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the other haﬁ, the Middlehope Burnm is bordered by a pathwey leeding from
Westgate, and there are several possible gauging points easy of access.
Supporting the choice of this-valley is also the fact that a good roadway
leads round to the upper reaches of the étream, so that rainfall
observations can be made comparatively ea.'sily in the upper part of the
valley to give some indications of the precipitation falling on the
catchment are;a..
Position .

The_ Mid..dlehope Burn is the first mejor left bank tributary of the
Wear, Numsrous small streams originating on the broad level stretches
of M'i.ddlehople Moor join together to flow south-sastwards and then south-
wards as fhe Middlehope Burn into the Wear at Westgate (Figl~1). On the
wost side of the upper part of the valley is the Sedling Burn dreining
to one of the headwaters of the Wear, the Killhope Burn, while to the
north and ﬁorﬁh—east is the walley of thé Rookhope Burn. Only to the
extreme north-west of the moor are there .strea.ms flowing away from the |
Wear system and’ those drain to the River Allem, a tributary of the Tyme.

Structure and Relief

The whole of the drainage basin is composed of Palasozoic Carboni-
ferous strata (Fig.3 ). The most representative series is that of the
Carboniferous Limestone » bu'b. there are two outliers of ti:e Millstone Grit.
The smaller forms an obvious capping on Black Hill with a dismeter of
approximately 15 chains, The larger outlier covers the highest parts of

Middlehope Moor, and extends beyond the drainage basin into the catchment
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areas of the Rookhope Burn and the Sedling Burn, The Millstone Grit,
resistant 'bo. erosion, lies protectively on top of a shale, the highest
formation of the Carboniferous Limestone, and so forms a plateau-like surface
on which the only chanées in gredient are caused by steep sided gullies
eroded in the thick peat near the heedwaters of the streams.

The Carboniferous Limestone formations outerop successively down the
valley sides.  The Grindstona 5ill outerop covers the extensive area along
White Edge, the wa"bershed be'b}reen the Middlehops Burn and the Rookhope
Burn, and reaches a breadth of %- mile on.the north-eastern slopes of
Black Hill., ' The edge of the Grinistone S$ill shows merkedly as a very
steep slope along the valley sides espscially above Saugh Cleugh. The
base of the formation, which forms the steep gradient occurs at 1918' at
Race Head, but along White Edge it is found at 1750'. This illustrates
the general easterly dip of the strata. ;

The greater proportion of the valley sides in the upper reaches of
the burn is composed of sandstones and shales in alternate beds of varying
thicknesses, A particularly thick resistant sandstone has made a ten-foot
high weterfall at 1620' along the course of the West Grains. For a.boﬁ'l:
300 yards upstream from their confluence at Middlehope Head-, the two
principal headstreams, of which the West Grains is one, have eroded steep
sided gorges 10-20 feet deep. The u-pper and to a much lesser extent the -
lower Felltop Limestones are represented also in the series of strata amd
& very smell outcrop of a 'bh:.n coal is fourd in Yearn Clough. The Firestons
S1ill outcrops contimuously round both sides of the wvalley, and its lower

edge forms a very steep slope especially near Middlehope Head, and so the




6 -

upper part of the main valley ‘is narrow and steep sided (Fig.4 Section ).
Between the Firestone Si11 ani the Little Limestome, the highest of the
mein succession of li.mestones,- are further formations of sandstones and
shales. |

The cemtral part of the Middlehope Burn wvalley may be considered to
bogin at the outcrop of the Great Limestone above l\iiddlehope Bridge near
the conflusnce of the large right bank tributary Yearn Cleugh. The
valley here begins to develop a more open character (Section B).
Irregu'lariti..es in the cross section illustrate minor %eatures caused by
the dissection of tributary streams, but the higher slopes are still
determined by the d:.fferent:.a.l resistence of the same series of rocks as
those found in the upper part of the valley. At Scarsilke Head 1770',
there is a col between the Middlehope and Rookhope drainage basins, a
feature emphasised on the Geological map by the portrayal of an outlier
‘of the Grindstons Sill separated from the continuous outcrop along
White ﬁdge.. It is utilised by a minor road leading from Westgate to
Rookhope (NG. 35/911413). The Great Limestoms. influences the landscape
most noticeably north of Middlehope Mine, wﬁere the burn has cut a deep
gorge through the rock, above which the top of the formation makes &
broad nearly level shelf, '

South of Middlehope Mins, the valley narrows again, and the stream
enters the main gorge approxmately mile in length. On both banks lower
formations are exposed. The 4 fathom limestone, the 3 yard limestone, the
5 yard limestone a.nd the Scar Liﬁest,one can be identified ea.ch. in their

turn with intervening samdstones and shales. 'The eastern valley side is
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very steep and sometimeé vertical with overhanging cliffs. The weste:rn .
flank has a mch.more gentie slope and only in a few instances near t'he
bed of the stream, or where a right bank tributary such-as the Seeing
Sike joins the main stresm, does the solid rock outerop (Fig.S ). The
asymmetrical cross section of the walley in this stretch is largely
obliterated by a covering of boulder éla.y which can be seen in many places
where land slips have occurred. South of S1it Dem is found the section ‘
of maximum relief. The gorge is here about 100' deep, the east bank |
Cliffs are at their greatest height, the most notable being Robin Hill's
Crag and the landslips on the west side are most x.fnnnerous (Fig.6 ). Im
one instance, a large block of the solid. rocks including limestones,

sandstones and shales, has been tilted out of the 'gemeral line of dip,
| and it is supposed that this i..sl the result of a.land slip on a iarge'
scale possibly a}.ong a line of weakness., Unfortunately, it was not
practicable to survey a cross section here, but sm;xe idea of the form
of the wvalley sides .ma.y be obtained from the accompé.hying photograph.
Above the gorge, the land slopes gently upwards with some minor undulations
on the west side before rising stee.ply to the rounded surmits.

Masking the solid geologicé.l formations over a large area are

glacial deposits. They may be cons-idereé. in two parts. The upper ome
extends from the confluence of Saugh Cleugh dowmstream to below Middlehope
Lodge where it covers part of tha Great Limestone outcrop. This 'boulder
clay® varies in character from a fine yellow clay seen on the surface

"in g sheepfold at 1415' on the left bank, to a coarse material of a more
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sdndy nature containing large boulders, fourd in the exposures along
the main stream near the coﬁi‘luerice of Yearn Cleugh. The clay a.‘b
Middlshope Lodge 1315' below the vegetative cover was fourd to be a
raele bluey-grey colour, and of a very fine nature. The second area of
"houlder clay" lower downstreamn ';Liés'oﬁ the right bank and oxtends from
Middlehope Mime (1160') to Crobked Well (1000'). A&long the burn this
patch of deposits can be observed below Slit Dam ly-ing\ on.top of the

4 fathom limestone. The de'lpo'sits are coarse and sandy and contain many
boulders 'of assorted sizes. |

In addition to the glecial deposits there are deposits of more
récent formation along.the middle course of the stream.. These are
stratified gravels, and coarse and fine sands of the river 'berracé s and
the boulders and gravels of the flood plg.in. The river terrace is seen
clearly both above and below 'Midd.f!.ehope Bridge, but it diminishes down-
stream'to the Great Limestone gorge where it cannot be identified and it
is not. de_finiteljr observed again until Crooked Well is reached. In
" meny places, it is difficult to distinguish the terrace with accuracy
owing to much disturbance of the land -during: the prosperous lead mining
periodé of the nineteenth and early twentieth centuries.

In a general de‘scriptioﬁ of the structural features of the Middlehope
Burn valley, men‘bion. must be zlnade of the many umahnal, nan-mede features
without exception comected wi*bh.the ‘extensive lead mining operations.
Most prominent are the old tip-heaps, the '.l:argest group being above the

lower gorge opposite S1it Dam. _These are coﬁposed of miniﬁg refuse from
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the rich S1it vein and are now for the most part grass covered. Smaller
heaps are found near all the old workings, and in some places there are
old tramway embankments. The main one rums from Peat Hill along to
Middlehope Mine, anmd then round to S1lit Dam. Where the old tremvey
crosses a small tributary wvalley. the height of the embankment is con-
siderable (about 25' across Seeing Sike) end in such instances 'Ehe stream
is led undermeath fhrough-a culvert. In additibn the spoil heaps around
old shaft holes form distinective hillocks. These are most. nmumerous

%4 mile sout.h-east of Middlel_xo'.pe Lodge. The hillocks are bell-shaped
with a diameter of the order of.'ben yards, but very rarely do they
contain wé.ter. Other man-made irregnaléritiés. include earth dams, two of
which still impound a body of water, and small quarries providing sheer
rock faces devoid of véget;.tion.

It is difficult to obtain a complete detailed picture of the soil
pattern of the drainage basin. There is a wide range in the characteristics
of the underlying rocks which form the parent material. Since it is e
mountain region, where the presence of the s-olid geological formations
is so widely evident, a large prc;'portioﬁ of the soils is composed -of
boulders, and very coarse material. The depth of the soils is also aff‘e.cted
by the 'varyiﬁg parent materials, |

Several borings ha.'\.re been made to determine the depth in selected
parts of the catchment area. The first set of borings was at the sou-t-;h-
eastern end of White Edée near Scarsike Head. On top of the Grindstomse

§ill, the depth varies between 6 and 10 inches, and most of it is a fine,
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"black peaty soil. On the slopes at about 1700' C.D. below the -outerop

of the Felltop Limestone; the depth increases to 15 inches. This
represents a greater accumulation below the very steep slopes of the edge
of the Grindstone 5111, on which the soil formation is very meagre. The
second group of borings was on the left bank sl_opes above Saugh Cleugh,
and among the North Grains . headwaters. It- is noticeable that the depth
of soil varies with the degree of slope. This leads to considerations

of a very detailed and complex"zilature outside the scoiae of the present
work, but which would form the basis of further invfestigations_. Depths
of 14 and 18 inches occur on ti:e shelf above Saugh Cleugh, and the soil
consists of partially developed peat on top of fine light grey silt, the
latter causing poorly dreined patches. With increasing altitude, there is
a greater 'bliick_ness__ of peat, for example, at 1825', 34 inches of peat ami
fine grained clayey soil, and at 1880' near the watershed 6 feet of
material mostly peat. These are -on the flaggy samistones of the Grindstone
S8ill. The light-grey 61aye_y §ilt may be-of -glacial origin comparable with
~the high altitude drift mentioneci by Dr. Raistrick in his paper on the
"Glaciation of Wensleydale and Swaleda.le".l The maximum depth of peat
_xineasured is found on the highest parts of the catchment area on the -
Millstone Grit formations where 9 feet of peat lie on the surface of thse
solid rocks. The inter-reiationship between peat formation, degree of

slope and rainfall offers a further subject of enguiry.

1 "The Glaciation of Wensleydale, Swaledale, and adjoining parts of the
Pennines™. A. Raistrick, Proc.:Yorks.Geol.Soc., 1926, vol.20.
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In the lower parts o'f"the area along the valley floor the soils are
coarse, arnd their depth varies with the characteristics and extent of the
underlying glacial and alluvie;l deposits. On the in:;fhole s it appears that
the resistant qualities of the rocks, and limited c‘hemical weathering -
have prevented the development of deep soil, and their often impervious
ngture has affected the leached and somtimss'waferlogg.‘ed gsoil characte-
ristics so widely i‘ound'. ‘

Vegetation and Land Usje

The natural vegetation has deve]_.oped as a direct result of -the
various influencing fa&bors s the high exposqd lo.ca,lity witﬂ its associated
climatic features, considerable rainfall and low temperatures, the hard_
resistent rocks witlll their preddmina:l‘:ing”saﬁdstones end shales, and the
resulting poor soils. The different types of vegetation in the area are
described fully by F.J. lewis in his paper on the "Geographical distri-
bu'l';ion of vegetation of the Basins of the Rivers Eden, Tees, Wear and Tyne".l
According to his detailed mep, the vegetation of the Middlehope Burn valley
is divided into four zx;ain typés under the generé.l classification of. Sub-
Alpine Moorland which corresponds with W.H. Pearsall's 2 sub-montans type
under 2000' 0.D. The first type covering the highest parts of Middlehope
Moor is Heather with Cotton G*rﬁs-s. 4 smaller area with this type is

" fourd elso south of Scarsike Head on the Grindstome Sill outlier. By far

1l "Geographical distribu’tiq_:'n of Vegetation of the Basins of the Rivers
Eden, Tees, Wear and Tyme". F.J. lewis, Geog.Journ. 1904,

2 "Mountains and Moorlands™. W.H, Pearsall.
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the largest area of the drainage basin is classified as CGrass Heath:
grasses with a general Heath flora., though there are patches of Cotton
Grass to ;be fourd. The third type covering' the lower parts of the
catchment area is callev;l Upland Cultivation. This type was meant to
include all developed land, but many changes have been made since the
aree was delﬁnited, and it now includes much rough pasturage which
cannot truly be called cultivateci.. The last type covers the smallest
area. It is the woodlamd bordering the lower course of the streem-. The
natural de‘ciduous‘. woods have the greatest exfent with Silver Birch,
Willow, Sycamore and Mountain Ash trees predominating. Underneath these
taller trees, the sides of 'th__e gorge are c_:evered with thick undergrowth,.
end. smaller trees and bush.es-'are_ represented by the Thorn, Wild Rose, Sloe
and Hazel., Near Middlehope Mine on the left bank, there is a conifer
plantation of Scots Pins, Spruce and Fir. ‘This was planted about 50 years
ago by the Ecclesiastical Comniesionere. |

The accompanying Land Use map has been compiled for 1954-55. The
rough pasture land re'present:ing '95,3% of the drainage area supports sheep
all the yeear round, and cattle during the summer months. Since the 1939-45
war some experimental plough:.ng and reseeding has been carried out.
Approximately 90 acres have been planted with mixed grasses including
Italian Rye Graes, Timethy-, Rope _and Clover. Generally, this is used as
improved pastqre for c'a'ttle,.graz ing but in one instance the crop was cut
for hay for winter fodder. 3. 0% of the area is meadow land prov:.dlng the

bulk of the hay crop. Permanen'b Pasture grazed regulnrly represents
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| 1.1% of the total catchment area a.nd the remaining 0.6% 15 woodland. The
Middleho;ée Burn valley is thus representative of Upper Weardale as a
whole, in that it supports a farming economy based on animel husbandry,
where conditions are quite unsuitable for arsble crop production.

