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1 INTRODUCTION

Tl General
In early January 2004 Jeremy Benn Associates (JBA) were approached by the Environment Agency
(EA) and Yorkshire Water Services Limited (YW) with a request for consultancy services to assist
with the analysis of LiDAR the digital elevation model (DEM) data captured for Gouthwaite reservoir
in November 2003.
JBA's proposal was submitted on 12 January 2004 under cover of our letter
ADG\2003s0384-S-L001-1.doc. This was accepted and approved on 2 February 2004 under YW’s
order number 4500040302.

1.2 Reservoir Location

The location of the reservoir is shown in the figure below.
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2 DATA SOURCES

2.1 General
The two primary data sources for this project were YW and the EA. However, other reports
prepared by the University of Huddersfield were also made available.

2.2 Yorkshire Water
Historic survey drawings were made available. A total of some 23 drawings providing data for the
1991 and 1997 surveys were provided. A further 18 drawings presenting details of the reservoir
bed level changes that had occurred between 1901 and 1971 were also provided.
Some 15 contour maps were also made available under the project.
A summary of the work undertaken by the University of Huddersfield was provided. This contained
details of the bathymetric analysis that was undertaken as well as a summary of their estimate of
the capacity of the reservoir. Concerns were raised about the accuracy of the various surveys and
as such the accuracy of any results associated with them. A copy of the University of Huddersfield
report is included in Appendix A.

2.3 Environment Agency
The EA provided details of their depth-volume survey that was prepared in July 1992. This was
submitted as a spreadsheet with details in both metric and imperial units. This is included in
Appendix B.
The details provided cover a depth range from 5.5 to 13.9 m (18 feet 0 inches to 45 feet 11 inches).
In addition to the above the EA captured LIDAR data of the reservoir in October 2003 when the
water level fell to the lowest recorded level. These data were submitted as text files and converted
into a three dimensional grid and formed the basis of the analysis to be undertaken in the project.
The approach adopted is discussed in more detail in Section 3.
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3 ANALYSIS

3.1 Introduction
The approach to the analysis of the LIDAR was addressed under five stages. These were:
° Data Conversion
e Data Extraction
° Data Export
° Data Infill
° Storage calculations.

3.2 Data Conversion
LIDAR data for the reservoir were provided by the EA in a standard text file format. These data
required conversion into a geographical information system (GIS) format in order that the required
analysis could be undertaken.
These data were imported into Mapinfo’s Vertical Mapper for analysis.

3.3 Data Extraction
Once the data were imported it was necessary to reduce the dataset to the extents of the reservoir.
An approximate reservoir boundary was digitised beyond the extent of the reservoir boundary in
order to ensure that the volume calculations could be determined to a sufficient height beyond the
spill level of the reservoir. The extent of the data is shown in the figure overleaf.

3.4 Data Export
Having determined the extent of the DEM required these data were exported to an American
Standard Code for Information Interchange (ASCII) file that was compatible with a bespoke
application that we had previously developed for this type of stage-volume calculation.

3.5 Data Infill
LiDAR does not return a signal from water surfaces. Therefore a series of null values are recoded
where water exists when the data were captured. In the case of the reservoir data this may
represent small areas of local ponding as well as the final volume retained within the reservoir.
Any null values were assigned the elevation from adjacent points.

3.6 Storage Calculations
The application was configured to undertake analysis from a level of 129.19 metres above ordnance
datum mAOD) to 139.00 mAOD with a sampling interval of 0.01 m. The level of 129.19 mAOD
represents the bank full level on the day the LiDAR data were captured. The top water level (TWL)
is 135.76 mAOD with the level of 139.00 mAOD being selected to ensure that the storage
calculations capture data too marginally beyond the TWL.
As explained above the LIDAR data extends from the water surface and as such these calculations
include no provision for the storage within the reservoir on the day the LIDAR data were captured.
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3.7 Base Volume Determination

A number of approaches were adopted in an attempt to determine the base volume of the reservoir,
or the volume of water retained within the reservoir below the minimum level recorded by the LiDAR

data.

