I 1 1 KD

'1

i              40.98 35.6 5.38  ,
402 1 I  23S  23W  12ABD  01 NP 10 0 I 0 0 KD 1 i              80.26 72.55 I              7.71

403 2 23S  23W  12ABD  01 NP lo 0 I 0 1 KD 1 i                 8o.2 72.55 7.65  I

404 1 23S  24W  11 DAA  01 rm 0 0 S 0 0 KD 1 144.91 136.6 8.31

405 2 t  23S  24W  11 DAA  01 rm 10 0 S 0 10 lKD 1 i           ,44.92
I                136.6 8.32  ,

406 1 I  23S  26W  07CCC  01 BBW
I,

1 I 0 2 KD F i           322.16 319.26 2.9
407 1

)  24S  21W  20CBB  01 NP
!1

1 I 0 2 I TOKD 5 73.17 73.16 0.01

408 2 i'  24S  21W  20CBB  01 NP
'1

1 I 0 2 TOKD i5 i               73.17 73.16 0.01

409 11 24S  23W  03CCC  01 in il 1 I 0 2 TO 4 I                64.41 63.4 1.01

410 1 24S  23W  06AAB  01 in '1 0 I 0 2 KD 1 155.2 153.65 1.55

411 1 24S  24W 02CCC 01 EL 1 1 I io 2 TO 4 73.58 I                71.99 1.59

412 1 24S  24W 20CCC  01 BEW
`1

1 I 1 2 TO 4 i              63.68  i              63.22 0.46
413 1 24S  25W  22BAB  01 BBW

!1
1 I 1 1 TO '4

i              85.83 85.76 0.07
414 2 24S  25W  22BAB  01 BBW

11
1 I 1 2 TO 4 85.83 I              85.76 0.071

415 1 23S  26W  20CCC  01 BEW il 1 I 0 2 TO 4 I                 45.15 46.24 .1.091

416 1 23S  26W  26AAD  01 Bow !1 1 S 0 !2 TO 4 69.5 69.I 1 0.39
417 1 23S  26W  31CDD  01 JNI 1 1 I 10 2 TO 4 68.67 I                  68.2 0.47
418 1 i  22S  24W  25DDC  01 FM 1 1 S io 2 KD 1 145.62 -9999

I         -9999!
419 1 25S  36W  148  01 JMH 1 1 I 1 2 QUTO 4 I            1o3,27 98.74 4.53
420 2 T25S  36W  148  ol un 1 1 I 1 2 QIITO 4 I            103.27 98.74 4.531

421 1 L25S  36W  28CBD  ol "H
11

1 I 1 2 QUTO 4 i            126.76 113.92 12.84  I

422 12 25S  36W  28CBD  01 "H il 1 I 1 2 QIITO 4 i            126.77 113.92 12.85  ,

423 1 25S  36W  35CCA  01 "H 1 1 I 0 1 QUTO 4 I            146.94 142.2 4.74  i

424 2 25S  36W  35CCA  01 JOu !1 1 I

'o
1 QIITO 4 145. 95 142.2 3.75

425 3 25S  36W  35CCA  01 JOu `1
1 I 0 1 QUTO 4!           ,47.05 I                142.2

I            4.85

426 1 I  25S  37W  15ABA  02 un 1 1 u 0 !2 QA 2 i                10.08 I                  9.27 0.81   i

427 .  ..I..I  ?.5S.. ?9vy. 08CAA  ol NC 1 1 U 0 2 CueKJ 5 43.45 '43
0.45

428 2 I 25S  38W  O8CM  01 NC
(1

1 U 0 0 CueKJ 5 I                43.41 43 0.41   ,

429 1 25S  38W  20ACC  01 NC 1 1 U,O 2 CuroKJ 5 i              68.33 i              68.39 -0.061

430; 1 i 23S  36W  32888  01 JMA 11 1 I 0 2 TO 4 i          242.88 240.2 2.68
431, 1 23S  36W  35888  01 NP 1 1 I 1 2 TO 14 211.87 211.23 0.64
432, 2 23S  36W 35888  01 NP il 1 I 1 2 TO 4 211.87 211.23 0.64
433 1 23S  37W 04ABC  01 mL 1 1 1' 0 2 TO 4 192.24 190.53 1.71

434 1 22S  37W  34BBC  01 mL 1 1 0 2 TO 4 135.47  , 135.48 -0.01

435 1 22S  35W 23CDD  01 mL 1 1 U 0 2 TO 4 I            130.73 131.35  , -0.62

436: 2 22S  35W  23CDD  01 DFu 1 1 U 0 2 TO 4' 130.73 131.35  I -0.62

437' 1 26S  35W  27AAC  01 mL1 0 1 I 1 0 OUTO 4 253.65 240.82 12.83
438 2 26S  35W  27AAC  01 JMA 0 1 I 1 0 QUTO 41 253.65 240.82 12.83
439 3    26S  35W  27AAC  01 JMA 0 1 I 1 0 QUTO        I 4' 253.57  i 240.82 12.75  i
440 1' 26S  35W  29BBD  01 JMA 1 0 1! 1 2 TO 4! 243.08 236.63 6.45
441 2 26S  35W  29BBD  01 JMA 1 0 1 1 TO1 4! 247.79 236.63 11.161

1442 1 26S  36W  22CCA  01 BEIV                i 1 1 I 0 2 Tot 4'
.225.37

222.14 3.231

443 11 26S  37W 06ACB  01 J"I 1 0 S 0 2! QUTO 4i 29.1 28.31   I 0.79
444 1! 26S  37W  23BBC  01 JMH! 1 1 1 2 QUTO 41           208.92 205.2 3.72
445 1 23S  35W  05ACC  01 DFEL 0 1 1' 0 2 TO1 4!             151.59 151.58 o.ol   I