Drainage Pattern

The headwaters of the Middiehx-)pe Burn are mumerous small streams
rising on the highest parts of the ‘moor. Near the watershed, the
courses of the streams are ill-defined, and where there are stagnant -
pools in the poat, sometimes isolated amd sometimes commscted by small
chazmels, it is difficult to determine ‘the direction of flow. Homever
two groups of streams, the Nortix Grains and the West Grains, heve deeply
sﬁoured chamels in the peat, and both sets eventually combine together
to form streams in well-defined valleys before Jjoining together at
Middlehope Burn Head. These headstreams are also joined by water seeping
from springs in marshy areas below the Upper Felltop Limestone, Much of
‘the land is permanently waterlogged, and the thick layer of peat forms &
vast reservoir 'cclanstantly-féeding the streams. (Even during the
exceptionally dry summer of 1955 the lower layers of the peat were still
damp, although their contribution to the stresm flow was practically
negligible .) The right bank tributary Yearn Cleugh rises on the slopes
of Black Hill, and it is joined by water carried by drainage ditches on
both sides. Some of these ditches were asso;:iate;i with the old lead
workings, but ethers have been élit more recently to improve t_he pastures.
Along the floor of the valley in this upper tract ditches have been dug

from the foot of the steep valley sides to the stream bed to prevent small
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tributaries from taking winding courses across the more level land. These
trenches facilitate runoff, but there are still many swampy places between
them, and their effect is extremely localised, end on a very small scale.
In the central part of the valley, which is more open, are found the
ma.jority of the longer tributaries. Those on the left 'bank which include

Scar Sike, rise sbout 1700' 0,D., and pursue fairly. straight courses

down to the main stream, except where they suffer diversions by man-made

Peatures. The right bank ftributaries in this section drain from the level
top of Carr Brow Moor. Nearly all of them are affected by old -mine
workings along éome sti';atéh of their courses, bﬁt nowhsre is the flow
restricted. The Middlehope Burn itself pursues a meandering course along
the middle tract. From Saugh Cleugh to Middlehope Mine its bed is s.'brewn
with large boulders, and only along the straighter reaches, and occasionally
where tﬁe steepness of the profile is least, is there mich fine meterial

to be found. The stream is eroding its bed actively, especially on the
convex curves of the meanders, -whicﬂ cut into the old river t_erra.ces, a.nd
into the boulder clay deposits in many places. The banks, varying from

two feet to about six feet ‘high B'ording the largest meamders, gradually
become undermined, and periodically the soil and vegstative cover

collapses into the stream. There is correspomding accumulation of material.
owing to lower velocities_, and“hence deposition, on the concave banks of
the meanders. In one instance, below Middlehope Lodgze, the land on tl;e
inside berd of a meander is stepped from the present bed of the stream to

the flood plain level and up again to the river terrace.
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The tributaries joining the Middlehope Burn in the main gorze are

.shorter and more swiftly flowing. On the eastern side of the valley

they pour over the edge of the cliffs forming high waterfalls, but on
the opposite ba-nk they cut steep-sided V-shaped valleys in ths boulder
clay cover, and only fall into the main stream from a lesser height, as
for example, the Seeing Sike, which has a fall of six feet over the
outerop of the 4 fathom limestone near the conflﬁence. The burn flows
swiftly through the gorge, and its bed is compose& alternatively of
boulders and coarse gravel, and smooth rock led_gés. Above the gorge on
the right bank are two artificially formed lakes., Bleaklaws Dam, the
higher, is drained by an ovéri"lcw_ ‘streacgn which -joins the Seeing Sike.

The larger, known as S1it Dam, receives very little water from inflowing

streams, and has a very small overflow chammel; thus it plays a very minor

part in the changing volume of the stream. These'lakes were formerly
demmed up for the lead mining,.,

Unfortunately for this present i:nvesti'gation, the past commercial
activities é.lready mentioned have affected the flow of the Middlehopé
Burn more seriously. The old entrances to the mines known as levels have
also been left as they were when mining wes carried out. These levels
are now important chamnels lesding from the workings in the Great Limestome
formations. 4n examination of copies of the old maps revealed that they |
do not extend i‘oxl' very far, but the existence of such conduits may
influence seepage through the limestone joints from beyond tﬁe determined
watershed. It has not been péss'ible fo explore these old lewvels, aml

therefore the effect of this drainagze remains unknown. There are three
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such water levels flowing into theé burn. This continuously flowing
water keeps the stream free from ice below their confluences during

very cold periods, and also help# to maintain the stream flow during

dry spells. The fact that the exit of the right bank level is £ mile
from ths watershed, and that the other two from the left bank are flowing
against the dip of the strata, partially justifies neglectiné their
influence in the following' coﬁsideratiqn of the discharge measurements.

~Determination of the Watershed

The watershed was drawn on the 6 inch O.S; map by 'inspectio.n of
stream flow directions, contours ra.nd spot heights . The lower parts of. the
basin below the site of the stream gauge were not considered. This pro-
cedure did not seem entirely satisfactory, since drainage ditches rumning
round the hillsideé ere shown on Carr Brow Moor, and it wr.s.s decided that
a check should be mede on the préseﬁt cordition of these artificial
features. In consequence, the watershed was redrawm in the field,
incorporating amendments due to irregularities among the small streams,
and also due to re‘lief featureé nobt showm on the 6 inch maps. Great
difficulty was fourd in detemﬁ.ni.ﬁg the liné of the watershed on the broed
expanses of the peat at the head of the valley. It is most likely that
the actual watershed is a ﬁriable line flucfllating in a sinuous zons
across the moor according to the nature of the precipitetion. Nevertheless,
e line was drawn on the map, and the area of the drainage basin determined

planimetrically.
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Chapter 2. Precipitation

Site of Gauges

‘Three-sites were chosen for rain gauges in the valley. Their
general positions were determined primarily by ease of access, so that .
there was as short an interval of time as .p§ssible between the readings
of the first visited and the last'. Thus, ons n-auge was placed in the
lowest part of the area in the ve.lley near the stream gauging po:.nt, the
second.at the highest point near the roed up the valley, and the .third
at an intermediate height, approximately in the centre of the catchment
area, and als-o 'nea.r the road. With favourable conditions, it was found
'bha.t' thé observations could be completed in half a.-n'hour, but there were
occasions when it was not possible to have trans'por'b, and then twro hours
elapsed between the beginning and the coﬁpletion of the readings.
Unfortunately, on severel days it was quite impossible to reach the
higher gauges owing to severe blizzards. ‘Other cri'l‘;er:le. considered in
placing the gauges were the exposure of the instruments, influencing the
actual reaedings, a.nd the finding of sites where the instruments would not .
be disturbed, In the la:.tter case, the local land-owners and farmers
were consulted.

1)  The WWestgate gauge. This was a 5" diameter Snowdon patterm zinc
gauge,' and it was placed on a level patch of ground provided by the river
terrece about mile upstream from the village of Westgate s on the right

bank, Here the valley sides rise steeply, and the position is shéltered



from very s'trc':ng' winds. Care was taken to see that the géuge was protected
neither by neighbouring trees ypor by the valley sides, and a round of
é.ngles on to probable obstruc'bio;:ls was taken with an Zbney level. In

all cases, angles of under 30° were recorded, so that it was felt that
the site was not oversha::?.'ovu'ed in any direction. The rain gauge was placed
so that the rim was one foot above the ground, and a protective barbed
mre enclosure six feet square was erected. The grass in the enclosure
was kept cut during ;bhe sumner months. The height of the rim 982' was
determined by pr'eci.sze levelli'n;;r, from a Bench Mark on ‘Sh-e old Methodist
Chapel in the village under i mile away.

2) The Scarsike .Head gauge. This was a 5" diameter, Snowdon pattern
copper gauge. The actual site for such an exposed location was very
difficult to select. Finally, a level piece of ground, out of sight of
the road, was found on the north-western slopes of the col. A certain
amount of shelter from strong prevailing westerly winds was afforded by

a stone vc.rall aligned approximately NJW. - S.E,, and the land rose gently
to the north and north-west. The gauge was .placed- about 30 feet from the
wall, and it was also enclosed by a barbed wire fence. Precise levelling
from a Bench Mark 200 yards away determined the height of the rim of the
gauge, 1792', and this was onse f_pot above groumd level,

3) The Middlehope Lodge gaugs (Fig.9.). This was of & similar pattern
to the Westgate gauge. Its' site was in a permanent pasture field 25 yards
due west of the Middlehope lodge fdarmstead. It was ascertained carefully
that a line of trees to the south did not have any sheltering effect on

the site., The zauge was fixed with its rim ons foot above the ground, and
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the height of the rim was found to be 1315' 0.D. from & Bench Mark

on the house. This gauge was also surrounded by a barbed wire fence, ard
it was noticeable that the grass here and at Sce.r;sike Head did not need
to be cut as frequently as at the lower site o'ffWe.-stgate.

Ovservations

At each station, in addition to measuring the amount of precipitation,-
the wet and dry bulb temﬁefature's; were.mea.sured and the wind direction.,'
estimated force and state of the sky were recorded. The rainfall was
measured in a greduated glass jar of the "Camden type", end the method
a(_ioptéd was lthat recommended in the Meteorological Observers'.Ha.ndbook.l
When the water in the glass bottle was frozen, or when snow was found in
the fumnel, a known quantity of hot water was added, end this amount
deducted from the total water measured. If there was snow lying, en
a.verage depth was obt.ajined from several measurements around the gauge
site, for purposes oflcomparison.

Difficulties were encountered in obtaining a wet bulb temperature
reading during the winter months when the air temperature was 32° and
below. 4s this occurred when the ground was snow covered and transport
betmoon the stations was not prac‘lﬁicable, time could not be afforded to
make a satisfactory reading, and these observations were discontimmed.
The air temperature rnaasuremen"cs were contimued however with the whirling

hygrometer.

1 Msteorological Observer' Handbook 1942. H,M,S,0,
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The observations were ﬁade daily at 0900 hrs. G.,M.T., this time,
of course, referring to— the Westgate gauge. The readings at the Scarsike
Head gauge were taken usually between 0920 hrs. and 6940 hrs., and those:
at Middlshope Lodge between 0930 hrs. and 0950 hrs. During the snowy
weather, the time of the last two sets of readings avéraged 1 -~ 1} hrs.
later, but even under exceptional circumstances, if it were aﬁ all
possible to reach the stations, the observations were always ggpplet_ed
before midday. .'

The daily observations were started on March 27th, 1954, and
terminated on May 29th, 1955, from which date weekly records were kept
until September 25th, 1955. However, for the purposes of this thesis,
it is proposed to consider in .detail only the records between April 1st,’
1954, end March 31st, 1955. | |
The Records o

_'A'complebe list of all the observé.t‘ions made is included in the
appendix in ta‘r;le ‘fﬁrm. The firét item of interest is the total preci-
pitation measured at the three stations. The Westgate gauge at 982'
recorded 52.64 ins., the Scarsike Head gauge at 1792', 47.29 ins. and
the Middlehope lLodge gauge at 1315', 55.61 ins. Only for two months, April |
and July, relatively dry mc.;nths, are the totals for Scarsike Head, the
highest, and in the autumn months, October, November and December, the
-amount of Fainfall measured at thé ‘highest station was much lower than
at the otl;er two places. Immediately the question of over exposure is
suggested as a possible explanation of this unusual state of affairs. The

siting of the gauge has been considered most carefully, and the placing
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of it on the lea side of the NW. - S.E. aligned wall was thought to
be an adequate protection from the severe wes'l;,eriy winds. However since
Scarsike Head is in the form of a col, between the Middlehope and Rookhc;pe
valleys, with a wind from the west and south-west, the air is obliged to
rise on reaching White Edge, and in this way, the rain is perhaps carried
over "the col. In such an event, the existence of the wall is just
magnli‘ymg the upward sweep of the air amd rain.

Another empla.natlon may lie in the fact that when overcast conditions
with continucus low stratus clouds prevail, the tops of the hills are
hidden. It has- been noticed that on such occasions the average height
of the cloud base is about 166_0' s 50 that when contimuous rain is falling,
it could be suggested that more would be precipitated from the cl_ouclls. ‘a.S_
a whole on statioms below the cloud base, than on la'.nd within the clouds.