The EA have quoted that 13% of the maximum reservoir capacity was retained on the day that the
LiDAR data were captured. This equates to some 756 thousand cubic metres (tcm).

However, YW refer to a level of 6.32 m down being recorded on 24 October 2003 and a volume of
832 tcm.

The ‘base’ volume on the day which the LIDAR data were captured that provides the least level of
confidence.

3.8 Base Volume Validation

The cross section locations were digitised from these plans into
AutoCAD via a digitising tablet. The plans were calibrated on the local
grid detailed on them with the grid lines extended and calibration points
identified at four intersection points. The resulting data were relocated
to British National grid by identifying common points on the cross
section plans and the Ordnance Survey 1:10k series of maps. The
imported cross sections were subsequently rotated in order that the
dam wall in the digitised data matched the orientation of the dam wall as
shown on the 1:10k maps. Whilst reasonable alignment was achieved at
the downstream sections, Nos 1, 2 and 3 it proved to be less good at
the remaining sections. Poor correlation was also achieved with respect
to the length of the majority of sections. As shown in the adjacent
figure.

Each cross section was translated along its digitised alignment in order
that the right hand (looking downstream) end point coincided with the
edge of the road as it is assumed that the survey is unlikely to have
extended beyond this feature. The intention being to determine if the
length of each section matched reasonably well with the width of the
reservoir at the location determined. As can be observed from the
adjacent figure a number of the cross sections extend beyond the far
bank of the reservoir and even beyond the dismantled railway
embankment on the left bank of the reservoir. We consider that it is
unlikely that the survey would have extended either beyond the road or
beyond the railway embankment. It would therefore appear that the
length of these sections is incorrect. It may be that the location shown
on the drawings is intended to be indicative only. One further
observation on the data is that the cross sections do not extend the full
length of the reservoir, although they do appear reasonable positioned along the length of the
reservoir.

Of the 38 cross sections available 18 were provided by the EA. Further,
it was decided that only five of these sections should be digitised in the
first instance in order to undertake a comparison of the levels record by
the hydrographic surveys (1901 and 1971) and the LIiDAR data
(Oct 2003). It was originally decided to assess cross sections at
approximately equal intervals along the length of the reservoir.
However, once the data had been imported it appeared more logical to
review the up and down stream sections available, No 2 and 32 and
three other sections. The three remaining sections were selected based
not only on their location along the reservoir but also because they
provided an apparently better length comparison. The sections selected
were numbers, 2, 12, 20, 24 and 32. These are presented in the
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adjacent figure and represented by solid lines.

Section No 2 also indicates a datum of 400 feet. Although this is hand written, an attempt to utilise
this in the comparison of the cross section datasets was made.

Graphs have been prepared for each of the above cross sections. Three sections are presented on

each graph:
° 1901
o 1971
° LiDAR (2003).

Cross Section NO 2 Gouthwaite Reservoir - Cross Section No 2
In cross section no 2 the left and right banks - ;
compare relatively well in both horizontal and 5 | oo :
vertical position. The reservoir bed in both the £ N 7/
hydrographic surveys generally correlates well \l N Tl

although there appears to be a rise in the bed W \lv/\\'l\/
"=

Elevation (mAOD)

level between the 1901 and 1971 surveys. = 1§
However, relatively few points have been nee o 55 5% P % ad
recorded in the latter and this may adversely oftast

——1901 —1971 LiDAR

influence the profile. The bed level determined
by the LiDAR survey shows a further increase in elevation. This is located at the peak bed level
identified by the two earlier surveys. It is possible that further siltation has occurred between the
two apparent channels where this section was recorded.