446 2 23S  35W  05ACC  0123S35W12CCC02 mL 0 1 I 0 1 TO 4 151.53 151.58 -0.05  i

447 1 NP 1 1 I 0 2 QUTO 41 124.65 125.12 -0.47  i

448 1 23S  35W  16BBC  01 NP 1 1 I 1 2 TO 4 129.4 125.54 3.861

449 2 23S  35W  16BBC  01 NP 1 1 I 11 2 TO 4 129.4 125.54 3.86  I

450 1 24S  35W  O9CCC  01 FEN 1 1 U 0 2 QUTO 41 45.44 39.21 6.23  I

451 2 24S  35W O9CCC  01 BBW 1 1 U 0 2 auto 4, 45.44 39.21 6.23
452 1 24S  35W 24BCB  01 Bow 1 1 I 1 2 QAQUTO 3 36.281 32.51 3.77
453 11 24S  36W  23CBB  02 BBW1 1 1 I 1 2 QUTO 4 33.97 31.78 2.19

454 1 23S 35W 24888  02 NP 1 1 I 0 2 QUTO 4'             111.05 111.3 -0.25

455 1,23S  35W 25888  03 NP 0 1 11 0 2 auto 41              89.66 79.73 9.93  ,
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FI- F]erun I                 KGS ,D Measurer A a C D E Fi a '03   Depth '02  Depth '03-'02

456 2  I 23S  35W  25888  03 NP !o
1 I 0 1 QUTO 14 89.65 79.73 9.92

457 3
` 23S  35W  25888  03

NP 10 1 I 0 2 QUTO 4 89.62 79.73 I            9.89

458 1 I 23S  36W  04CBB  01 rm 1 1 I !0 2 TO 4 143.48 143.72 -0.24-
459 1 125S  35W  02BAA  01 BEW 1 1 U 0 i2 QUTO .4 139.68 133.16 6.52

460 2 25S  35W  02BAA  01 Bow !1 1 U 0!0 QIITO 4 139 133.16 I            5.84

461 3 25S  35W  02BAA  01 BBW 11 1 U !0 2 QUTO 4 J'             139.68 133.16 6.52

462 1 25S  35W  04BDD  01 BEAN
i,

1 I
i,

2 QUTO 14
103.36 97.14 6.22

463 1 25S  35W  17AAA  01 Bow 11
1 I 1 2 QUTO

'4
i            ,48.12 142.91 5.21   I

464 1 25S  35W  26BAB  01 Bow il 1 I 0 !2 QUTO 14 i          209.94 202.99 6.95

465 1 30S  27W 27888 01 in !1 1 I 10 !2 QUTO 4  :             56.28 52.99 3.29

466 1 SOS  28W  17ABB  01 DF3L !0 1 I 0
'2

QUTO 14 182.34 I            178.42 3.92

467 1 30S  29W 28888  01 JMH                     11 1 I 0 2 QUTO 4 215.33 i                212.3 3.03
468 1 30S  30W  06CCC  01 JNI               I    1 1 U lo

'2 I auto 4            244.98 240.61
I            4.37

469 1 30S  30W  28ABB  01 Bow 1 1 I 1 2 QUTO 4 232.45 1           227.87 4.58
470 2 30S  30W  28ABB  01 BBW 1 1 I 1 12 QUTO 14 232.45 227.87 4.581

471 1 30S  26W  04CBB  01 NP 1 1 I

'o
!2 QUTO 4 i              84.54 I              8o.77

3.77  i

472 2 i 30S  26W  04CBB  01 NP !1 1 I

'0
2 QUTO 4 i              84.54 i              80.77 3.77  i

473 1 30S  26W  13ABB  01 NC 1 1 S 0 !2 QUTO 4 I              68.66 i              68.63 0.03  I

474 1 30S  26W  32DDD  01 NP 1 1 I !0
'2

QurTO 4 I              2o.52 i                 18.65 1.87   I

475 2 30S  26W  32DDD  01 NP 1 1 I 0
'2

QUTO 4 20.53 18.65 1.88  ,

476 3 30S  26W  32DDD  01 NP il 1 I 0 1 i  QUTO 4 I                  20.4 18.65
i              1.75,

477 1 30S  27W  20ABA  01 mL 1 1 I 0 2 auto 4 I              94.66 91.08 3.58
478 2 30S  27W  20ABA  01 mL 1 1 I 10 2 QUTO 4 94.67 (                91.08 3.59
479 '1 30S  27W  23ABB  01 rm i 1 I 1 2 QUTO 4 llJ I              74.66

3.04
480 1 I 31S  26W 30888  01 NP 11

1 U 0 2 QUTO 4 i            1o5.23
I          ,03.88 1.35

481 12 31S  26W 30888  01 NP 1 1 U 10 2 QUTO 4 105.22 I            103.88 1.341

482 1 31S  27W  20AAA  02 NP 11 1 U 0 2 I  QUTO 4 59.55 i              48.47 11.08  I

483 2 31S  27W  20AAA  02 NP
11

1 u 0 1   I  QUTO 4 59.56 48.47-
484 1 31S  28W  02CCC  01 NP 1 1 I 0 2 QUTO 4

I             151.44
147.93 3.51    i

485 2 I  31S  28W  02CCC  01 NP 1 1 I 0 12 QUTO 4 I             151.44 i       147.ri-
486 1 31S  28W  10BCB  02 NP !1 1 I io

)2 QUTO 4 I            164.46 160.99 1            3.47

487 2 31S  28W  10BCB  02 NP 1 1 I !0 !2 QUTO !4
i            164.45

160.99 3.461

488 1 31S  28W  26ABB  01 NP 1 1 I 0 (2 QUTO !4 i                62.15 59.09 i             3.06i
489 2 31S  28W  26ABB  01 NP

i,
1 I 0 1 QUTO 4 62.16 59.09 3.07

490 1 31S  29W  02DBB  01 mL ]1 1 I 0 2 QUTO
'4

i            ZOO.84 196.55 4.29
491 1

I 31S  29W  25AAA  02
DFEL J 1 I 0 2 QUTO 4 (           208.21 203.68 4.53

492 12 31S  29W  25AAA  02 DF3L
11

1 I 0 2 QUTO 4 208.2 203.68 4.521

493 11 31S  29W  30AM  01 JNI 1 1 I 1 2 QUTO 4 196.54 193.75 2.79
494 1 131S  SOW  16BBC  01 BBW !1 1 I 0 2 QUTO i4 239.96 I          233.32 6.64
495 Thi  31S  30W  16BBC  01 Bow 11 1 I 102 QUITO 4 239.96 233.32 6.64  i
496 1 32S  28W  04ADD  01 NP !0 1 H 0 1 QUTO 4 83.84 80.65 3.19-i
497 2 32S  28W  04ADD  01 NP 0 1 H 0 a QUTO 4 I              83.89 80.65 3.24
498 1 32S  29W  27AAB  02 in 1 1 U