During the periods of snow fall, 'it was very difficult to obtain
satisfactory readings. I_'hej-e was no occasion on which snow fell without
strong Winﬁs persisting at the time, Fortxmatel_j, none of the gauges -
was. ever buried, but the most accurate readings were obtained at the
Westgate sife. At Scarsike Head, most of the snow drifted against the
wall leaving very little on the ground, and in many cases there were ba‘re
patches in the large pastures. The recordsi at 1792' for Jamuary amd
February are poor, 26.1% of the January total for the three gauges, and
only 18,9% of the February total being measured there. It must be
remembered, hé\vever, that the éauge was not visited every day, amd there
mey be considerable ;blation lc.zsses.

n enalysis of the rainfall, end wind directions was made for the



" period April 1954 to March 1955.  The falls at the three stations were
averaged, and percenté.geé of this daily mean were coxﬁputad for each
place. Only those days which hed o daily meen of 0,1 ins. and over were
considered. Days on which snow fell were also omitted. Eight points of
" the compass for wind direction w'ere used, and the proportions of rainfall
were listed, according to the wind direction. These- were then averaged

in the eight columms and the following table resulted.

Meen percentages of the daily averages.
N g E. SE 8§ ST W W

WESTGA!E 99.9 92.4 108.,6 103.0 112.7 101.0 86.6 90,7
SCARSIKE HEAD 85.0 105.1 "85.7 96.2 B89.8 93.1 95.6 10l.1

MIDDIEHOFE LODGE 115.0 T0Z.5 105.5 100.8 96,9 105.9 117.8 109.9

No. OF DAYS 6 12 2 17 10 30 17 28

Scarsike Head has the greatest rainfall when the wind is from the north-
east, and it has over a third of the total measured fall, when a north-
westerly wind 1s blowing. The results at Westgafe are quite in accordance
with what nmight be expscted sinca. the valley where the gauge is situated
is opsn to the direction of its dominent rainbearing winds. It is also
remarkable that Middllehope Iodge in the open central part of the wvalley
receives over ome third of the total raini‘a.il seven times ocut of the eight.
From this, it can be seen that the direction of the rainbearing winds

has a marked effect on the amounts over 0.1 ins. measured at each station,
Thus it remains a matter for conjecture whether or not mora rain would
have been 'caught! at chrsike Head if the gauge had been placed sway from

the 'sheltering' wall,
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4 similar problem in the siting of a rain gauge has been considered
in the moorland area of West Yorkshire. In this case, a gauge site near
the crest of a ridge at 1450' was moved to a position just below 1400
to the 1661'\1'&.1'6. side of ‘the ridge in a little valley sheltered from the
. wind. The two gauges were read for comparison purposes and it was found
that the over-exposed gauge on the ridge showed an average deficit of
23% from the newly installed 'pr?'bac'bad gauge over the five months June
to October 1954.1 It seems probable therefore that a similar re-siting
of the Scarsike Head gauge would have produced a more satisfactory series
of observations. | ‘ |

Further i.nves‘big;ation :i.nfo the pre:cipita:tion r:ecords; was c::a.rried out
on the cérrelation of the thrée stations usin'g only.- the falls when the meen
was 0.1 ins. and over. Bei'tg'sa method was addptea ;bo firﬂ. the corr:e'lation
coefficients from the formula

- 1 -—.— .
Tz n 217 -X7 where n is the number

éx 8y
of da.ys,"l.l and Y are the arithmetic means of the two sets of observations
X and Y, and 6x and 8y are the standard deviations. (A sample of the method
used for the calculations is to be found :.n the apperdix.) The following

results were obtained:-
A. Westgate and Scarsike Head r = 0,83 0,03

B. Scarsike Heed and Middlehope Iodgp r - 0.90 £ 0.02
C. Westgate and Middlehope Lodge r=- 0.87x 0.02

1 The Assessment of Rainfall & Evaporation. A.Bleasdale. Journ.Instit.
- Water Eng. 1955, vol.9 no.8.

-2 "Reinfall & Runoff". E.E. Foster. Macmillan.
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The three coefficients are ail of the same order of magnitude, which
should be expected when the three stations are all within the same-
climatic régime. There is no significant irregulavri‘w in the correlation
of Scarsike Head and the other two statioms, in fact, the highest
coefficient is that of the relationship between Scarsike Head and ‘
Middlehope Lodge, when 'bhé difference between the two annual 'botais is
8.32 ins.

The numbers.of rain days,i .Ie; days on which 0.0l or more inches of
precipitation are measured, haf.s a range of 8 between the highest and
lowest. Westéate records 249, Scarsike Head 257 and Middlehope lodge 256
rain deys. Here, Scarsike Head has the greatest total, but as might be
expected from the comparative amounts of precipitation measuréd, the
number of wet days (days with 0.04 ins. and over) is comsiderably fewer.
Scarsike Head has 171 wet days. compared with T:Ve_s'l;.gp.te 180 and Middlehope
Lodge 183. The major differences occur during the snov-;y months, in
particular February, (Westgate 19 wet days, Scarsike Head 9, Middlehope
.Locige 15), showing the décrea._sed reliability of the obsérvra.tions, for
although values were obtained pfo_portionately for the da&ys when the
higher gauges were missed, the accumulation of several days was much lower
than the totals for a similar nmnber of days at Westgate. There could have
been considerable loss of snow out of the gauge funﬁel py wind removal or
evaporation, after the sﬁow fell and before the resding was made. 4 more
detailed comparison of the rain days and wet days for the individual months
may be obtained from the ,&iagram of Monthly Precipitation &April 1954 -

March 1955.
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From the number of reain days per month and the monthly precipitation
records may be calculated the rainfall intensity. This is obtained from

the fornala I - P where P is the precipitation and R the mumber of
. R .

of rain days. Thus the in'bens;ity for each month is the average rate of
precipitation. In considering rainfall and runoff, the study of rainfall
intensity is important for thée prediction of floods. For this purpose,

_ the intersities are usually obtained for a shorter imterval of time and

are expressed in inches per hour units. Recording raingauges are necessary
to obtain these detailed .intensities, and therefore such measurements have
not been taken in the Middlehope Burn valley. However, the more generalised
reinfall intensities calculated for the three stations serve to demonstrate
their comparative wetness. It is notable that the figure for Scarsike Head
in Mgust much exceeds that for Westgate (0.38 compared with 0.32). This
is due mainly to the very heavy falls which occurred over the higher land
during an exceptionally wet month, during which the highest daily total
during the year's observations, 1.72 ins., was recorded at Scarsike Head

on August 21st. During the week éfﬁing August 21st, 6.81 ins, of rain fell
at Scarsike Head and 6.85 ins. at Middlehope Lodge. These readings give

a rainfall intensity of nearly 1 inch per day, which is a high figure to

be sustained for so many days. The weather comditions at the begimning

of this very wet spell are depicted in the extracts from the Daily Weather
Report. A complei low pressure area moved eest-north-castwards across the
British Isles deepening as it'progressed towards the North Sea area. On

August 19th it reached the North Sea and became slower moving, becoming



stationary on &ugust 20th, before turning to move south-westwards towards
the English vql.xannel. During this time, unstable air conﬁitions persisted
over N.E. England, giving the -heé.vy falls of ra.in.'(Fig. Ih-12)

The rainfall 'int'ensity for November is highest at Westgate, for
November is the wet‘test month at this. station. There are a number of
heavy falls among the 27 rain days, although the highest fall here was
1,61 ins. on August 17th at the ‘begimming of the atmostheric developments
described above. |

The table of rainfall i.;cxéensity also illustrates the irregunlarity
between the staetions during the céld months, '1'h§ figures for Middlehope
Lodge are however quite compaz.'..a.ble with those of Westgate even thougix
the gauge was 'pot visited with the same promptness, which suggests that
the lowsr readings at Scarsike-;.Head may not be due to the shortcomings

in the compilation of the record.

Rainf-a.ll, Intensity. Inches per day.

Westgate Scarsike Head Middlehope Lodge

April 1954 0.07  0.06 ) 0.07
ay 0,20 - .7 0.4 0.30

. June 0.16 0.14 _ 0.15

CJuly . 0.1 0.10 0.10
Auvpust 0,32 o 0.38 0.44
September 0.1¢9 0.18 0.20
October 0.28 ) 0.25 0.27
November 0.31 0.2¢ 0.30
December 0.22 - 0,19 - 0.27
January 1955 0,20 0.13 0.16
February 0,13 : 0.07 0.12
Horch .11 .0,08 0.08
Mean Rainfall

It is necessary to detérmine the mean rainfall over the catchment

V)









area for & hydrological analysis. This figure may be cbtained in three
ways s~

1) By taking the straighfforward averages of the precipitation
megsurements ; , :

2) By c;:mputing a mean by the Thiessen Method 1. ' Thic takes into
account the area of the catchment, which is subdivided by the perp'e'nd‘icular
bisectors of the distances between the sites of each rain gause. Thus a
proportiox-w':be' area is allotted to each gauge, and the mean precipite.tic;n'
is multiplied by this factor, thus giving what is known as an a.r.ea-weighted
mean; - ' .

3) By drawing isohyetal maps of the area for each period of time to
be considered, end obtaining the rainfall over the area by planimetric
measuring of the areas enclosed by cach isohyet, and then summing the
product of the proportionate areas and the values of the corresponding
isohyets. | |

The first two methods have been used in cglculating the average pre-

cipitation of the Middlehope _i3ur'n drainage area, and the .monthly. and

anmal values are shown in the table below.

1 "Elements of Applied Hydrology". D. Johnstone & W.P, Cross. Ronald,



Method 1. Mean of 3 ga:_uges_ Me'bhod 2. Thiessen Method

Area qughts
0.148 0,142 0.710
w S.H. M.L., MEAN w S.H. M,L. MEAN
APR 1954 0.61 0,75 0,73 0,697 0.090 0.107 0,518 0.715
MAY 5.7 5.01 6.29 §5.683 0.851 0.711 4.466 6.028
JUNE 2,47 2.46 2.70 2,543 0.366 0.349 1.917 2.632
JULY 2,08 2.33 2.23 2,213 0,308 0,331 1.583 2.222
G 7.59 9.22 9.24 8.683 1,123 1.309 6.561 8.993
SEPT 4.69 4.48 4.89 4.687 - 0.694 0,636 3.472 4.802
ocT 7.12 6.85 7.55 7.173 1.054 0,973 5.360 7.387
NOV . 8.25 6.23 7.92 T.467 < 1l.221 0,885 5.623 7.729
DEC 5.59 4.97 7.02 5.860 0.827 0,706 4.984 6.517
JAN 1956 3.656 2.39 3.11 3.050 0,540 0,340 2.208 3.088
FEB 3.4 1.35 2.64 2,377 0.465 0,192 1.87¢ 2.531
MAR 1,70 1,25 1l.29 1.413 0.252 0,177 0.916 1.345
YEAR 52,64 47.29 55.61 51.85 ~ 7.790 6.715 39.482 53.987

It will be observed that the valués given by:Method 2 - the
Thiessen method =~ are greaterjthan_those obtained by Method 1. This is
due to the relative position.éf the rain gauge sfations within the Prainage
basin., In the aréaaweight method, Middlehope lodge has by far the largest
factor 0.710, i.e. this gauge isvtgken to represent 71% of the total ares,
and in half the months it has the maximm rainfall, Using'these values of
- the mean precipitation may be justified by-considering the nature of this
large area. Most of the land within the Middlehope Lodge section is above
the height of the gauge, and indeed, it includes the greater part of the
high enclosing moorland, and the whole of the upper part of the wvalley where
it is expected that the rainfall will be greater. Scarsike Head, on the
other hand, has the lowest proportion of the drainage basin, only 14.2%,

end therefore this stetion, where some doubt on the reliasbility of the
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measurements has a;lr,eéd-y been :indicated, ,p,iays a smeller part in the
evaluation of the mean by this method than it dées in Method 1.
The values obtained by both methods will be used in comparing

rainfall end-runoff in a later chapter.
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Chapter 3. Stream Flow

- The stream gé.ugi‘ng site was chosen along the accessible lower
reaches of the burn. Two fundamental conditions needed to be fulfilled.
Firstly, there should be a fall in the bed of the stream to form a coﬁh'ol
of the flow, above which a qui;et Pool with even flow and a relativelj
smooth water surface is found ... Secondly, the enclosing banks and the
bed of the stream shé;uld be as regular as possible, and not liable to
undue erosion in the event of ;flood flows. A place was found where it
appeared that iﬁese conditioﬁé prevailed (F'ig.'l3 ). Above a series <.>f
waterfalls, the greatest heig‘ht of which is 9 feet, there is é.'bgd. of
. liﬁestone about 12 inches thick which dips upstream. This foms-a.sma.ll
waterfall, and above the crest the ponded back pool deepens gradua.ll’yl. The
jointed limestome provides a relatively sm-ooth boulder-free stream bed. The
left bank is & six feet high stome wall built against the path, and the
right bank rises three feet above the bed of the stream, 4 hollow
scaffolding pole was painted, graduated to 0.05 feet, and fixed against
the wall on '!;he left bank in the pool, with its base resting on the
limestons floor (Fig.14 ). The datum of the gauge was determined by
precise levelling from a bench marlé_-‘to be 967.2 feet O.D.