Gouthwaite Reservair - Cross Section No 12

Cross Section No 12

The three surveys recorded at cross section - )
no 12 on the left hand bank correlate reasonably
well from the point of view of their shape although
they are offset marginally. However, the bed level
is noticeably higher in the LIDAR dataset. These
sections could be raised in an attempt to produce
a more accurate comparison through these 0 16 e 200 w0 500 600
sections however this will result in a significant s

difference between the banks that are more

remote from the main channel. It is considered that these are the least likely areas to be affected
by siltation. Conversely, reducing the hydrographic survey data so that a better fit with the LiDAR
data is achieved in these sections will result in a far more significant depth of siltation being
demonstrated. This would be in the region of 5m.

Elevation (mAOD)
=)
8

Cross Section No 20 Gouthwaite Reservir - Gross Section No 20
The profiles provide a reasonable match at both " i
banks and across the bed. The LiDAR dataset " /

indicates a slightly wider section than the two
hydrographic surveys. This is slightly surprising
considering that the length of the sections shown

Elevation (mAOD)
z B
8 &
N

on the hydrographic survey extend beyond the 120

banks of the reservoir. The bed levels for the two s == i i oo = n
more recent surveys (1971 and LiDAR) are oftset

noticeably higher than those determined in 1901

but they correlate well. There appears to have
been in the region of 2m siltation over the life of the reservoir. Also noticeable is the lack of channel

through this section.
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Gouthwaite Reservoir - Cross Section No 24

Cross Section No 24

The two hyrdographic surveys demonstrate o

common bank details and a bed level g \ 7
difference of some 2 to 3 m. Poor correlation 'é.m k e ~71/A
occurs between the hydrographic and LiDAR :;m =

surveys with the bed level reported by the
LiDAR data lying between the 1901 and 1971 |
surveys. A possible shift in the 1971 dataset o 100 70 0 w s o0

is unlikely to provide any more confidence in Offeet
the data recorded.

Cross Section No 32

Gouthwaite Reservoir - Cross Section No 32

Little correlation between any of the three 1s

datasets is apparent at this section. Bed - }

levels appear reasonably consistent in the g, e

centre of the section however, on either side £ e i

significant differences in both level and offset gm

are noticeable. .

The variation between the five cross sections e o i n i - e
selected suggested that there is little benefit in oftset

digitising the remaining sections. It had been

hoped that a comparison of the three series of
data would enable a more detailed understanding of the sections and the potential storage volume,

specifically the ‘base volume’, of the reservoir to be obtained.

However, the relatively low confidence in the digitised cross section locations, as demonstrated by
the length and original location of these sections suggest that any possibility of undertaking a
realistic comparison is low. There is no reason to suggest that the more recent dataset, LiDAR, is
anything other than accurate partially because of the data collection technique employed but also
because the data are calibrated against ground stations to ensure that they are of acceptable
quality. Whilst we have not been provided with these calibration data there is no reason to suspect
that the data do not conform to the specification applied by the EA.

It was therefore decided that further comparison of the hydrographic cross section data was
unlikely to provide any further useful information or to increase confidence in these data.
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4 RESULTS

4.1 General

The results are presented in tabular format in Table 4-1 below and graphically in the figures that

follow.
Table 4-1 Stage - Volume Data

Elevation (mAOD) Volume based on Volume based on Percentage

(Depth Down (m)) 806 tcm at 5.5m 13% Base Volume Difference (%)
5.57 (6.32) 832 756 90.9
6.00 (5.89) 1,001 929 93.8
7.00 (4.89) 1,477 1,370 92.8
8.00 (3.89) 2,094 1,946 92.9
9.00 (2.89) 2,832 2,649 93.5
10.00 (1.89) 3,695 3,476 941
11.00 (0.98) 4,722 4,436 93.9
11.89 (0.00) 5,821 5,499 94.4
Average 93.3

The figure includes three sets of two graphs. The one to the left presents the data in metric units
while the one on the right presents the same data in imperial units.