'o
2 QUTO I    4!              166.81 164.94 1.87  i

499 1 i 32S  30W  O9CCC  01 rm 1 1 I 0 2 QUTO ;   4!           229.86 227.01 2.85  i
500 1 33S  28W 29BCB  01 NP! 1 1 I 1 2 TO 4 18.43  , 17.32 1.11

501 2 33S  28W 29BCB  01 NPi 1 1 li 1 2 TO 41 18.39 17.32 1.07
502 1 i  33S  29W  36AAB  01 NP1 1 1 1' 0 2' QUTO 4! 92.08  , 92.49 -0.41

503 2 I 33S  29W  36AAB  01
NP 1 1 I 0 2 QUTO 4` 92.08 92.49 -0.41

504 t 34S  28W  05BDA  01 NP 1 1 u ol 2 QU 4, 26.731 27.74  I -1,01

505 134S30W22CBC01 NPi 1 1 I 11 21 TO 4! 212.21    I 211.08 1.131

506 2 34S  30W  22CBC  01 NP 1 1 I 1 2 TO 41 212.2  , 211.08 1.12   i

507 1 35S  30W  10CDA  01 F"1 1 0 I 1 2 QA 2, 26.73 25.76 0.97
508 11 18S  21W  25AAB  01 NC 1 1 11 0 2 QA 2, 26.4_6 25.06 1.41

509 1   I  18S  21W  31CM  01 NC,1 1 1 u 0!2 QA 2i 28.54  , 28.24 0.3
510 1 18S  24W  36ADB  01 NC1 1 0 1' 0' 2,QA 2 32.88  , 32.53 0.35
511 1i 18S  25W  33BBC  01 BEAN 1 1 U 01 21 QAi 2 19.55 17.4 2.15

512 2 18S  25W  33BBC  01 BBW 1 1 u 0,2 QA` 2 19.55  , 17.4 2.1S

513 1,18S  26W  06BAB  02 JMH 1 1 U 0 2' QA 2 6.05 5.84 0.21

514 1 19S  23W  01CCB  01 NC' 1 1 1i 2 KD1 1 90.54  , 87.78 2.76
515 11 19S  23W  O8CBB  01 NC 1 1 u 0 2 QA 2 19.78  i 18.8 0.98
516 1! 20S  22W  20CCC  01 NC 1 1 u ol 2 QA! 2 37.931 37.07 0.86
517 1 20S  22W  35BCC  01 NC 1 1 I 0,2 QA1 2 38.35  i 37.21 1.14

518 1 20S  26W  07BDC  01 JMH` 1 1 0 2,QA! 2 22.86  I 21.06 1.81

519_ 116S24W15ABB01 Bowl 1 1 I 01 21 TO 4 27.24 26.95 0.29

L520 1   i  16S  26W  24DDA  01 JMH! 1 0 H 0!2 Tot 4 58.77 57.78 0.99
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F]cus F]erun KGS 'D Measurer
lA

B C
``bl''E'

F a i  ,o3  D.p,h '02  Deptll o3-,o2  I

521 2 16S  26W  24DDA  01 JNI 1 0 H 0 ;2 TO 4 58.77 57.78 0.99

522 1 32S  31W  03DAA  01 BBW 1 1 I " 2 Quro 14:           234.78 230.68 4.1

523 1 32S  31W 08888  01 JW 11 1 Ill 2 QUTO 14 i           242.91 240.68 2.23

524 1   132S  31W  26CAA  01 rm 1 1 I io 2 QUTO !4 i          247.26 243.86 3.41

5251                  1 32S  32W  14888  02 Jou             i   , 1 I

'o
12

I cxJTcO
5

I            255.17
251.65 3.52  ,

5261                 1 32S  32W  19BAB  01 rm 1 1 I 10 i2 Quro 4 243.42 240.34 3.08

5271                , I  32S  33W  32DBD  01 JVA 11 1 I 0 i2 QUTO 4 185.85 182.65 3.2

528 1 32S  34W  10DAA  01 NC 0 1 I 02 QUTO 4 259.57 257.48 2.09

529 2 32S  34W  IODAA  01 NC 0 1 I 0 !0 QUTO 4 259.59 257.48 2.11

530 1 31S  33W 06CBD  01 JMA 1 1 U 0 i2 Quro 41          283.09 277.06 6.03

531 2 31S  33W  06CBD  01 JMA
i,

1 U 0 !2 Quro 41          283.07 277.06 6.01

532 1 31S  33W  20DBB  01 JMA                 i     , 1 I 0 12 QUTO I    41                  241.6 238.4 3.2,

533 1 33S  31W  O9AAB  01 Bow               i    1 1 I 1 2 TO 14 230.76 I          227.44 3.32  I

534 1 33S  31W  20ACA  01 Bow il 1 I 1 12 QUTO 4 214.29 211.73 2.56

535 1 I 33S  32W  02AAC  01 Jun
i,

1 I 0 2 QUTO 4 229.93 227.89 2.04

536 1   , 33S  32W  28CDD  02 JMA i 1 U 0 !2 Quro 4 62.83 i             62.45
I           o.38