Observations

The stage height was read daily at 0900 hrs. G.M.T., and the
observations began on March 27th, 1954, contiming until September 25th,

1955. Additional rea.d{ngs wer‘e ‘taken efter severe storms whenever possible.

The first reading was 0.45 feet, an average height. The measurements could ™
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be made to 0,01 foet by careful estimation up to about 1.00 feet, but
above that height, the velocity .of the stream was too great to permit
af:proa.ching the gauge post, amd 1;he suz.'g;ing of the water did not allow
an accurate reading to be made, In these instences, a mean was taken
between the highest and lowesff readings over a period of a minute or two.
The meximum stage reading was 2,30 feet on Jamary .10th, 1955. This
flood flow was caused by sudden amelioration of the weather accompanied
by heavy rainfall, (1.49 ins. in sbout 13 hrs. et Middlehope Lodge), on
top of melting snow. The lowest reading on the stream gauge was 0,33,
which occurred on several days :.n July and August, 1954. Such a reading
represents an extremely low flow, and it is doubtful whether there could
.be a lower measurement under p_re,sent conditions owing to the wafer
draining from the o0ld mining lévels. meﬁtione‘d previously.

On three days iﬁ Jamary, the stzl'eam.was found to be frozen over when
the site was visited at 0900 hrs. The readings were made after breaking )
the 'ice round the geuge post, butb these did not bear any relation to the
previous measurements. It was discovered finally that the control of the
j.vrgterfall had been modified by thé riling up of ice, and it was not until
this was cleared t‘haf valid rea.qliﬁgs were obtained. Since no appreciable
precipitation had been recorded, §s‘bima‘bed values were entered in the records.

Discharge Measurements o S

In order to relate the continuous series of stage measurements to the
precipitation, it is necessary to.convert the stage readings into amounts

of discherge, i.e. quantities of water flowing past the gauging point, at
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the times of observation. Thé method adopted' f.or this purpose utilises

the basic fornmia Q = AV. -where Q is the discharge in cubic feet per
second, A is the cross sectional area at the gauging point in square feet
and V is the avere.;ge velocity of the stream in feet pef secord. Many
modifications of this ﬁmdamen'bal hydreulic formula have been devised,
usually attempts to simplify and perfect the determination of the velocii;y .
under widely different co‘nditior;.s found in natural streams. |

In this investigation, the velooity was obbained by direct measurement

with a current mei:er. Since -ti:e Middlehope Burn is a small stream, and
consequently the deI‘:ths at the gauging point are small,. it was felt that
the velocity measurements would be most satisfactory wﬁh a U.S. Geological
Survey éup-type Pygny current meter. Uni‘ortuﬁs.te ly, these instruments
were unobtainable in this country at thé time of requirement, and a
standard size small _Price-'bype: current meter was acquired instead. The
instrument was fitted with batteries and headphones so that it could be .
operated single-handed, and a- stt;p watch was used to time a fixed number of
revolutions. The rod which catries the current meter was gradua‘t;ed in
feet to 0,05 feet, to facilitate the mesasurement of 'the water depths.

| The velocity resdings were taken across the stream ‘t;e'bween the stage
gauge and the crest of the waterfall control. At 'l;his point, the stream
ig. 20 foet wide, and a Chesterman tape stretched taut from the wall to the
right bank defined the gauging line, and could be fixed in the same position
during each series of measurements. The stage reading was taken at the
begiming and end of each set of observations, end if they differed, the

mean was calculated to relate to the dischargé obtained. The velocity of
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the stream was measured &t intervals of one‘ foot except near each bank
where readings were made at 0.5 feet and 19.5 feet, i.e. six inches from
the left end réi.ght banks respectively. The procedure at each point in
the stream was as followss= 1) The distance from the bank was ‘recorded;
2) The depth of water was noted from the current meter rod; 3) Accorciing |
to the state of the stx;eam, a fixed number of revolutions was.timed;

4) The same number of revolutions was ti_med egain. Ij' there was any major
discrepancy between . the two times, a third reading was made. The valt-:ci'&y
measuremsnts were taken at 21 points across the stream, and the whole
oper‘a,tion lasted. a‘:.mu;b an hour.

Owing to the extreme deiice.a.-cy of the. meésurements and to the accuracy
required, it will be seen that ideal weather conditions were necessary at
the time of observation. It was féund th::r!'; the weather must be' nearly
calm, since guite soft wihds, espécially those aligned downstream, a.f‘fec.ted
the velocity measurements, and of course strong winds were detrimental to
the manipulation of the instruments and other equipment. Even with perfect
conditions, ‘other factors added to the difficulties .. The velocities were
‘measured at 0.6 of(the depth, the po:l.nt at which the average velocity occurs
in the vertical. When the stream was low, the top of the cups of the
current meter were above the wa"telr surface near the lef't bank of the
stream, sven when the current méter was at its minimun height posit'ion
on the rod. To check the results on thess occasions, several series of
readings were made in deéper water about 20 feet upstream. The welocities
were amended experimenté.lly by applying correction coefficients supplied

by C.H. Pierce in his paper on "The Performance of Current Meters in
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Water of shallow- depth",l' but the resulting difference in the final
discharge to‘tal was too small to justii‘f amendments to the other series
of measurements in view o'f other pra.c':t:".cal érrors. When the stream was
high, current meter measurements of velocity were impossible, and thus
discharge figures corresponding 'b_c; stage heights within the very small
range of 0,33 to 0.90 only, have -bee:; obtained. On one occasion, the
interval between the measurements had to be increased suddenly from
one foot to tiwo feet.i_n mid-stream as the stream rose quickly.

During the period of the investigations, 15 series of velocity
measurements were made, the rqsul'ba;nt discharges varying from 0.466
cusecs at 0.36 feet to 45.979 cusecs at 0,90 feet. It is regretted that
further modifications of the method in order to obtain further reedings,
especially Some at stages above 0.90 feet were not possible. ‘A complete
set of the observations and details of the calculation of the discharges
from the velocities and cross sectional areas are to be found in the
append:ii.

The stage-discharge curve

In order to obtain discharge figﬁres for every value of the stage
measured, it is necessary to drew a curve of the stage-discharge relation-
ship. Plotted directly, with the discharges in c.usecs -along the x-axis,
the curve is convex resembling a parasola in its lower portion, and -

-smoothing out with increasing discharges. When plotted logarithmically,

1 "Performance of Current Meters in water of shallow depth". C.H, Pierce.
U.S. Water Supply paper 868.A 1941
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a stagé-discharge curve is a straight liﬁe » and this can be extended
beyond the range of measured discharges to give diécharges at lower
~or higher stages. Many difficulties w'e.re encountered in using this
method especially in attempting to align the curve through the fixed
measured points, and also a long extension in the upper stages was
required to reach the maximum stage of 2,30 feet. When the curve was
drarm, t&.1e maxinmm discharge deduced was over 1,000 cusecs, and all
the values of the resul‘i‘.i’ng rating table seemed wildly exaggzerated.
This fact was demonstrated also when monthly runoff figures were calculated,
since they were far :?.-n excess of the rainfall totals. Even after
neglecting several of the suspet.:t_. discharge measurements at the low
stages, there was little improvement.

After conmsidering several met‘hods s it was decided finmlly to improve
upon the straight logarithmic plot by determining the equation of the
required curve following the method demonstrated by C.0. Wisler and
E.F. Brater in’ "Hydrology'".l The cross section of the stream at the
gauging point is reasonebly uz;ifom, and therefore the following
relationship pertains:-

QR = ¢ (G -- a)® where Q is the discharge in cusecs, G is the gauge
height in feet, 'a' is the gauge height corresp;mding to zero discharge,
and C & n are constents. In the logarithmic form this becomes:=-

logQ = n log (G-2a) + 1logC.

1 rology". C.0, Wisler and E,.F. Brater. Jom Wiley, 1951.
&y v
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Before the constants can be evaluated to obtain a direct relationship
betwwreen Q@ and G, the value of 'a'l mist be determined. This is done
graphically, and it is assumed that the lower part of the siuple
discharge curve is a parabola., Three discharge values in geometric
series are selecfaed, in t.his instance 7-%—, 15 and 30 cusecs. These are
within the range of the fairly relisble measurements. At these points
on the curve, vertical and horizontal lines are drawm, and a 1i.ﬁe
'bhroﬁgh '.bheir points of intersection is produced to meet a straight line
through the points 73 and 15 on the curve. The point of intersection of
the two produced lines refreseﬁts the stage wvalue of zero discharge on
the stage axis. The construction is shown clearly on the accompanying
diegram. (Fiy 1)

The zero flow gauge height was fourmd to be 0.33 feat. A discharge
measurement was made at this lgfel, and under considsrable difficul‘try- :
and with the disadvantage of extremely low velocities, when the accuracy
of the current meter meas;uremezits may be doubtful, & value of '0.787 cusecs.
was ob'ta.ined. Thus it does not .appéar imreasonable to accept the value
of 0.33 feet as the stage of the imaginary zero discharge. Substitufing
0,33 feet for 'at, the equs.tioﬁ becomes : -

log @ w n'log (G - 0.33) + log .

o

Putting Q = 7.5, then G = 0.5
log 7.5 = n log (0.5 - 0.33) + log C

0.87506 = = n. 0.76955 + log C : eq. (1)



Putting Q = 30, then 6 = 0,77

log 30 = n log (0.77 - 0.33) + 1log C
1.47712 = - n. 0,35655° + log C eq. (2)
0.87506 = .- n. 0.76955 + 1log C eq. (1)
Eq.(2)-eq.(1) 0.60206 = ' 0.413n
n _ 0.60206 |
" 0.413
n = 1,458

From eq.(2) log ¢ '=  1.47712 4+ 1.458 x 0.35655
o 1.47712 + 0.5198
- 1.99692

C = 99,3 °

Therefore, the equation of the logarithmic stage-discharge curve for the
ganging point on Middlehope Burn is:-

log @ = 1.458 log (G - 0.33) + log 99.3. |
Five points wem calculated for ‘plo’c'bing the straight line, and these are
given in the table Ilolellow.

¢ G-a -log(G-a) " 1ogQ

0.5 0.17 1.23045 0.87492
0.7 0.37 1.56820 1.36736
0.9 0.57 1.75587 1.64098
1.0° 0.67 1.82607 1.74333
1.5 1.17 0.06819 2.09634

The curve is illustrated in the accompenying diagram.(Fig16)

- The Rating Table
From the stage-discharge curve, it was possible to obtain values

of the discharge for any of the measured stages. To facilitate the
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later computations, a rating table wes prepared, and this is included in
the text in its simplest form. G is the stage in feet and Q the
corresponding discharge in cusecs. The complete table showing the
determination of each wvalue, is to be found in the a?pendix.
The Ra_fini Table
¢ ¢ e @ 6 ¢ e @ @ e & Q

22,34 0.87 40,18 1.05 61.38 1.25 88.11

0.33 0.51 8.13 0,69

0,34 0,12 0,52 8.,81. 0,70 23.28 0,88 41.40 1.06 62.66 -
0.35 0.33 0,53 9.46 0,71 24.15 0,89 42.66 1.07 63.97 1.35 102.57
0.36 0.59 0,54 10.12 0.72 25.12 0.,90.43.75 1.08 65.16

0.37 0.91 .0.55 10.84 0.73 26.12 0,91 44.87 1,09 66.53 1.40 109.65
0.38 1.26 0,56 11,61 0,74 27,10 0,92 46,03 1,10 67.92 .
0,39 1l.6¢ 0,57 12,33 0,75 27.86 0.93 47.10 1.11 69.02 1.43 114.02
0.40 2.04 0.58 13.18 0,76 28,91 0,94 48.08 1.12 70.63 1l.44 115.61
0.41 2.49 0,59 13.90 0,77 30.76 0.95 49.32 1.13 71.95 .~

0.42 2,95 0,60 14,65 0,78 30,97 0,96 50.47 1.14 72,95 1.60 140.60
0.43 3.44 0.61 15.49 0,79 32.06 0.97 51.76 1.15 74.47 '
0.44 3.96 0.62 16.29 0,80 32.89 0.98 53.09 1,63 145.55
045 4.49 0.63 17,10 0,81 34.04 0.99 54,20 1.18 78.16

0.46 5.06 0.64 17.91 0.82 34,99 1,00 55.34 1.19 79.62 1.80 173.78
0.47 5.64 -0.65 18.75 0.83 36.14 1.01 56.62 1.20 81.28

0.48 6.24 0.66 19.72 37.24 1.02 57.81 1.21 82.41 2.30 264.85
0.49 6.84 0.67 20.51 0.85 38.28 1.03 659.02 1.22 83.56
1l 1.23

0,50 7.50 0.68 21.43 0.86 39.17 1.04 60,26 85.11

2
R

The final procedure in the study of the Middlehops Burn flow is the
calculation of the rﬁnoff from the catchment area in a specified time
using the daily'stage meoasurements aﬁd the correspording discharge
determinatiops. The unit of time chosen was the month, since the daily
frequency of the rainfall and stage readings did not justify the
consideration of a shorter period. In each month, beginhing with
April 1954, the discharges in cusecs for all the stage readings were taken -

from the rating table. The mean discharge for each day was computed by
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taking the av'erage of two successive readings, and this was allotted
to the day of the first reading., Conséquently, at the end of a.month,
the average discharge of the last day was taken as the mean of the
reading on the last day and. the reading on the first day of the next
.mon'l':h. The total of the mean discharges for the month gave & figufe
for the discharge, in cusec-days, of the drainage basin. (A cusec-day
is 1 cusec flowing for 1 day‘.) .Tebles showing the calculation of the
mon‘bhly:dis_chérges ;re to .be fonjmd in:the ai:pendix. ‘.