4.2 Chart A

The two curves presented in this chart represent the EA and YW stage - storage curves based on a
‘base volume’ of 806 tcm. The YW current depth capacity curve consistently demonstrates a
slightly higher volume than the EA curve.

4.3 Chart B

In a similar manner to the data presented in Chart A, the volume predicted using the YW analysis
exceeds that quoted by the EA. The actual volumes differ from those in Chart A because the ‘base
volume’ is assumed to be 13% of the maximum available storage, namely 757 tcm.

4.4 Chart C

The four stage — storage curves produced in Chart C are:

° 806 tcm base volume

° 13% base volume

° EA volume

° YW current depth capacity.
JBA Consulting
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The latter curve is the only one that deviates significantly from the other three. However, the
difference is again associated with the derivation of the ‘base volume’ of the reservoir on the day
the LIDAR data were captured.

4.5 Reservoir Schematic

A schematic of the various levels and volumes provided and/or determined under the project is also
presented.
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CONCLUSIONS

The data with which the least confidence exists is the ‘base volume’ the volume of water retained
within the reservoir on the day the LIDAR data was captured. Attempts were made to enhance the
level of confidence in respect of this volume using comparisons of historic survey data. However,
these comparisons were inconclusive and as such did not provide the increased level of confidence

anticipated.

The ‘base volume’ therefore remains the element of the analysis that determines the differences
between the figures determined by the two approaches.

The storage volume above the minimum water level will have been more accurately determined
than was previously possible as these calculations were based on LIDAR data, the most accurate
data available for the study area.

The maximum storage capacity for Gouthwaite Reservoir based on a volume of 805 tcm at a level
of 5.5 m up (the approached preferred by YW) is 5,821 tcm. However, assuming that the retained
storage when the LIDAR data was captured is represented by 13% (as reported by EA) of the
maximum storage capacity a total volume of 5,865 tcm is available. There is a difference of 44 tcm
or approximately 1%.

The Gouthwaite Reservoir Depth/Volume Survey dated July 1992 reports a volume of 5,815 tcm at
a level of 11.89 m up (135.76 mAOD), the top water level of the reservoir. This indicates a
difference of 6 tcm when compared to the latest YW approach that determined 5,821 tcm. When
compared to the EA approach this results in a difference of some 35 tcm. These vary by +0.1%
and 0.8% respectively.

Other capacities provided by the investigations carried out by Huddersfield University are
presented below.

Year Volume Percentage Difference from

5,821 tcm
(tcm)

1901 6,748 15.9

1971 5,834 0.2

1991 5,811 -0.2

YW - 2003 5,821 0

EA (13%) - 2003 5,865 0.8

Using the base volume recorded by YW on the day of the LiDAR survey, the maximum storage
capacity for Gouthwaite Reservoir is 5821tcm, and included in Appendix C is the revised
Depth/Volume Survey resulting from the analysis.
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Gouthwaite Reservoir Stage Storage Relationship Graphs
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GOUTHWAITE RESERVOIR - BATHYMETRIC ANALYSIS
SUMMARY OF WORK DONE

The work which has been done is all,based on the bathymetric maps produced by
Huddersfield University (HU) and so all results and conclusions are of the
assumption that these have been accurately reproduced.

Bathymetric maps - These have been produced with a Computer Aided Drawing (CAD)
package using all available survey information. They show the reservoir bed
profile using contours at one metre intervals below the Top VWater Level (TWL).
1901 - The detail of the 1901 map suggests that it was taken from a ground
survey completed before the reservoir filled up, and therefore should be
relatively accurate. _

1971 - It is suspected that this was done by boat and plumb-line, though some
may have been done on the ground during drawdown of the reservoir.

There are two main reasons to suggest this map maybe suspect :

a) The bed features do not look typical of a reservoir bed and it maybe that a
Cartographer has interpreted the survey their own way.

b) The line of the old channel can hardly be made out which considering it is
quite clear on the 1991 survey, indicates that it may have been missed on the
1971 survey. Plumb-line takes depths at points across a section and could easily
miss a relatively small feature. .