537 1 33S  33W  12AAD  01 JMA 1 1 I 0 2 QUTO 4 23.79 i                21.98 1.81

538 1 33S  33W 20BCC  01 JMA 1 1 I 0
'2

TO 14 I           2,9.4, 217.8 1.61

539 1 33S  33W 25DCC  01 JMA 1 1 I
•0 2 TO 4 I             211.87 211.07 0.8

540 1 33S  34W  17DCC  01 NC 1 1 I 0 2 TO 4 I             161.06
i                157.4 3.66

541 2 33S  34W  17DCC  01 NC
i,

1 I 0 1 TO L4
I             161.07 157.4 3.67

542 (1 I  31S  31W  03CCC  01 Jwl '1
1 U lo `2

QUTO 4 L257,02 253.58 3.44
543
),

31S  32W  01ABC  01 FEN 1 1 I
!1 2 QUTO 4 269.33 268.14 I         1.itl

544 1
' 34S  31W  OICM  01 rm 1 0 U !0 2 TO 4 227.84 225.68 2.16

545 1 34S  31W  30888  01 Eon 1 1 ulo 2 TO !4 219.04 I           218.55 0.49
546 1 i  34S  32W  29BAA  01 Bow 1 1 2 TO 4 183.69 181.47 i           2.22

547 1 I  34S  32W  35ADA  01 JNI 1 1 i2 Quro !4 200.27             199.79 0.48
548 1   I  34S  33W  07CCB  01 JMA 1 1 I io 2 QUTO !4 160.58 i           157.08 3-tl
549 1   (  34S  34W  16DAA  01 NC

11
1 I 10 !2 QUTO 4 189.4 183.41 5.99

5501               2
I  34S  34W  16DAA  01

NC 1 1 I
lo 2 QUTO 4 189.4 183.41 5.99

551 1 34S  34W  26BCA 01 JMA 1 1 I 0 12 QUTO 4 163.69
I            154.73

8.96  ,1

552 2 34S  34W  26BCA 01 JMA
'1

1 I 0 2 QUTO 4 163.69 154.73 8.96  I

553 11 31S  32W 31888  01 rm 1 1 I 0 12 TO 4 I          246.75 i          242.78 3.97
554 1 35S  31W  10AAC  01 JOu 1 1 I 1 !2 .TO 4 i              2oo.7 i            199.23 1.47

555 2 I  35S  31W  10AAC  01 JMH
11

1 I
i,

1 TO 4 200.6 199.23 1.37

556 1   I  35S  32W  06CBB  01 Jun
;1

1 I

11 2 TO 4 181. 94 186.25 -4.31    i
'557

2 35S  32W  06CBB  01 un !1 1 I 1 2 TO 4 181.94 i            186.25
--4.31;

558 3 I  35S  32W  06CBB  01 Jun !1 1 I 1 2 TO 4 181.94 186.25 -4.31    :

559 1   I 35S  33W  16BCA  01 Bow
11

1 I 0 2 QUTO 4 I            146.57 I            146.88 -0.31    ;

560 2 35S  33W  16BCA-6i- BEW 1 1 I 0 1 iiuro 4 146.55 146.88 I          -0.33

561 I               1135S  34W  10BBB  01 NC 1 1 I 1 !2 QUTO 4 104.35 i                   101.4 2.95  ,
562 2 35S  34W  10888 01 NC 11 1 I 1 2 QUTO 14 104.36 I                   101.4 2.96  I

563 1 09S  42W  14AAA  01 JMA                  i     1 1 U 0 2 TO ;4 191.16 187.22 3.94  I

564 1 09S  42W  35ABB  01 JMA
'1

1 I
io 2

:-:        I:
I            172.33 168.62 3.71   i

565 1   i  10S  37W  23ABB  01 JMA 10 1 I 0 0 212.22 211.28 0.94  i

566 2 10S  37W  23ABB  01 JMA 10 1 I 0 a TO !4 212.23 211.28 i             0.95:
567 3 10S  37W  23ABB  01 JMA 10 1 I 0 0 TO 4 I           212.25 I             211.28 0.97  i

568 1   I  10S  40W  10ADC  01 JNI 1 1 I 0 2 QATO 3 I                21.32 19.93 1.391

569 1 10S  41W  15CAD  01 Jun !1 1 I 1 2 QATO 13 32.47 31.24-
570 1 10S  42W  20ABB  01 JMA 1 0 I 01 2 TO 4 133.62 131.02 2.6i

571 1 10S  42W  24BAB  01 JMA 1 1 I 0 2 TO i4
109.81 109.241 0.57  I

572 1) 06S  37W  07BBA 01 NP1 1 1 i Oj2,TO 4 8.95
TTTT                 8is3 _i.rd

573 1 06S  37W  16CDD  01 F"i 1 1 I Oi 2 TO 4 176.49 t74.3 2.19  :

574 1` 06S  37W  19ABB  01 F" 0 1 I 01 2 TO 4  i           162.82 160.93 1.89   i

575 1 06S  38W  O9ABD  01 rm 1 1 o' 2 TO 4 167.16 165.42 1.74  i

576 11 06S  38W  18DBD  01 DFu 1 1 0 2 TO 4 141.341 139.24 2.1!

577 1 06S  39W  O9DDD  01 JW 1 0 U 0! 2 TO 4 154,091 153.63 0.46  i

578 11 06S  40W  10AAC  01 JOu 1 1 11 2! TO 4 171.77 169.76 2.01   ,

579 1 06S  40W  13CBC  01 un1 1 1 I 1 2 TO 41                 158.9 157.54
-I.56l

580 1 06S  40W 30DCC  01 JM-I                 I    ' 1 1 2 TO 4 177. 52 175.69 1.83  I

581 1 06S  41W  19DBD  01 JVA, 1 1 0! 2 TO 4 1-5riT---1 97.52 1.621

582 1 06S  41W  27DBD  01 JMl1 01 1 I 1 2 TO 4 174.19 172.39 .81

583 1 06S  42W  02AAA  01 JMA 11 1 u 0 2 TO 4 206.98 205.81 1.17   ;