In <'>rder ‘l_:o -havé the zlunoff'va.lues: 1n a_form ;onveni:.ent for
comparison with the precipitation, the monthly discharge totals must
.be conv.érted into iﬁches c;f runéfi‘. F-‘or ‘exé.mple:'.in Api'il, 1554, the
total discharge was 39.80 cusecs. The ares of the drainage basin is

4.126 square miles or 2640 acres..

Since 1 cusec. flowing for 24 hrs, = 0.03719 ins. of runoff on 1 sq.mile
. 39,80 cusecs. . T . = 0.,03719 x 39.80 ins, - .
' _ 0.03719 x 39.80 ins. , . 4.126 sq.miles
4.126

0.36 ins. of runoff.
The other monthly figu.rés were treated in a similar way, and the following

1 1lted.
values resulted 1954

Zpril May  June  July  Aug.  Sept.
Discharge in cusec-days 39.80 341.86 52.26 29.18 -587.26 257.47
Runoff in inches 0.36 3.08 0.47 0.26 5.29 2,32
. . 1955
Oct. Nov. Dec. . Jan. Feb. March
Runoff in inches 741 4,79 542 4.70 1.49 1.68

1 "Surface Water Year Book of Great Britain 1937-45". H.M,8,0. 1952.
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The annual runoff value was dete}minsd from the monthly discharge
totals. The sum for the twelve months was 4,136.36 cusec~days, and
therefore the runoff was 37.28 ins. over the catchment area,

This set of values of the runoff of Middlehope Burn for the period
April, 1954, to March, 1955 appear to have reasonable proportions.
With due regard to the shortcomings of the methods-by‘which they have
been determined, to which attention has been brought at all contre~-
versial points in the prdcedu}e, the figures are presentsd as being
fairly representative  of the natural conditions prevailing at the

place in question, and for the period considered.



Part II The Burnhope Burn

Chapter 1. General description.

‘Tha Burnhope Burn is one o.f the two main headwaters of the
River Wear. It rises near the extreme western boundary of Durham
Gourrby, of which the highest point is Burnhope Seat 2452 £t. 0D.,
at the head of the valley. From this high moorland area (most of
the watershed is over 2000 ft.), the stream flows in a general
easterly direction to join the Killhope Burn at Wearhead. The
asymmetrical valley slopes, steep on the northern side and much
more gentle on the outhern,- are dissected by many small tributary
streams, These are more mumerous on the right bank, and their
courses are not so incised as those of the main feeders, the Scraith
Burn ard Salley Grain. ¥G 35/8138. | |

No detailed field work was attempted in this walley, but from
the 1" and 6" Geological Survey maps, it is apparent that its
structure resembles that of the Middlehope Burn. The major difference
1ies. in the fact that the rocks are lower in the Carboniferous sequence,
which might be expected from the more westerly location. Thus the
Mi1lstons Grit is not found in the Burmhope dreinage basin, and in the
lower parts of the valley, older strata such as the Tyne Bottom lims-
stone occur in the Carbonife;'ous Limestone Series. Otherwise all the
seme formations are represented in succession along the valley sides,
The contimity of the outcrops is disturbed by mumerous faults rumning

usually in a N.E. to S.W. direction, and more seriously near the dem
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of the reserv;oir by a disturbance associated with the Burtree Ford
Dyke., Mineral veins once worked for lead, e.g. at Scraith Heed
Mine and Lodgegill Mine, are foumd :;m the south-west part of the
basin.

There is another geo-logical- difference distinguishing +the
Burnhope valley from that of the Middlshope. Boulder clay covers
a very wide area of Burnhope, perhaps as much as two thirdsj of_the
drainage basin, Most of it is fourd on the southern, or right bank,
and very notably, it extemds up Salley Grain and Scraith Burn to
2000 ft. On the southern slopes, it is found at Lodgegiil at 1980 f£t.
end at 1750 ft. near éra.s_s_meres, but on the northern side 1600 ft.
is 'bhe maximun height, and only 1500 ft. near the reservoir.

The Burnhope valley as a whole is wide end open and its height
varies from 1200 ft. to over 24:00 ft., i.6. a range in the relief
of over 1200 ft., compared with about 900 ft. in the Middlehope
Burn valley. A comparison in the areal extent of the two valleys
can be seen in the accompanying maps (Fig. 1 & 20). The greater part
of the area is open moorlend, aml only near the reservoir are there
enclosed meadows and permanent pastures. A compé.ra.tively small
section on the northern side has been planted with coniferous trees
by the Durham County Water Board to assist in regulating the runoff.
It is expected that further parcels ‘of land will be similarly planmted
in the future. | | |
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Fig.17. Burﬁhope Reservoir and the head of Weardale.
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Cha'Eber 2. Pre ci;gitation.

The rain gamges in the Bux:'nhope Burn valley were set up by
the Weardale and Consett Water -company in 1902. There are two |
high sites whore readings are made monthly, at lodgegill Mine 1950 f£t.
end Grassmeres 1850 ft. on the-_right bank, i.e. on the southern slopes
of the valley. The daily gauge at Burnhope wis noted originally to
" be at 1200 £t.; but in 1930 its height changes to 1160 £t. in the
rocords. The site of the gauge was movéd presumably when const-ruction
of the reservoir was bt_agun,' but this doe; not detract from the value
of such a long contimuous series of rainfall measurements in nmearly-
the same location. The lui-nhopt_a gauge is now on the left bank of
the stream below the reservoir dem. The three geuges are maintained
by the Durham County Water Board, and the observations are made by
their Water Bailiff at the réservoir. | |

The observations at Lodgegill Mine, Grassmeres and Burmhope are
compllet.e from the begin‘n‘ing of .1965 up to the present time. On
occasions when it was impossible to visit the high gauges at the end
of the month during particularly snowy winters, or when a gange had
not registered correctly probably because of the need for replacements,
an estimated value was supplied by fhe British Rainfall Organisation
or the Meteorological Office, and this figure has been incorporated
in the series of observations.

Anmual Precipitation

The fifty years contimous record of daily rainfall observations
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at Burnhope is of great value, and the effects of the small change

of location can be negleci:ed-. For an upland region such a long

series of records is rarely fou,.n'i,. and it provides sigaiﬂcmt. ,
evidence of precipitation fluctuations. Unfortunately, it is not
advis;ble to study the staﬁsﬁ.cs for the higher gauges in deteil,
owing to their unreliability during the winter months. This is
apparent a.t once, on examining the totals for the yes.r 1917. Burnhope
registers 55.66 ins., i.e. 105% of the record mean, wherees at
Lodgegill Mine, 73.30 ins. and Grassmeres 73;75 ins, are well above
their respective means, and indeed these "falls” could be included
among those of the wettest years, Such an anomaly is very unlikely
with rega.rti.'t‘o stations less than S miles ap;rb. The irregularity,
thus demonstrated, diminishes the q_-o'nfidence-which might be placed

in the whole series of measuremei_tta of the two momthly gauges. Suffice
it to say that the means for the 50 yrs. are 63.47 ins. at Lodgegill
Mine and 59.71 ins. at Grassmeres, and it is suspected that these are
both too high, The wettest year is 1903, and Grassmeres at 1850 ft.
0. is claimed to have had 95.2‘0- im. during that year, with 78.26
inse. at Burnhope for compaxjisbn.i_

It is considered that much more éonfid,ence can be placed in the

" measurements of the daily gauge,,.where snowfall, the form of precipi-
tation which gives most difficulty, is dealt with at shorter intervals,
.and therefore with greater accuracy. Therefore, any msntion of the
record hereafter, refers to the series of daily observations made with

an 8-inch diameter gauge at Burnhope. The mean of the 50 yrs. resdings
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is 53.22 ins., anmd the standard deviation X 7.30 ins. The nsw
standard mean for the years 1916-1950 is 53.32 ins., ard since the
difference between the two is only 0.10 ins. and the new standard
mean has not as yet been generally'adopted, all calculations and
inferences are based on the average for the whole period (1903-1952).
78.26 inches in 1903 is the greatest ammal total, and the driest
year is 1953 with 40.75 inches (77%). This gives a range of 70%
of the record mean. It is -interesting to note that 1903 stands out
as & particularly wet year in the Wrexham District! where it has the
highest 'l':otal in a 63 years record from 1880 omwards. In the Cenmtral
Pormines at Malham Tarn 1297 f£t. OuD., 1923 is the wettest year with
78.22 inches (136% of the old standard mean 1881-1915) but only 45
miles to the north in a similar" envirommsnt, Burnhope has an average
year with 53.48 ins, It is .a.lsq noteworthy that the value. of T7% of
the average for the driest year is umsually high; values below 70%
are commonly instanced elsewheré in long term records.

There are 26 years above the average 53.22 ins. and 24 years below.
This distribution, like many others elsewhere, is slightly skew, but
not sufficiently to demand discussion, for a large proportion of the
totals, 43 out of 50, are within a departure of 20% of the mean., Of
the remaining, extreme values, three are wet years a.nd four dry years.

It is ‘often useful to consider the precipitation of periods greater

1l "The Rainfall of the Wrexham District”, S.E. Ashmore. Q.J.R.Met.8.1944.
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than a year especially in commection with water-supply: requir:emen'bs,

and hence the following table has been prepared.

PERIODS OF DRY AND WET YEARS

No. of Average % of No. of - Average Z of
YEARS PERIOD fall in ins. Mean YEARS _ PERIQD fall in ins. Mean
1 1933 40,75 V&4 1 1903 78.26 147
2. 190405 42,81 .80 2 1916-17 63.80 120
3 1940-42 44,51 84 3 1916-18 €0,69 114
4 1940-43 46.55 87 4 1925-28 57.98 109
5 . 1904-08 47.40 89 5  1947=51 57.15 107
10 1937-46 50.28 54 IOA 19509-18 ) 55.07 103

One very important point emerges from an inspec'bion of this table.
Although the wetbsst year has a much larger departure from the mean
than the driest year, 47% as against 23%, and then for the sequence
of two years the del;ar't’ures are ‘equ'a.l after that, the departures of
the percentages of the dr;est 3, 4, 5 and 10 years gradually becom
greater than those for the corresponhng sequences of wet years. Thus
for the decade, the deparhxre of the dry years is s% of the mean, while
the departure is 3% for the wet years. This has greater significanee
when inches of rainfall end hence quantities of water are considered.
An analysis of dry and wet periods leads naturally to a stﬁdy of
the outstanding periods in relationship to each other, or othezwise.,‘
to the determination of rainfall fluctuations and tremds. The first
method adopted was by accumnlatife de_viati;:ns, shown in the accompanying
diggram (Fig. 18). It is rather .nnfortuna:bé_ that the first year was

so outstandingly wet, since it causes the initiel point to have an
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umsual departure from the mesn. However, it does help to emphasise
the dry period ‘immediately fol;owipg,'which is comparable to the dry
spell about 1940. The blocks of Wwet years are easily identified by
the persistent rising of the eurve @.z. after 1945, The residual
mess diagram first drewn by A.A. Barnes 1,2, i:rodu_ces a'vary similar
curve when applied to the Burnhope record, and adds little to ‘the
impressions of £luctuations given by the &is.gram of accumilative
deviationgs. It is noteworthy that no indications! of symmetry over
the years are given by the curve for the period 1_:903-1950, as found
by Barnes and Ashmore; though o;:"i‘ course, thei,f studies did not cover
the same period and took into account earlier years. ' Neverthelesé,
no obviou:s agreement exists beﬁreen those parts of'tﬁs curves which do
overlap. A simpler and perhap;_s'more realistic; victure of the trends
is given by a series of rmm:.ng means . The d»iagt;am illustretes a
curve of 9 years running means plotted centra.lly; These values are
unreiated to the overall average for the period, and do not appear

to exagzerate the effects of extreme years such as that (19038) with
which the series begins. The rise in precipitaltion over the later
years is represented in a truer relationshi.p to% the rest of the period,
‘since the peak cemtred on 1947 ami 1948 has & comparsble valus bo that

centred on 1913 and 1914, a fact shown in the table of periods of wet

1 "Rainfall in England: the true long-average as deduced fram .
syrmetry"”, A.A. Barnes. Q.J.R.Met.S5. 1919.

2 "Rainfall reviewed: 4 common long-average period for each country
of the British Isles", A.A. Barmes. Q.J.R.Met.S. 1932,



years but not appé.rent on the ciiagrm of accumulative deviati’ons.

As e further point of interest, the figures for a straight trend

line were computed by the method of least squares.l (The computations
are to be found in the appemdix.) The results, for T = 0, P = 53.39,
and for T e 50, P = 53,04, show a ver‘;f 8light downward trend over

the 50 yrs., so that with the addition of but .ona or two years with
rainfall sbove the average, the slope of the line could be reversed.
Tt.does not therefore appear justifiable to claim that any significant
overall trend really exists, based on the period studied.