Also no levees shown at inlet end. Perhaps missed on survey.

1991 - Completed using a total survey station for position and an echo sounder
to obtain a continuous section. Should be fairly accurate though may miss
features between sections. Also made a long section of the reservoir to tie in
the cross-sections.

Capacity of reservoir (see attached data sheet)

Calculated by the CAD package from the bathymetric maps.

1901 - Five different values for the original total capacity of the reservoir
exist ranging from 1610 mg (1913 map) to 1485 mg (6748 tcm)(HU bathymetric
analysis). Obviously the value chosen will have a large effect on the capacity
loss of the reservoir since 1901, and if the HU value is to be believed then the
reservoir never held the original legal requirement (1510 mg) anyway. Given that
we don’t know where the original figures came from (and may have been
estimated), the HU figure is probably the most reliable.

1971 - The 1971 capacity has been calculated at 5834 tcm (1283 mg). This
compares well with the figure calculated in 1971 from the same survey - 5825
tcm.

Rate of loss of capacity 1901-1971 = 13.06 tcm (2.87 mg) per annum.

1991 - Total capacity calculated at 5811 tcm (1278 mg). _

Rate of loss of capacity 1971-1991 = 1.17 tcm (0.26 mg) per annum.

Rate of loss of capacity 1901-1991 = 10.41 tcm (2.29 mg) per annum. :

This shows a big reduction in the overall rate of deposition over the last 20
years.

Graph of ‘capacity change at 0.5m increments’

This graph compares each bathymetric map with the other two in turn, to show hou
the capacity of each 0.5m increment, or layer, within the reservoir has changed
over the period concerned. This tells us the depths in the reservoir where
deposition or erosion is occurring and also at what rate.

1901-1991: This line appears to do as expected i.e. high deposition at shallower
depths due to an inlet delta being pushed further out into the reservoir. As
time progresses it would be expected that the maximum deposition increment woulc
progress to deeper depths as the delta moves down the reservoir. '
At deeper depths (>10m) there is very little change in capacity as would be
expected because the sediment from the inlet end is deposited before it gets
that far. Slight deposition caused by deep channel deposits and reservoir
tributaries.




As the 1901 and 1991 bathymetric maps are considered the most accurate, the
1901-1991 line should also be accurate. '
1901-1971: This shows deposition at.all depths as expected. However, the maximum
deposition occurs at intermediate depths (6-8m) rather than shallow depths as
might be expected. The amount of deposition at depths >8m also appears to be
greater than we would expect at this location, so far from the inflow.
1971-1991: This shows high deposition at the shallow upstream end as might be
expected However, at deeper depths (>6m) there is shown high erosion. Some
erosion might occur in the vicinity of the dam during times of high discharge,
but we would not expect such a high rate of erosion at intermediate depths,
being so far from the dam.

Suspect 1971 survey
All of the above information points-to the 1971 bathymetric map as being
significantly erroneous and there are a number of features which cannot
reasonably be explained:
1) There are several unrealistic features and inconsistencies on the 1971
bathymetric map itself.
2) The bathymetric analysis shows the overall rate of capacity loss has
decreased significantly from 13.07 tcm per annum pre-1971, to 1.17 tcm per annum
post-1971. This appears odd and goes against certain bel1eves that the amount of
sediment in the reservoir has actually increased in the last 20 years due to
change in land use and ’‘dykeing’ on the surrounding moors.
3) The unrealistic features on the ’capacity change at 0.5m 1ncrements’ graph
vhen comparing the 1971 results. These are as follows:
1901-1971 : - major deposition at intermediate and deep depths

- relatively very little deposition at shallow depths
1971-1991 : - major erosion at intermediate and deep depths.