584 1 06S  42W  22DCC  01 JMA `1

1 I 0 2 TO !4 211.67|           210.04 1.63  :

585 1 06S  42W  30ADA  01 JMA 0 1 I 0 2 TO i4 218.851
I           215.89 2.96  I
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F]cMis F]erlln KGS IDI Measurer
'A 8 C !D

rE
Flo '03   Depth '02  Depth '03-'02

586 1 07S  37W  04BBC  01 F" 0 1 I 0 2 TO i4 i            149.48 147.55 1.93

587 1 07S  37W  05CCB  01 F" 0 1 I 0 2 TO 4 150. 01 148.35 I               1.66

588 1 07S  38W  28DAA  01 NC !1 1 I 1 2 TO 4 i            156.54 I            155.04 1.5

589 1 07S  39W 01 DCD  01 mL il 1 I 0 2 TO 4 139.49 137.75 1.74

590 1 07S  39W 09888  01 BEAV !1 1 I io 2 TO !4 124.17 122.29 1.88

59 1 07S  39W  24BAA  01 rm 1 1 I 10 2 TO 4 1            ,58.82 155.8 3.02

59 1 07S  40W  06ADB  01 JMH 1 1 I 1 2 lTO
!4

I           177.33 175.36 1.97

593 1 07S  40W  29BBA  01 Jwl 1 1 I 0 2 TO 4 I                   151.4 149.56 1,84

594 1 07S 40W 35888  01 JMH 1 1 I 1 2 TO !4 134.92 132.57 2.35

595 !1 07S  40W  36BAB  01 JMH
i,

1 U 0 2 TO 4 I            143.22 141.52 1.71

596 1 07S  41W  07BCB  01 JMA 1 1 I 0 2 TO 4 I            211.28 209.89 1.39

597 1 i  07S  41W  28DBB  01 Bow 1 1 I L 2 TO 4 141.05 i            139.28 1.77   I

59 1
I  07S  42W  07DAA  01 JMA 1 1 I 0 2 TO 4 201.72 I           2o0,19 1.53

59 1 07S  42W  17CCC  01 JMA 1 0 U

L:..
22 TO 4 I                153.4 152.15 1.25

600 1 07S  42W  27AAB  01 JMA 1 1 I TO 4 179.58 178.1 1.48

60 1 08S  37W  03ADB  01 F" 0 1 I !0 2 TO 4 167.28 166.18 1.1

602 1
I  08S  37W  21CCC  01

NP 0 1 I 0 2 TO 4 I            148.85 I            145.92 2.93

603 2 08S  37W  21CCC 01 NP 10 1 I 0 2 TO 4 148.85 145.92 2.93
604 1 08S  37W  32ABB  01 NP 1 1 I

10 2 TO 4 105.77 103.27 2.51

605 2 08S  37W  32ABB  01 NP 11 1 I io 2 TO 4 105.77 103.27 2.5

606 !1 08S  38W  17CDD  01 NC 1 1 I 0 2 TO 4 I                176.11
i            174.34 1.77

607 '1 08S  38W  24AAB  01 NP
i,

1 I 0 2 TO 4 I             128.16 126.76 1.41

608 2 08S  38W  24AAB  01 NP
'1

1 I 0 2 TO 14 128.17 126.76 1.41

609 1 08S  39W  15CCC  01 NC 0 1 I
!1 2 TO 4 175.5 172.96 2.54

610 1 08S  40W  12DBA  01 BEAV 1 1 U 0 2 TO
'4

173.77 172.26 1.51

61 1 08S  40W  17CDB  01 BBW 1 1 I io 2 TO 4 146.48 143.77 2.71    1

612 1 08S  40W  25AAC  01 BEW 1 1 u 0 2 TO 4  )           189.45 187.73 1.72

613 1 08S  41W  17CBA  01 un 1 1 I 0 2 TO 4 I            159.27 159.04 0.23  ,
614 2 08S  41W  17CBA  01 Jun 1 1 I 0 12 TO 4 158.26 159.04 -0.78

615 3 08S  41W  17CBA  01 Jun 1 1 I 0 12 TO 4 159.26 159.04 0.22
616 1 I  08S  41W  25BBC  01 Bow 1 1 I 1

'2
TO 4 I              133.31 131.86 1.45  ,

617 1
I  08S  42W  15DDB  01 JMA 1 1 I 0 •2 TO 4 i            139.99 137.57 2.421

618 1 08S  42W  31DCD  01 JMA 1 1 u 0 2 TO 4 I              97.33 95.69 1.64   i

619
)1

09S  37W  07DDB  01 NP 1 1 I 0 1 TO
'4

94.33 93.47 o.86  i

620 12 09S  37W  07DDB  01 NP il 1 I 0 2 TO 4 94.33 i             93.47 0.86
62 3 I  09S  37W  07DDB  01 NP 1 1 I 0 2 TO 4 94.35 93.47 0.88
622 4  i  09S  37W  07DDB  01 NP 1 1 I 0 1

lTO 4 I                   94.8 93.47 1.33

623 1 09S  38W  13BCC  01 NP 1 1 I 0 2 TO 4 I                81.57 80.09 I               1.48

624 2 09S  38W  13BCC  01 NP 1 1 I 0 2 TO 4 I                 81.58 80.09 1.49   I

625 1 09S  39W  OIDBA  01 NC !0 1 I 0 !2 TO !4 155.66 153.93 1.731

626 1 09S  39W  02BAB  01 NC 0 0 I 1
'2 TO 4 187.49 185.69 1.81

627 1 09S  39W  10CCB  01 NC 0 0 I 0
'2 TO 4 163.12 160.48 2.641

628 1 09S  39W  19CCC 01 Jun 1 1 I 1 !2 TO 4 150.29149.5 i            146.59 3.7
629 12 09S  39W  19CCC  01 Jun 1 1 I 1 0 TO 4 146.59 2,91   i

6301                , 09S  40W  13CDC  01 Jun 1 1 1 0 2 TO 14 I              174.01 169.9 4.111

631 1 09S 40W 29888 01 JMH
11

1 U 0 1 TO 4 172. 37 172.66 -0.29  i

632 1 09S  41W 05DCC  01 BEAN 1 1 I 0 1 TO 4 189.69  i 186.23 3.46
633 1! 09S  41W  14BBC  01 JNI 1 1 I 1 2 TO 4 202.48 196.61 5.87  I
634 1 09S  41W  34BAB  01 JMH 1 0 I 0 1 TO 41 166.9  ' 163.26 3.64  i
635 1! 31S  35W  15BAA  01 NC 1 1 U 0 2 QUTO 41 317.61 -9999 -9999 i