Monthly Precipitation

The important features of the record of monthly observations are
sumarised in the accompanying_ diagram (Pig. 19) axd a corresponding .
tsble is to be .found in the append»ix.. The absolute maximm fall
recorded in a month totals 13.72 ins. 'in Jamary 1948, axi the absolute
minimm, 0.19 ins. in June 1925, These extreme values are indicative
of the relative wotness and dryness of the months, for considering the.
 monthly means, Jamuary is the wettest month with 6,18 ins. and Jums the
driest with 2,78 ins. The sbsolube meximm and sbsolute minimm values
do not represent the greatest deviations from the means of their res-
pective months. In Apr11.1947, l‘a total of 16.95 ins. is 301% of the
mean for that month (3.64 ins.) whereas the maximum in Jamuary 1948 is

only 222% of the Jamary mean (6.18 ins.). The month of July has the

‘1 "Reinfall and Runoff", E.E. Foster 1949. p.144,
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lowest positive deviation from the mean, (179% in 1930) among the

maximum values. Among the minimum monthly totals, 0.21 ins. in

August 1947 is 5% of the average for the month. The next in

extreme dryness is February 1921 with 0.29 ins., 6% of the mean,

‘while the ebsolute minimum fall O.

19 ins, in June 1925 is 7% of

the Juns mean. The lowest negative deviation from the monthly

normal occurs in Jamuary 1929 (1.5

the variebility of the monthly pre

7 ins., i.0. 25%). To summarise

cipitation figures for the

period 1903-1952, the deviation from the monthly means’ (100%) ranges

from 201% (April 1947) to 95% (August _1947).

Some idea of the effectivenss

§ of the individual monthly falls

within the years is given in the following table, which shows the .

frequencies of the wettest and driest months.

NO. OF YEARS EACE MONTH WAS DRIEST OR WETIEST

~ FREQUENCY

MONTE  DRIEST  WETTEST
Jan. - 11
Feb. 4 4
Mar. 5 3

~ April 5 1
Ny 7 1
June ~ 11 -

: FREQUENCY
MONTHE DRIEST WETIBST
July 3 -
Aug,. - 3 3
‘Sept. 4 1
Oct. 3 9
Nov. 3 (]
Dec. 3 11

1946  APRIL & OCTOBER EQUAL DRIEST.

Within the 50 ysars of the record,
the winter months being most often
most often the driest in the ysar.

of the mean monthly precipitation,

there is the expected pattern of
the wettest, and the summer months
The table also reflects the values

‘for in eddition to the outstanding -



.8ignificance of the Jamary and June frequencies the four driest and
one wettest months for September corroborate the secondary minimm in
* the .autum. July stands out as a most insignificant month, -and it
seems remarkable that it has never been the wettest month of the year
during the periode.

Sequences of months with aia:ioz"ml rainfall amounts are shown
in the following table of driest andw.ve_ttest periods of consecutive

months . . .
DRIEST AND WETTEST PERICDS OF CONSECUTIVE MONTHS

No. of . TOTAL - % OF No. of TOTAL % OF

months FPERIOD FALL IN MEAN months FPERICD FALL IN MEAN
' INCHES ANNUAL ' INCHES  ANNUAL
1 Juns 1925 0,19 © .36 1 Jan. 1948 13,72 25.78
2 Feb-Mar.'29 1.36 2,56 "2 Nove.-Doc.1914 23,39 43.94
3 Jan-Mar.'29 2,93 5.51 3 Jan.-Mar.1903 32,10 60.32
4 Jan-Apr.'29 4.64 8.72 4 Oct.'38-Jan.'39 37.32 T0.12
5 Jan-May '29 . 7.10 13.34 5 Oct.'38-Feb.'39 42.81 80.44
6 Jan-June'29 8.90 16.72 6 Oot.'38-Mar.'39 48.61 91.34
7 Dec'28-June'29 12.32 23,15 7 Oct.'38-Apr.'39 52.26 98.20
8 Dec'2B~Jduly'29 16.53 31.06 8 Sept!38-Apr.'39.54.356 102.12
9 Dec'28-Ang.'29 20,26 38.07" 9 Feb.'03-0ct.'03 61.17 114.94
10 10 Jan.-Oct. 1903 70,03 131.659

Dec'28-Sept’29 21.91 41.17

This table does not dmomﬁte the same characteristics of variability
as those shown in the comparable table for anmial precipitation. The
fall for the driest month June 1925 represents 4.3% of the mean monthly
precipitation (4.43 ins.) while the wettest month Jamuary 1948 with
13.72 ins. has the much greater déparmre with 3107 of the monthly
mean, Kowever, at the lower end of the table where; a mmber of con-

secutive months is considered, the wettest period continues to have



the greater departure from the mean. This is not apparent at once
from an examination of the vglues since the proportidns have been
evaluated from the anmial mean. It is considered that the use of,
for exemple, the mean for 10 months, i.0. 44.3 ing., tands to be
unrealistic since Lit neglects the effects of the seasons. Consequently
the presentatioﬁ of the driest. 10-monthly period Decesmber 1928 to
September 1929 as 41% of the mean anmial precipitation and the wettsst
10-monthly period Jamary 1903 to Oc'bobell' 1903 as 132% is of much more
value. This shows that there 'is a greater negative dt;parmre from the
mean 597 as against 327, and thus that the lack of rain in such a
period m.th raga.rd to what might be norma.lly expected in a year, is
mch more serious than a smjp]us over a comparable period.

It is also interesf:i.ng to co'nsi:der the combination of, the

appropriate monthly meahq forming the seasons.

SEASONAL DISTRIEUTION 1903-1952

% of - % of- % of - % of
INS, Mean INS. Mean: NS, man -INS, Mean

Anmal - Arnmual Ammal - Arnual

DEC, 5.57 10.47 MaR, 4.35 8.14 JUNE 2,78 5.22 SEPE 3.92 7.37
JAN. 6.18 11.61 APR, 3.64 6.84 JULY 3.48 6.54 OCT., 5.52 10,37
FEB. 4.85 9011 M 3004 5.71 AUG‘. 032 8.12 NO'\T. 5.58 10048

WINTER 31% SFRING 21% summn zo% AUTOMN 28%

The seasons as defined above do not illustrate the maximumm range within
quarterly periods, which would be as much as 15% of the anmial mean if
sumer was considerad to be the months May to July and winter November

to Jamary. It might be expected too that Spring and Autwm would show
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more sim_ila.rity, but the accepted definition of the seasons does
not provide for the equinoxes, fhe periods of expected maximum
cyelonic activity over ths British Isles, coming into the centre of
their respective gquarters.

The division of the year into two seasons, the winter season
(Oct. to March) and the summer (April to Sept.) is much more accom-
nodating, In the Burnhope record the percenté.ge of the mean annual
precipitation falling in winter is 60%, and therefore in the sumer is
a0%. |

It is not proposed to at'bampt more detailed studies of the
Burnhope rainfall records. Considering the nature of the iﬁvestigations
as a whole, an analysis of rainfall frequemcy, although of great
interest to the water engineer, is a major study in itself, and from
exploratory experiments with the Btirnhope: sta.tistiés, it seems that
a longer 'pezl'iod. of time than that of the available 50 years of records,
needs to be used to provide a basis upon which i‘-reqﬁencies and
probabilities may be determined. Further fields of stuly lie also in
the. ana;l.;lrsis otf rain da.ys and v:ret days, there ‘:_»eing on an average about
220 rain;days per year, These would link up appropriately with the
evalﬁa:l:ién of intensity of rainfall, which is ﬁydrologically important,
but for ﬁhich no satisfactory data is available in this area.

Average Precipitation

The principal aim of the investigations in Upper Weardale was to
find the rainfall - runoff relationships, but unfortunately the runoff

data for the Burnhope valley did not cover such an extensive period of
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time as was first hoped. er, valuss of runoff for several
years have been computed and a full account of the method will
follow in the next chapter. At present, it is sufficient to state
‘that the years are divided into three groups 1916-1920, 1937-1940
ard 1951-1953, a total of twelve individual years. The determination
of the average rainfall over the Bﬁrnhope valley was made by the two
metho&s adopted in Part I, firstly the straightforward arithmetical
mean of. the walues recorded at the gauges in the.catchment area, and
s_ecox;dly by'the Thiessen method. - The first set of values was
obtained by averaging the anmal 'i;otals at Grasémres and Lodgegill
Mine, the two gauges read monthly, and Burnhope, the daily geuge.

The calculations for the Thiessen method had to be subdivided
into two groups. This was found to be necessary because the stream
flow measurements were related to two different points along the
stream, and therefore would refer to a catclment area of two different
sizes, For the years 1916-1920, the amount of water flowing from the
drainage basin was measured further upstream from the site of the
reservoir dam, apd so a smaller area was involved. The watersheds of
the two catchment areas ﬁe‘re dresm on the 6-inch maps, a:ai the area
values obtained by measurement with a planimeter. The boundaries,
and extent of these areas are shown in Fig. 20. They are 4302 acres
for the first group of years and 4480 acres for the rest. The vpro-
portibﬁ#l areas @varded to the three different raingauge sites were
measured for both area values, and hence these proportional factors.

were applied to the anmal rainfall totals, and 'figures for the average
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rainfall over the catchment E.rea were obtained. The results of these
computations are givén be:_l.aw-."

THIESSEN METHOD

Area A. 4302 acres , Area B, 4480 acres

GAUGE AREA PRomRTIoﬁs GAUGE AREA PROPORTIONS
LODGEGILL MINE 475 LODGEGILL MINE 43.8
GRASSMERES 42,8 GRASSMERES 40.6
NURNEOFE X | ' BURNEOFE 15.6

AVERAGE FRECIPITATION IN TEE BURNHOFE VALIEY
1916 1917 1918 1919 1920 1937 1938 1939 1940 1951 1952 1958

of 3 78,28 67.57 60,42 47,30 61.60 47,82 69,05 60,55 52,63 62,20 54.99 47.71
gauges '

Thiessen ' : :
Mea.n 80.47 71,79 62.60 47.02 64,13 48.51 71.36 €1.92 54,39 62,96 56.04 49.30

There are two criticisms of the use of the Thiessen method whiéh may

by I;ut forward in this instance, but' as a result there may be a counter-
balancing of effects.. Firstly, the area weight of the Burnhope gauge

" i.e. the influence on the Burmhope values, is small compared with the

other two gangeé which are only read monthly. Seoo;dly, however, there

is & large part of the catchment area above the height of the highest

gauge 1950 ft., which it is expected Will receive a greater rainfall,

and therefore it is not unreasonable to accept provisionally the

apparently exdggerated ﬁgﬁres for the average rainfall obtained by

the application of the large areal factors to the higher rainfall totals’ |
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measured et lodgegill Mine and Grassmeres. This argument was used
in Part I w;ith regard to the Middlehope Burn rainfall. The relisbility
of upland gauges will always remain suspect unless they are inspected
more frequently prefersbly daily, and in attempting to find e satis-
factory valu; of average precipitation for hydrological pu‘;'poses su;:h
shortcomings should always be considered. In using such ﬁlues in the
Burnhope valley in a later chapter, dus regard is taksn of sbnormal
measurements, and fluctuations are always to be noted in relationship
to the readiﬁ.gs of the Burnhope daily gange.

The use of the isohyetal method for the determination of the
average rainfall is the most generally accepted method. However, it
is considered that, although there is another rain gauge beyond the
N.E. boundary of the catchment erea, there is not a sufficient mumber
of gauges available to make possible good interpolations of the isohyetal
lines, Given a sa.i:isfa.ctory- ’qoverage' of gauges, the drawing of
isohyets on 1:25,000 maps wc."»uld be admirable, but it is debatable
;nrhether or not the runoff figures would have besn sufficiently accurate

to warrant such consideration.
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Chapter 3. Runoff.

The data for the assessmsnt of mnoff in the. valley of the

Burnhope Burn were all supplied by ths Durham County Water Board.
They aré clearly divided into two groups according to the methods
used in the measurement of the amount of water flowing in the stream

for particular periods. | '

The first set of values Wwere obtained for the years 1916-1920
inclusive, A suﬁey of thé-tremn flow was carried out by a private
firm for the Weardale and Consett Water Company with a view to éon-
structing a reservoir in the valley. The records of these preliminaries
state that e compouni Lea Recorder was set up in the burn at a point
indicated by the lowest extemsion of the watershed of drainage area 4
_ shomn on Fig. 20, The quantities of water in millions of gallons that
passed this site in each month of the five years were gbstracted from
the ‘typed tables of these records. Knowing the extent of the drainage
area from planimetric r;xeasurements mentioned in the ia;t chapter, the
runoff for each month was calculated as in the following example.

E.g. Jan. 191é. Total volume of water = 1002.556 million gallons

The area of the drainage basin = 4302 acres.

1 million gallons = 0,04423 ins. of runoff on 1,000 acres

1,002,565 =n ] = 0.04423 x 1002,.55 ins. of runoff on 1,000 acres
o 0.04423 x 1002,556 n n " " 4302 acres
4,302

= 10.31 ins. of runoff.



In this way, sixty monthly values and five anmal totals of runoff
were obtained from the given volumes of water flowing from the ,'

draiﬁage area. These are presented in table form below.