It appears that the bed levels >5.5m below TWL (i.e. between the dam and half
vay up the reservoir) on the 1971 survey vere mostly drawn as being higher than
they really were. If the 1971 intermediate and deeper surfaces were lower (i.e.
the capacities of these increments were greater), there would be less erosion
shown from 1971-91 at these depths and also the amount of deposition at these
depths from 1901-71 would be less.

Perhaps the survey was done in two halves. If a different Bench Mark was used
for each then maybe the one used for the downstream sections 1 18 was incorrect
(high).

Vhen comparing the 1901 and 1991 bathymetric maps, the results appear quite
acceptable. However, as soon as the 1971 map is compared the results appear very
dubious, espec1ally at deeper depths.

Because of these uncertainties with the 1971 survey it is difficult to come to
any conclusions when comparing the 1901-1971 and 1971-1991 surveys.

Therefore, the 1971 survey has not been considered from here on, and all
remaining comments refer to the 1901 and 1991 bathymetric analysis only.

Isopachyte maps - These have also been'produced on the CAD system by taking one
bathymetric map away from another to leave the difference, which corresponds to
- the dep051t10n or erosion over the timescale involved.

1901-1991, main features:

- Deep deposits in the old river channel as expected. Deposition almost
everyvhere upstream of section 8 (700m from dam), apart from a few areas of
local erosion; mainly erosion down valley of this apart from deep channel
deposits and a large area of deposition off the west bank around sections 6 & 7
(600m from dam). The latter appears as a delta deposit from an inflow but there
is no inflow here.

- There is an inflow on the west bank between sections 10 and 11

(950m from dam) but little deposition is shown here.

- The large deposition visible on the isopachyte map between sections 16-30 is
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also seen on the ‘capacity change at 0.5m increments’ graph as the large
deposition between 1.5-7m depth. This entire area is made up of deposits 1-4m
deep.

- The levees at the inlet end are qery prominent as expected.

Assuming the 1901 and 1991 surveys are relatively accurate, the 1901-1991
isopachyte map should also be fairly accurate with the main feature being the
significant deposition at shallow and intermediate depths. At deeper depths
there is very little change in the bed profile apart from deep channel deposits
local deposits from tributaries and local erosion. Nearly all the sediment
appears to enter the reservoir from the main river and there is no sign of
tributaries contributing a great deal, i.e. large delta type deposits.

Conclusions

The capacity loss of 10.41 tcm per annum (total 937 tcm) between 1901 and 1991
should be an accurate representat;on of the overall average capacity loss durin
the life of the reservoir. This figure represents the following average sedimen
-1nput to the reservoir:

= 1.2 cubic metres (264 gallons) of sediment per hour

- 19.8 litres (4.4 gallons) of sediment per minute

- 0.33 litres (half pint) of sediment per second

The striking feature on the 1901-1991 isopachyte map is the distance that: the
deep sediment deposition stretches from the inflow. One would expect deep
deposits. in the vicinity of the inflow, but it can be seen that the deep
deposition continues over 1300m from the inflow. This implies that a significan
proportion of deposition occurs during drawdown, for the following reasons:

1) If the reservoir was at or near full it is difficult to believe that sedimen
- 'would be thrown so far out into the reservoir, i.e. between 900- 1300m from the-
inflow. :
""2) If the reservoir was low, sediment entering the reservoir within the river
would be carried to the point where .the extended river meets the reservoir and
be deposited. The exposed bed of the reservoir may also be eroded and the
-sediment’ transported to the river and into the still water. Therefore, during
drawdown, sediment will be deposited further down the reservoir past the still
water.line.