636 2! 31S  35W  15BAA  01 NC1 1 1 Ui 0 2 QUTO 4 317.61 -9999 -9999
637 1 31S  36W  02CDD  01 NC 1 1 I 0 2 QUTO 4  I           196.53 195.771 0.761

638 2 31S  36W  02CDD  01 NC 1 1 I 0 2 QIITO        i 4 196.53 195.77 o.76  i
639 1 32S  35W  O8DDD  01 NC1 1 1 I 0 2 QUTO        I 41 201.98 198.81 3.17

640 2 32S  35W  O8DDD  01 NC 1 1 I o 2 QIITO        I 4, 201.98 198.81 3.17

641 1 33S  35W  23CBB  01 F" 1 1 0 2 TO 41 208.01 195.31 12.7  ,

642 2,33S  35W 23CBB  01 F" 1 1 I 0 1 TO 4i 208.03 195.31 12.72  ,

643 3 33S  35W 23CBB  01 F"11 1 I 0 2 TO 41 207.94 195.31 12.63

644 1 33S  37W  17CCC  01 JMA1 0 0 0 2 QUTO       i 4, 146.79 142.85 3.94
645 1 33S  37W  28CAC  01 JMA 1 1 0 2 QIJTO        i 4, 152.3  , 151.42 0.88
646 1( 33S  37W  35ACD  01 JMA 1 1 I 0 2 QUTO 4i 183.09  , 192.76 -9.67

647 2! 33S  37W  35ACD  01 JMA 1 1 I 0 2 QUTO 4! 183.1 192.76 -9.66

648 1! 33S  38W  06AAB  01 JMA 1 1 I 01 2 QUTO 4 99.29 99.09  ` 0.2
6491                 1 33S  38W  10ACC  01 JMA, 1 t I 0 2,QUTO 41 186.5  i 180.29 6.21

65o1 33S  38W  33CAA  01 JMA, 1 1 I 0! 2 Quro 4  1           221,64 214.09 7.55

19
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F]cus F]erun KGS ID M®asurer
lA

B C D E F a I  ,o3   bop,hr02  Depth I   ,o3.'o2   I

651 2 33S  38W  33CAA  01 JMA 11 1 I
Io '2

QUTO
i4

221.65 214.09 7.56

652 1 32S  35W 32DCD  01 NC 1 1 I 0 .2 QUTO 4 207.05 196.07 10.98  i

653 2 32S  35W  32DCD  01 NC
;1

1 I 0 2 Quro 4            207.05 196.07 10.98  ,

654 1 32S  36W 03DDC  01 NC !1 1 Z 0 i2 QUTO i4 268.66 i         257.82 10.84

655 2 I  32S  36W  03DDC  01 NC 1 1 Z 0 !2 QUTO 4 268.66 i          257.82 10.84

656 1   i  32S  36W  21AAC  01 NC 1 1 I 0 !2 TO 14 210.07 206.81 3.26  i

657 2 I  32S  36W  21AAC  01 NC 1 1 I 0 2 TO 14 210.07 206.81 3.26  I

658 1
I  32S  37W  10DCC  01 NC(1 1 I

'0 2 QUTO 4 181.2 loo.01 1.191

659 2
' 32S  37W  10DCC  01

NC 1 1 I 0 1 QIJTO 4 181,19 180.01 1  .  1  8.

660 1 32S  37W  26BAC  01 NC 1 1 I 0 12 QUTO 4 141.08 138.78 2.3

661 2 i  32S  37W  26BAC  01 NC 1 1 I 0 2 Quro 4 i             141.08 138.78 2.31

1662 1 32S  38W  llCBB  01 NC 1 1 I 0 2 Quro 4 194.02 190.1 3.92

663 2 32S  38W  llCBB  01 NC 1 1 I 0 2 QUTO 4 i            194.02 190.1 3.92

664 1 32S  39W  14DDD  01 NC 1 0 I 0 2 QUTO 4 i            100.78 88.98 11.8

665 2 I  32S  39W  14DDD  01 NC 1 0 I 0 2 QurTO 4 i           ,00.78 88.98 11.8

666(                1 31S  37W  O9BBC  01 NC 1 1 I
[0 2 QUTO 4 i          272.53 267.65 4.88  I

6671               2 i  31S  37W  O9BBC  01 NC i 1 I 0 2 Quro 4 272.53 267.65 4.88  ,

668 1   i  31S  37W  13BDD  01 NC i 1 I 0 2 QUTO I   4!               272.5 267.74 4.76  i

669 2 I  31S  37W  13BDD  01 NC 1 1 I 10

'1
QUTO 4 272.48 267.74 4.74  I

670 1 34S  35W  26ACC  01 NC !1 1 I 0 2 TO 14 i              207.9 191,55 16.35

671 2 34S  35W  26ACC  01 NC !1 1 I 0 1 TO 4 207.89 191.55 16.34  i

672 3 34S  35W  26ACC  01 NC 1 1 I 0 2 TO 4 207.9 I             191.55
I           16.35!

673 1 (  34S  36W  IOCAC  01 JMA !1
1 I 0 2 TO 4 I          208.97 I           201.07 7.9

674 1 ;  34S  36W  21 DBD  01 JMA !0 1 I 0 12 TO !4 208.72 206.29 2.43
675 1 34S  37W  27ABC  02 JMA !1 1 I 0 2 QUTO 4 I            158.35 155.26 To_9
676 1 34S  37W  29BBD  01 JMA il 1 I 0 12 TO 4 I                  191.7 185.62 6.08
677 1 34S  37W  35AAD  01 JMA