{
RONOFF (INS,) FROM THE BURNHOFE VALIEY COMPUTED FROM
REGISTERED " VOLUMES OF WAIER

MONTE 1916 1917 - 1918 . 1919 1920

JAN, ©10.31 3.20 17.92 2.14 7.13
FEB. 5.30 6.19 8.56 1,32 5.91
MAR., - 4.12 2.90 5.59 3.95 6.15
APR. 9.31 6.45 1068 6086 5025
JUNE 3,58 0,77 0.20 0.71 0.96
JULY 5.03 0.19 3.74 2,27 4,98
AUG, 144 S.96 1.43 2,05 3.84
'SBPT, 3.69 2.79 5.19 2,66 2.79
0CT, 11.55 7.68 3425 T 4.1l 3.51
XNOv, 5.12 9.99 2,17 5.94 4.71
DEC, 2,57 4,00 2,19 10,27 7.56
YEAR 66.51 51.00 50.43 45 .45 57.67

The second group of runoff statistics pertain to periods a.f'ber.
1936 when the Burnhops Reservoir- had been comstructed. The site of .
the reservoir dam shown on Fig. 20 was assumed to be the 'gauging
point' of the stream so that the drainage measuremsnts refer to the
area bounied by the watershed ebove this point, drainage area B, There
were three principal sets of d'a.ily water measurements to be considered, .
and ti:ese are used in the comprbatioz;s on a weekly basis, The amount
of water seirl; by pipeline to another reservoir further downstream in
iﬁ the Wear drainage system, and the amount of water allowed to flow

naturally into the burn below the reservoir are both measured accurately
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by meters in millions of gallons. The former comprises 'consumed!
water, and the latter is known as compensation water, the flow of
which by statute must not be allowed to fall below the rate of

. 2 million gallons per day. The third important measurement taken
regularly is the difference in the helight of the water level in the
reservoir above or below top water mark. When the water level is at
this mark, the reservoir is comsidered to be full and the capacity
is 1357 million g_a.lions.- The values of consumed water, compensation
water, and water level heights were ebstractsd from the reservoir
records for conse;cu-!:ive weeksf begil_miné a:t 9a.m. on a.: _se'hzrday
morning end finishing at the seme time on the following Saturday.
Honce to determine the chenge in storage during one week, the |
differe:‘me between .the smount of water in the reservo:ir- at the
measuremsnt time of the first Saturday end the amount on the seoond
Saturday was calculated. To _do.this-, the height measurements had to
be converted into millions of gallons first of all, and this was
possible by using a table compiled by the Water Board for such a
purpose, This table operated for height differences belaw top water
mark. For posit:lve anomalies, therefore, a smaller table wa.s evaluated
by adding a series of 1nches of water (the finest degree of accuracy
to which the measurements were made) on top of the top wa:be; surfaoce
area, 104.94 acres, and adding these amounts to the top wa:ber levei '
capacity of 1357 million galloms. It will be observed at once that
this represents a rather crude method, and neglects the change in.

surface area with increase in depth, along the margins of the z;eservoir.
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However, it was rarely fourd that the height above top water level
exceeded 3 inches, and therefore the method of compilation of the
positive anomaly table appears jusi;ifiable.

The runoff for each week was obtained by summing algebraically
the consumed water, compensation water and storage differences in
millions of gallons, care being taken to see that the signs of the
last figures were correct. The total runoff for the year was cal-
culated subsequently, and amendments accdrding- to thé day of the
week on which the yea.r began and ended were incorporated.

This procedure was followed with the statistics for the years
1937-1940, but in September 1941 were brought into operation the
north and south catchwaters., This meant that Purther supplies of water
were allowed to flow into the reservoir from valleys outside the
Burnhope catchment basin, beyond the northern watershed from the
Wellhope Burn and beyond the southern watershed from the headwaters
of the Ireshopsburn. Measurements of the quantities from the catch-
waters were made at the end of the pipes mear the reservoir by recording
depths of water in obserwvation chambers, but unfortunately these daily
linear values had ﬁot been oonvafbed into units of volume. Consequently,
it was found impossible to obtain values for the quantity of water
coming into the zveservo;l.r from thesé sources so that they could be
subtracted from the computed runoff in the Burnhope valley. For the
years 1951 and omwards, these necessary amounts had been evaluated in
the records, and therefore from that year, the reservoir data could be

used to determins runoff. Samples of the data and computations are to
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be found in the appendix. ,

Once the runoff totals in millions of gallons had been
evaluated from the suitable data for the years 1937-1940 amd 1951-1953,
the munmber of inches of runoff were computed as previously demonstrated

except that the larger catchment area of 4480 acres was émplo‘yed.

RUNOFF (INS.) COMPUTED FROM BURNEOPE' RESERVOIR DATA

1937 42.00 1951 48.95
1938 58.64 1952 58.T3
1939 52,23 1963 34.39
1940 38,31 ' ‘

These values must be treated with great reserve, for in addition
to the inaccuracies already indicated in the method of computatiom,
-some of the original data is hardly suiteble for such careful
endlysis, For example, in March 1939, there was a burst along the
pipeline conveying the consumed water, and although no water was
lost before it was measured, after the pipes was closed for repair,
and on reopening the supply, tho smount of water was not recorded
for a day. Also in the reservoir returns, there are reports of
leaks which may mean that some quantity of water escaped without
being measured. Such discrepancies would result in lower runoff
values. :

In order to make a. comparison with the work done in the valley
of the Middlehope Burn, the reservoir. data was abstracted for the
corresponding period April 1954 to March 1955, and the value of the
runoff was calculated for the Burnhope Valley for these twelve months.

. Unfortunately, the recorder measuring the compensation water allowed
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to run into the river was broken for two days, and thus, this
important constituent of the Burnhope Burn discharge was unknown

for ome week. It is not known what caused ‘the breakiown in the
recordef, but during that week emding January 15 1955, the greatest
£100d noted £lowed down the Middlehope Burn, and widespread flooding
was reported in the Tyme valley at the same time, The sudden rush
of water may have a.f..i‘ecil:ed the mechanism of the recorder, but what

is more important i:s-'tha.-t millions Sf Tga.llon,s of water passed through
unmeasured, and the absence of such a large quantity greatly

influences the final runoff figure of 51.09 ins.
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Part III The Relationshil betweey Precipitation and Runoff

In all parts of the world, but especially in those countries
with high.dez.xsities of population, the difference between the
precipitation and the natural runoff is of supreme importance. This.
valus which is technidau;} Inown a8 the !loss! ‘in precipitation,
represents the amount of water which returns to the a:bmosphere by
the process of direct evaporat:.on from free water surfa.ces (1nclud:.ng
all wetted surfaces after precip1tatn.on as well as the more obviocus
larger bodies of water such as 1akes » pools and streams), and by
transp:.rat:.on of moisture from the ground by e.ll kinds of vegetation.
The 'loss' also includes a largely unknown quantity of water which
disappears underground. Sometimes, when small areas are considered,
this can be assessed, but in regioné c;f t;omplex stratigrephy, it may
be ;jmpossible- to consider how m.ehvwa'ber_re'hxrns. to the natural
hydrological cycle and how mach is lost to the earth's surface.

One of the mos-t' jmportant problems in the field.of hydrology is
the determination of this loss in éfecipita‘bion since it has to be |
taken into account in any analysis of water resources for whatever
purpose it may be required. This difference between precipitation end
runoff varies en;armously in different parts of the world according to
the climatic régime. The type lof élimate experienced by an area has
the grea:bes‘l;. effect on the loss of precipitation over the earth's
surface, but within a relatively homogensous climatic region, it may
have -significant variations according to the structure amd composition

of the underlying rocks and soils, The latter, of course, are related
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to the climate as is too the natural vegetation which greatly affects
the rumoff. | |
Honce with the growing importance .of adequate water supplies for

agricultural, irdustrial and domestic purposes, many investigations
into the determination of the loss of precipitation have been carried
out. The evaluation of evaporation has attracted much attention. The
most notable formuls by Thorntiwaite éevised'originally for use inl
Amorica has been applied by other workers to ;ather parts of the world,
and has found much favﬁur in those areas with a tendency towards a
continental type of climete. In this country, the formulas of Perman®

and Illﬁy'il3 for evaporation have gained prominence among ‘many detailed
| studies. The reliebility of these mathematical methods, without
comﬁerng the actual formulae, depends entirely on the velue and
accuracy of the mteorologicai s"l';ati,stics used, a.nd since, for example
in Perman's formla, measurements of dewpoints, duration of bright’ -
sunshine, and wind veloc:i.ty.as well as air tempe-ratufe are requirad,
the application of the formulae is limito;d to those areas possessing
first-class meteorological stations. Thus by these methods, only
generalised values of the evaporation can be obtained, and over
restricted areas, '

The direct meesurement of evaporation is also made at many

places, and indeéd there are long records of the evaporation fram a

1 "The climates of North Amer:.ca a.ccord:.ng to a nsw classification”

CWarren Thorntlwaite, Geog.Rev:.ew 1931.

2 "A genaral survey of meteorology in agriculture and an accoun'b of the

nga:.cs of irrigation contrel” H.L, Permen Q.J.R.Met.S. 1949,
vaporation over the British Isles" H.L. Perman Q.J.R.Met.S. 1950.

3 "Evaporation over catchment areas" David Lloyd Q.J.R.Met.S. 1938.



water surface. Of more value to the hydrologist are the measurements
of evaporation plus transpiration frém ground covered with various
types of vegetation. There are many methods in use, and improvements
based on experience are always being made. _The variety of methods,

. however, sometimes appears to exceed the mumber of.stations at which
the measurements are made, snd since no standard procedure has been
universally accepted as yet, the available statistics are limited in
areal extent. - _ .

In the experiments carried out in Upper Weardale and described
in the previous chapters, no attempt has been made to subdivide the
values for the loss of precipitation, for reassons which are evident
from the above introduction, and from the. shortcomings of the
precipitation end str'eam flarmse.su-reﬁerrbs e:.:pla.ined previously.
However, it is possible to present total values of the loss for armmal
periods. These are assembled in the following table, where both
methods for the determination of the average rainfall over the area.

are used, giving two series of results.



ANNUAL  10SS OF FRECIPITATION IN UPPEH WEARDAIE

PRECIPITATION INS., 10SS OF

ARITHEMETIC * THIESSEN mﬁ‘fgl’? FRECIPITATION INS,

BURNHOFE MBAN MEAN o A. .
1916 78.28 80,47 66431 11 .97 14.16
1917 67.57 71.79 51.00 16.57 20.79
1918  60.42 62 .80 50 43 9.99 12,17
1919 47,30 47.02 45 .48 1.85 1.57
1920 61.60 64.13 57.67 8,93 6.46
. 1937 47.82 48.51 42,00 5.82 6.51
1938 69.05 71.36 . 58.64 10.41 12,72
1939 60,55 61.92 | 52,28 8432 9.69
1940 52,63 54.39 38.31 14.32 16.08
1951 62.20 62.96  43.95  18.25  19.01
1952 54.99  56.04 38,75 16.26 17.31
1953 47.71 49 .30 34.39 13 .32 14.91

BURNEOFE - o

APR, V54~ 585 75..00 51.09 22,36 28,91

MAR, 155, .

MIDDIEHOPE

APR,154- 51.85 53.99 37.28 14.57 16.71

MAR,*55, '

Some of these figures ere also represented graphically in the
accompanying diagram (Fig. 21).

In comsidering the results for the twelve calendar years, it -
will be observed that there is a very wide range fram 1.57 ins. in 1919
to 19.01 ins. in 1951. It is highly improbable that there would be a
renge of over eighteen inches in the loss of precipitation in such
an exposed area Witﬁ a compara.h‘.vel_y equable 'élimate‘, a part of the
ever windy Northern Pennines., Thus it is necessary to examine the
figures more closely, and to disregafd those which may be faulty. In
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1919, when the runoff represents 97% of 'bhe precipi*bat:.on, some of
+the monthly precip:ta‘b:.on tota.ls nay be ‘doubted, for exemple, during
March of that yeer there were recorded 17 days on which snow fell, .
emd the high gauges read monthly show a nearly 2-inch deficit on 'bhe
read:.ngs of the daily Burnhope gauge. The October and November |
totals” show-s:.mllar dlscrepa.nc:.es.l Similarly in 1917 end 1918,
although ‘the proportion of runoff to precipitation is more reasonable,
the figures for the mnfh of Jamiary are to be suspected. Twenty-five
days of snow were'reoorded at Burnhope in Jamary 1917 where the tofal
was 1l.21 :Lns. ». but the monthly geuges were credited with 22 and 24
' inchas,_'of pre_gipita.tion by estimation. These amounts give ﬁ:c;dﬁly great
differences particularly when there are no comparable large runoff
figures even in the following months allowing for a late thaw. In the
following year, the Jamary totals give 5.23 ins, of precipitation and
| 17,92 ins, of runoff. It is probable that the monthly totals of runoff
for Ja.uﬁary 1917 and 1918 may have been interchanged in error at some
time, but careful scrutiny of the available recoids 'has not solved
this problem (Fig. 22). |
Thus i..t.can be seen that no great reliance can be placed on the
results for.the earlier years. The later figures for the loss of
precip:.ta:bmn eveluated from the reservoir records give & much more
realistic pic'bure, even though ‘there are minor irregularities which
have been ind:.ca.ted in prenous chap‘bers. -'fL'he anmuel runcff ﬁﬂs
have been plotted aga:.nst the number of inches of precipitat:.on, amd
the resulting graphs (Fig. 23) show the points falling into two
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distinct groups, those of ths qa,riier"yaar_s and those from the more
relieble statistics. Both series of results are shown, and in each
instence, straight line curves have been dremn through the -géod_.
points to give a simple precipitation - runoff relationship. ‘The |
equation R = 0,72P = 1,17 ins. (where R = runoff end P = '_precipita.t:l;on)
from the graph of the Thiessen means is much more definite then the
equation R = 0,79Y~ 3.75 ins. using the arithmetic means for averags
precipitation. Thesé simple straight line equations are of & similar
pattern to those quoted by Gold® for the Thames Valley. The slopes
of the lines 0.72 and 0.79 are a little greater, aml these lerger
proporbioné of the rainfall are reduced by the lesser au;oun'bs' 'o'f the
constants 1,17 and 3.75. This means that the proportion of ‘the
precipitation in Upper Weardale which forms messursble runoff is
greater than that in the Themes Valley, which is a result that might
be expected. .The Thames Basin is rimmed with the highly absorbent
chalk strata which leﬁés surface moisture awey to the deep naturgl -
underground reservoirs, while the harder rocks of the Fennines .are
much less permeable and provide a quicker runoff, Evaporatiqn,
especially during the warm summer months, is much higher in the south
of the country than in the north, theoretically differing by as mich

as seven inches acoord:.ng to Peman.z

b "The relation between ‘runocff - a.nd "quarterly values of rainfell in
the Thames Valley"” E. Gold. U.G.G.I.: Assoc.In'bern.d'lIydrologie :
Scientifique Brussels 1951 Tome III. :