However, the. reservoir level-frequency record, summarised on the attached map,
.shows that large drawdowns are relatively infrequent, e.g. the average annual
lowvest level is 11ft or 3.35m below TWL (approx. 700m from the inflow), which
implies that there must be huge sediment deposition during these drawdowns.
Realistically, during drawdown and the associated dry period, there will be ver;
little sediment input from the low river, and significant sediment
transportation into the reservoir will only occur during a storm. Due to the
nature of the reservoir, this storm is likely to signal the end of the drawdown
period, so although the sediment would initially be deposited past the or1g1na1
drawdown location, the associated flood would eventually fill the reservoir and
the scope for deposition at intermediate depths would be limited. The timing of
the annual low is usually such that it occurs at ‘the end of the summer in
preparation for the Autumn rains. Therefore, this suggests that a significant
proportion of deposition occurs during the first storm of the Autumn, at depths
>4m below TWL.

Other issues

1:10000 map

The 1956 Ordnance Survey map shows inlet levees extending out approx. 300m,
vhereas the 1981 0S map shows levees extending out approx. 600m and the Eastern
levee meeting the East shore. 1991 HU survey shows 10m gap between East levee
and shore.

Either the inlet levees are constantly changing size and position, or the maps
are incorrect. Obviously the further into the reservoir the levees extend the
further out sediment will be thrown.
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GOUTHWAITE RESERVOIR

Statistics using minimum 1901 capacity value

RESERVOIR YEAR
CAPACITY ,
1901 1971 1991
tcm 6748.063 5834.240 | 5810.789|  using HU
mg 1484.396 12.83.379 1278220 = 1901 capacity
CAPACITY PERIOD
LOSS | o
1901-1991 |1901-1971 [1971-1991
tcm 937.274| 913.823| 23451
mg 206.176 201.017 5.159 using
tcm p.a. 10.414 13.055 1.173 HU 1901
mg p.a. 2.291 2.872 0.258 capacity
% total 13.89 13.54 - 0.40
% p-a. 0.15 0.19 0.02

NOTES : tcrh = thousand cubic metres
mg = million gallons



GOUTHWAITE RESERVOIR

Statistics using maximum 1901 capacity value

mg = million gallons

RESERVOIR YEAR
CAPACITY
1901 1971 1991
tcm 7319 5834.24 | 5810.789 using ‘ 1913 )'nap'
mg 1610 1283.379 1278.22 1901 capacity
CAPACITY PERIOD
LOSS : _
1901-1991 [1901-1971 [1971-1991
tem 1508211 | 1484.760 ;
mg 331.780 326.621 - using
fcm p.a. 16.758 21.211 - 1913 map'
mg p.a. 3.686 4.666 - 1901 capacity
% total 20.61 20.29 -
% p.a. 0.23 0.29 =
NOTES : tcm = thousand cubic metres



. GOUTHWAITE RESERVOIR
CAPACITY CHANGE AT 0.5M INCREMENTS. g
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Appendix B: - Gouthwaite Reservoir Depth/Volume Survey 1992

JBA Consulting
South Barn, Broughton Hall, Skipton, North Yorkshire BD23 3AE, UK. t: +44 (0) 1756 799 919

N:\2003\Projects\200350384 - Yorkshire Water Services Ltd - Gouthwaite LIDAR Analysis\Reports\2003s0384 - Final Report - Rev 5 - 13 November
2006.doc: 13/11/2006



Yorkshire Water Service Limited
Gouthwaite Reservoir LIDAR Analysis
Final Report

This page is intentionally left blank.

]

b

&

a".‘

JBA Consulting
South Barn, Broughton Hall, Skipton, North Yorkshire BD23 3AE, UK. t: +44 (0) 1756 799 919

N:\2003\Projects\2003s0384 - Yorkshire Water Services Ltd - Gouthwaite LIDAR Analysis\Reports\2003s0384 - Final Report - Rev 5 - 13 November
2006.doc: 13/11/2006



GOUTHWAITE RESERVOIR DEPTH/VOLUME SURVEY JULY 1992 (IMPERIAL)

GOUTHWAITE RESERVOIR DEPTH/VOLUME SURVEY JULY 1992 (METRIC)
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