!1
1 I 0

'2
TO 4 161 153.73 7.27

678 1 | 34S  38W  02ADC  01 JMA 1 1 I 1 1 TO               (   4  I           198.23 I            189.96 8.27

679 1
I 34S  39W  02CCA 01

JMA 1 1 u 0
`2

QUTO 4 I           ,07.43 I           ,07.29 0.14

680 1 34S  39W  15CAD  01 JMA 1 1 u !o 2 QUTO 4 I             151.35 149.67 1.68

681 1 31S  37W 22BCC  01 NC1 1 1 I

'o 2 QUTO 4 I           279.86 1          279.94 -0.08

682 1 31S  37W  30DDB  01 NC 1 1 I 0 2 TO 4 290.47 281.66 8.81

683 2 31S  37W  30DDB  01 NC 1 1 I 0 2 TO 4 290.48 281.66 8.82
684 1   I  31S  38W  17ADB  01 NC 1 1 I 0 2 QUTO 14 266.75 '             263.4 3.35  ,
685 1 31S  39W  03DCB  01 NC 1 1 I 0 2 QIJTO 4 i          208,52 205.8 2.72
686 1 31S  39W  25ABB  01 NC! 1 1 u 0 2 TO 4 195.47 194.89 0.58  ,
687 2 31S  39W  25ABB  01 NC 1 1 U 0 2 TO 4,I            195.65

194.89 o.76  i

688 1 35S  35W  15BCC  01 JMA 1 1 I 0 2 TO 4( 151.5 146.23 5.27
689 2    35S  35W  15BCC  01 JMA, 1 1 I 0 2 TO 4' 151.5 146.23 5.27
690 1   |35S  36W  01AAA01 JMA 1 1 I

'o
2 QUTO 4 173.6 167.93 5.67  I

691
11

35S  37W  16BCC 01 JMA' 1 1 I 0 2 TO 4, 174. 98 169.78 5.2)

692 1 35S  39W  IOCAD  01 JMA 1 1 I 0 2 QurTO 4! 222.3 227.59 -5.29

693 2 35S  39W  10CAD  01 JMA 1 1 I 0I0i 2 QUTO 4               222.3 227.59 -5.291

694 1 llS  42W  O8DDC  01 JMA 1 1 I 2 TO 4, 115.14 114.63 0.51

695 1 llS  42W  10AAD  01 JMA' 1 1 I 0, 2 TO 4 132.55 131.77 0.78  ,

Appendix A key to variables (columns):

A         Well Access
8         Weighted Tape
C          Well use
D        Oil on water
E         Chalk cut Quality
F         Aquifer code
G         Aquifer Group

See page 6 for values within each variable
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Introduction

In 2003, field crews from the Division of Water Resources (DWR) were equipped
with devices for digitally capturing observation well measurements in the  field.
Although  lacking  the  on-screen  navigation  capabilities  of  lap-top  computers

bu£#gAt:s:s¥£::r#BCAns;°:#araett::#yG5SGsdgvefrcse°srmpeo];stehs:?h¥Rs':mp:rsd°ai::
collection  functionality.  The  PDA  software,   called   W¢ferBwg,   is   a   subset   of
Waterwitch and produces records that are similar in format.

For  the  first  time,  information  has  been  collected  by  DWR  personnel  that  is

::Fdptaorasi|eti:a:|i:;ra°s::snse:Keg:£t#rfiecdanbcye¥fGesxiiea]£e:£:r,PntfiLse£:eds#tchhec#atbe:
level measurements. This supplement to OFR2003-8 provides a statistical quality
control  analysis similar to  that performed  annually on  KGS  measurements  of
observation  wells.  The initial data base  of  Dl^7R  measurements  contained  805
rows  representing  787 observation  wells. Of these,  26  observation  wells could
not be used because there was no measurement of depth to water for 2002, and
hence no  annual change in water  level, variable  '03-'02.  The usable  data  base
therefore  contains 761 wells. Nine of these  wells failed a preliminary threshold
screening  that  checks  for  extreme  values   of   '03-'02.   Of  these,   three   wells
reported  previous year's  depths to  water  that  were  significantly  deeper  than
expected from  past trends,  resulting in values of  '03-'02 that are  extreme  and
negative. Depths to water in the  other  six wells are  much deeper  in 2003 than
expected from  past trends  so  that  '03-'02  is  extreme  and  positive.  However,

:i::;wtre?a:a¥*yor#d;Chivt;use:tee:::#::0:n:Ssr.egv::::r::K:gespqa:S;:trya:ii§Lt;Wrc%cn:±::::,eptbh:s:
the  remeasurements  used  for  statistical  analyses.  The  original  measurements,
listed below, are included in analyses that follow.

Well Location

22S 17W 05BBC 02
18S 38W 23BAB 01
28S O8W 26ABC 01

'03-'02

-23.12
-10.93
-10.23



Well Location

29S 43W 33CDB 01
29s 37i^r 29BBA 01
27S 39W 27BBA 01
09S 28W 15CBA 01
27S 42W 17CCC 01
01S 29W 03DDB 01

'03-'02

23.13
20.35
19.71
17.67
16.95
12.82

Statistical Procedures

The measurements  of  761  wells  made  by  DWR  are  included  in  the  statistical
analysis,  which  is  an  unbalanced  analysis  of  variance  (ANOVA)  procedure
designed to estimate the influence of different well characteristics and procedural
differences on variable '03-'02. The same variables have been recorded for  each
DWR  well  as  for  KGS  wells.  However,  the  variable  Well   Use  contains  the
additional categories  N  = industrial, and P = public,  and  the  variable  Aquifer
Code  does  not  indude  the  category  KN  =  Cretaceous  Niobrara  aquifer.  Of
course, all of the categories of Measurer are different.

The statistical model  fitted to  the DWR  measurements  includes  all  exogenous
variables  recorded  during  the  quality  control  study  that  might  add  to   the
variability  in  the  response,  '03-'02,  plus  the  variables  Well  Use  and  Aquifer
Code.  In contrast  to  the KGS measurement  program,  the  exogenous  variable
Weighted Tape contributed significantly to the total variance. As expected there
also was a significant operator  effect measured by  the variable  Measurer.  The
only other significant contribution to total variance came from Aquifer Code.

Analysis of Variance table for DWR model

S#::                          3EF             Su]ngg°5i5S3q3u6ares   M3:r38]qouare     F5.E8¥g     <o:58giF
Measurer
Well Access
Weighted Tape
Well Use
Oil on Water
Chalk Cut Quality
Aquifer Code

Error

609.5943
5.9545

26.4051
46.8101

3.2523
24.0394

225.1937
4201.0792

50.7995
5.9545

26.4051
7.8017
3.2523

12.0197
18.7661
5.7946

Total
ns Not significant
Rsquare         0.21

8.7667        <0.0001**
1.0276          0.31||ns
4.5569           0.0331*
1.3464          0.234|ns
0.5613          0.454ors
2.0743           0.1264ns
3.2386           0.0001**

760                         5296.6128
*  Significant      **  Highly  significant
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the total variance, arguing that the readings from  such wells are  atypical  and
likely erroneous.  In addition to the nine wells flagged in the initial examination,
there are 14 more wells which were rated "poor" on Well  Access and "no weight
used" on Weighted Tape.  Based on prior  experience by  KGS measurers,  these
wells should be considered for replacement by DWR.

Well Location
26S 16W 18CAC 01
30S 35W 19BCD 01
28S O9W 01BCC 01
17S 28W 15BBC 01
17S 28W 26ABB 01
17S 28W 34CBB 01
17S 30W 20888 01
35S 41W 16CCD 01
28S 13W 02DDC 01
25S 10W 19ABD 01
17S 32W 16888 01
20S 33W 36CAD 01
24S llW 17DDB 01
30S 40W 33CCB 01

Importance of contributing variables
We can determine the relative contributions of each category of the contributing
variables  by  examining  the  least-squares  means   (averages)   of  '03-'02  for   a
specified state  of a variable, while holding all other  variables at  their  average
value. (In statistical terms, these averages are referred to as the cxpecfed z7¢Jwes of
the variables.) A positive value indicates the average depth to water in a well is
greater  in  2003  than  in  2002  (the  water  level  has  declined  from  last  year's
measurement). That is, the elevation of the water level in the well is lower than it
was previously. The following list gives the least-squares means for the complete
data set.

Operator

Level
CLS
DB
DH

Original
Least Sq Mean

-0.0271
-0.9453
0.6120



-1.4325
0.0777
5.0135
0.1949
0.6065

-0.0227
0.6822

-0.5294
-1.1658
0.1158

Well Access
Original

Level            Least sq Mean
0                                 0.4739
1                                    0.0168

Weighted Tape
Original

Least Sq Mean
-0.1486
0.6339

Well Use

Level
H
I
N
P
S
U
Z

Original
Least Sq Mean

1.8506
0.7929

-0.1158

0.2027
-0.0395
0.2889

-1.1726

Oil on Water
Original

Least Sq Mean
0.1346
0.3561



Chalk Cut

Level
0
1
2

Original
Least Sq Mean

0.2454
1.5661
0.8253

Geologic Unit
Original

Level            Least sq Mean
KD                           2.9412
KJ                            -3.5505
QA                          0.6372
QAQU                  -1.6738
QATO                   -0.1933
QUKD                   5.7966
QUQA                   0.7897
QUTO                  -0.8935
QUTOKD            -0.3862
QUTOKJ              -0.1226
TO                            0.4594
TOKD                   -1.6424

Summary of the Analysis of Variance
DWR Year 2003 measurements show significant or  highly significant variations
attributable to Measurer and Weighted Tape in addition to differences between

:ieDa#£f;re|?sei:8.:%Pff.:t£]ychtT:|¥ses]]jhTa:etfte=faanrgaffv£:5:anti:i::r;aaEi:b`|0e3;;03:
'02 of KGS wells (3.86 ft.). The median decline in water level from 2002 to 2003 in
DWR wells is 1.21 ft., in constrast to the median decline in water level from 2002
to 2003 in KGS wells which is 2.50 ft.

The   significant   differences   between   measurers   are   mostly   attributable   to
operator DWA (who  tended to  produce deeper  than expected measurements)
and DWZ (who tended to produce shallower than expected measurements).  In
addition, operators  DB, PHD, and SB all tended to produce values  that  were
shallower than expected, although not so extreme as DWZ.

The ANOVA equation  can  be  used  to  create  an  expected  value  and  residual
(difference between observed and expected value) for each well. The distribution
of  residuals  should  be   approximately  normal.   Examination  of  the  residual

:#:eise#mbrfenvaet::n%noyft#]d£E:raes#tr:FuernctessrjTrfacao:.°ihbeerees#|aafin:£otb¥
more   peaked   than   normal   and   skewed   toward   negative   values.   As   a
consequence,  outliers or  extreme  values are  those  measurements  which  differ
from their expected values by  an amount  that is greater  for  positive residuals



than for negative residuals. The approximate upper and lower limits are  +10 ft.

:#£n-:efst.#£nwe:::rn#S£:Vfebeenen2adoe2ntifad2boyo5hi:Sh:tr°acreess;ups:i:T=:]Srsahn°gwe
expected. These well measurements may be correct and reflect unusual changes

FthaeqrT£:err::::'g:}einw*OeT|gc:ne:]£uT:gnh:reopheeernfFc::::r:dayinhoanveeya::erreo::a:
measurability of a well. The 19 wells, with their residuals, are:

Well ID
01S 29W 03DDB 01
13S 27W 16CA 02
29S 37W 29BBA 01
30S 32W 22888 01
16S 40W 15ACC 01
28S O8W 26ABC 01
35S 41W 16CCD 01
22S 17W 05BBC 02
09S 28W 15CBA 01
27S 39W 27BBA 01
27S 42W 17CCC 01
28S 41W 02CCC 01
29S 42W 27DAD 01
29S 43W 33CDB 01
30S 42W 12ACC 01

30S 43W 3688 01
06S 35W 26ACB 01
10S 31W 29AAB 01
18S 38W 23BAB 01

Residual, ft.
11.28
-5.49
14.64
13.04
-6.99

-12.26
-9.04
-22.09
15.75
13.60
10.47
-7.66
-4.47
14.38
-6.21
-4.53
-6.15
-6.07
-11.25

A positive residual indicates that the 2003 water level is lower than predicted in a
well with a declining water level, or is not as high as predicted in a well with an
increasing water level. A negative residual indicates that the 2003 water level has
declined less than predicted in a well with a declining water level, or has risen
more than predicted in a well with a rising water table. These wells, along with

;eeol::aptirsetiy;:|ucsix:fcet::ii:ifgsb(yd:Lhti?fec#:r8a|::fnDdEvys?12i6i)os#ug|danb:malous
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