2 See note 2, p.79.
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The two values of the loss of p:recip1ta.tion for the twelve months
Apr:.l 1954 to March 1955, the period of the Middlehope Burn experiment,
differ greatly as s_hown in the above table. The figures for Burnhope
are too high, and plotted on the graphs they show the deficiency-ip the
runoff explained earlier., The Middlehope Burn resulfs are in accordance
with the satisfactory Burnhope figures, although it must be remembered
that 'bhey do not apply to an ordinary calendar year. |

Since the runoff totals for the Middlel;ope Buﬁx were coml;iled'
also on a mon-'f:hly basis, the loss of pr;cipi.ta.tion has .beez; evaluated

for each month from April 195¢ - March 1955. ,
MONTELY 10SS IN PRECIPITATION ' IN MIDDLEHOPE ' BURN

PRECIPITATION INS, .. RUNOFF . : <
IRTTRVETIC TETESEEY  [UNOFF PRECTETTATION 1058 IV PRECIPITATION INS,

MEAN . MEAN . (TeEssexw) % - - B T

1954 AFR, 0,70 0.7 0.36 51 0434 0.35
'MAY 5.68 6.03 3.08 51 2,60 2.95
JUNE 2.54 2,63 0.47 - 18 ' 2,07 2,16
JULY 2.21 2,22 0.26 12 1.95 1.96
AG, 8.68 8.99 5.29 59 3439 . 83470
SEPT. 4.69 4.80 2,32 48 2,37 2.48
0CT. 7.17 . 7.39 7.41 100 -0,24 -0,02
NOV, 7.47 7.73 4.79 62 2,68 2.94
1954 DEC, 5.86 6452 5.42 8 0.44 1.10
1955 JAN, 3.05 3.09 4,70 152 -1.65 -1.61
FEB, 2,38 2,53 1.49 59 - - 0.89 1.04
1955 MAR, 1.41 1.35 1.68 124 _ 0.27 -0.33
YEAR  51.85 - 53,99 37.28 © 69 14.57 16.71

In & mountainous ares, tha 're'sponse.-éf a small stream to heavy
‘reinfall is very repid, so that the above table represents a broad
generalisation of the actual conlitions. Nevertheless, the figures do

illustrate recognisable events associated with the various seasons of



the year. June and July have low runoff wvalues compared with the
precipitation, when the awraée temperatures ere approaching the
maximm end evaporation is therefore zreatest, and after these
relatively dry months, the runoff for the wet An;gust was still below
the average for the year ’w‘:'.th 59% of the precipitation, This is

dué to the absorbency of the peai:,on the high moorland, and of the
vegetation using the maximm amount of moisture at this time of the
year. A distinet lapse in time between the occurrence of heavy

rain and the rising of the stream ooqurfed at the begiming of my,
owing to the previous very dry month of Awﬁ. ‘Three quarters of

an inch of rain fell on the 1st and 2nd of May, but it was not until
the mornming of the 3rd that a high reading of the stream gauge was
recorded., During the autumn months of October and November and
December when the mean temperature is decreasing, the proportion of
runoff to reinfall rises. There were some heavy falls of rain during
these mon‘bhs;,j but even during the dry spells the stream never foll

to a 1ow_1ev§i; The ground beca.me ‘saturated, with the result that on
December 1st & fall of under an 'inch produced flood conditions on

the following day. Jamary eni February 1955 were very cold months,
'bh_e mean temperature of -the latter being below freezing poi_nt. There
were considerable fells of snow with the comsequent retarding of

the effects on the stream.’ The remsrksble flood of Jemery 10th
when over an inch of rain fell on the snow cover the previous day,
a.nd the 'bemperature Tose suddenly into the forties, has already been

mentioned, amd this greatly influences the high runoff -~ precipitation



-89 -

STREAM GAUGE & MEAN DAILY PRECIPITATION

-‘APRIL 1954 - MARCH 1955
20 MIDDLEHOPE BURN
i .
oS J - .
e o Mol FiINTI N

10 20 30 10 20 .JO 0 20 JO ] - 20 40 . 10 -zo 30 N 3 EC' 32
APRIL Ay JUNE suey AUGUST SEPTEMBER
20
s
o
¥ o
£ .
z ) .
) l IJ . L |
Nl | | _a A h'_'l.._ _L_L_“‘.M_--.h_l_l. —

FEEY



http://iUj.ll

rroportion of 152%._ 'L'hs corrasponding figure for Februery is
mch 1ower, ‘for the temperature remained persistently low and
snow fell on 18 days of the momth. The final thew begen during
the second week of March. The weather was dry, and the mean
temperature rose graduaelly so that it was a gentle thaw, 'bhe
maximm stream height of 0,75 ft. being reoorded on the 16'bh of
the month, but undoubtedly mch of the February precipitation
is contained in the March runoff (Fig., 24).
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Conclusions

These hydrological investigatioms in Upper Weardale were
directed towards the determination of the relationship between
preoipita.tion end runoff. To achieve this, the practical work was
carried out in order to supplement and :i.mpréve upon the existing
informgtion., It is deba.ta.":;la whether a lengthy series of unreliable
records is more valuable than a short set of better observations.
However, it canmot be stressed too strongly that unfailing accuracy
end attention to deteil are absolutely essential in taking hydrolo-
gical measurements amd compiling records. In eddition, observations
should be made completely continucus beceuse conditions never remain
static and events are never precisely repeated. The ideal is that
ali measurements should be continuous. The basic requirements in a
study of this kind are recording raingsuges and stream gauges, and
the control section at the stream gamging point should be absolutely
rigid; preferably a constructed weir. Even so, the stream should be
watched carefully par%icula.rly in cold weatﬁer and the formation of
ice prevented if possible to avoid finding the overflow choked so
that several hours of readings are msde unreliable. Of course, a
constant vigil is something that is very rarely achieved, amd much
hydrologi.ca.i work is necessarily basfd on suppositions and a.ssess;nents.

Soms of these shortcomings have operated to a greater or lesser
degree in the experiments in the Middlehope Burn catchment area.
Although the stream ha.s an uninterrupted natural flow, the geological
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structure makes the basin unsuitable for further detailed study

of the oubstanding hydrological problems indicated sbove. Eowever,
the results appear to be satisfactory from the stamdpoint of the
methods employed, and from statistical scrutiny.

' In dealing with the ‘statistical results, attention mst be
drawn again to the inaccuracies explained earlier, which were
brought about by adverse woather conditions. These would be over-
come in larger scale investigations by more complex end improved"
equipment. The value of 14.6 ins. or 16.7 ins. for the difference
between precipitation and runoff might have been a little higher
if it had been possible to obtain the avérage precipitation by the
isohyetal method, but as it stands it is of a reasonable order and
magnitude. Comments on the relisbility and valus of individual
measurements have been given :l.n' their 'appropriate contents . '

The methods adopted in the Middlehope Burn investigations
were the best that could have been used in the circumstances. Of
course, the exié'bence of a good na.ﬁi‘a.l stream geuging point is very
rere, but it is considered that the best section of the Middlehope
Burn was used, notwithstanding the difficulties that were encountered
aftor it had been selected. The use of & pyguy type curremt méter
would have given better velocity measurements at low flows, and it
is difficult to lmow hov readings could have been made st high
velocities without the construction of a bridge over the stream at
the gauging point. The siting of the highest reingauge on the éol

at Scarsike Heed is most controversial; it is very probable that larger
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smounts of precipitation would have been recorded at a more sheltered
site. It cangot be said whether or not the totals are a.true mesasure
of the precipitation reaching the ground at that point.

Finally, the experiencé gained -during this.series of experimeﬁts
mekes it possible to imdicate several fu'rthar lines of study. While
some of these are well known in the field of hydrology it seems
appropriate to re-emphasize them here:-:

1) Improvement in the accuracy of measurement of precipitation in
upland regions wi'bﬁ spocial reference to .the type of gauge of greatest
practical use, preferably of a contimwous recording pattern, and to
the measurement of snow, the most difficult form of precipitation to
measure satisfactorily.

2) The comparison .of different criteria to be applied in arranging

a good coverage of geauges with suitable sites over a catchment area to
give reliable values of the average precipitation over ‘that area.

8) The extension of evaporation and transpiration studies in mountain
regions in this country where there is the greatest potential water
supply.

4) The improvemsnt in knowledge of water movement underground.

5) The intensive study of .a small watertight catchment area in the
mountains of :Great Britain for a period of about 10 years would be:
extremely valuable in attempting to solve many of the mroblems connscted
with the determination of the relationships between precipitation,

runoff, evaporation, transpiration amd percolation.
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Precipitation. Westgate

n TSca:jsil::e Head
" : Middlehope Lodge - '
Correlation of Rainfall ‘of Westgate & Scersike Heed
Middlehope Burn. Stream gauge record
" Discharge messuremsnts
" Rating Table
The Middiehope Runoff calculations

Computation of the Trend of Burnhope Precipitation
by the method of Least Squares

Monthly Precipitation. Burnhope 1503-1952

1l. Examples of rumoff data from the Burnhope

Reéservoir Rscords

p. (i)

pe (i)

Pe (iii)

Pe (iv).

p. (v)

Pe (vi)-P. (=)
pre (xxi) & (xxii)
PP.(xxiii) - (xxviii)

Pe (xxix)

pe (xxx)

Pe (mi)



1954

Middlehope Burn. Westgate. Precipitation.

APRIL MAY JUNE JULY
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1954
APRIL
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Burn. Scarsiks Head. F&ecipitati&n.
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Midd.leh_gge Burm., _Middlghojg_e Lodge . Precipitation.

1954 . 1954 1955 1955
AFRIL MAY JUNE JULY AUG, SEPL OCT?, NOV, DEC, JAN. FEB, MAR,
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(iv)

Correlation of Rainfall of Westgate & Scarsike Head
Year April 1954 = March 1955

Days with mean 0.1 ins. and

ovVer.

Correlation coofficient 0.826 * 0,029.

(After Reitz)
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0,43
0.41
0.44

"0.49

0,43
0.44
0.41
0.40
0.39
0.38
0438
0.38
0.37
0.36
0.36
0.36

- 0,36

0.36

0.36.
0435 .

0.35
0.35
0.35
0.35
0.35
0.35
0.34

054

0.34
0.34

0435
0.76

. 1.18

0.56
0.45
1.40

0.56-

0.45
0.40
0.39
0.38
0.37
0.37
0.37
0.40
037
037
O .3 6_
036
0.35
0.40
0.45
0.60
0.44
0.,40
0.47
0.82
0.49
0.42

Burn, Stream gauge record. (The stage in feet.)

JUNE JULY

0.39 0.35
0.38 0,35
0.37 0.35
0.37 0.37
0.36 0.56
0.36 0.39
0.36 0,36
0.39 0,35
0,40 0.35
0.52 0.35

0.42 0.34

0.38 0.34

0.37 0.34
0.36 0.35
0.36 0.34
0.55 0,33
0.40 0,33
0,38 0,34
0,37 0.33
0.36 0.33
0.37 0.33
0,37 “0.33
0.36 0.34
0.35 0.35
0.36 0.34
0.38 0.33
0.42 0.35
0.42 0,51
0.37 039
0.36 0.36

0.35

()

A1G. SEPT.
0.54 0.38

0.54 .0.37:

0.35 0.37
0.33 0.37
0.35 0.36
0.47 0.36
0.36 0.37
0.37 0.36
0.35 0.37
0.42 0.42
0.46 0,60
0.36 0.45
0.37 0.47
0,35 0.43
0,34 . 0.43
0,44 1,07
0.42 0,53
1.80 0.48
0466 0.4%

43 0,72

0.93 0.57

"1e23 0450

0.80 0,44
1.00 0.54

"0.58~ 0,74

0.50 0.50
0.45 0.48
0.42 0.46
0.40 0.44
0.40 0.67
0.39

estimated wvalues

0ocT,

0.49
0.53
0.47
0.62
0.51
0.57
0.46
0.46
0.43
0.42
0.42
0.41
0.41
0.72
0.65
0.65
1.18
1.25
1.15
0457
0.50
0450

0.47

1.40
Os

.0.51

0.96
0.81
1,63
0.64
0.56

NOvV,

0.68
0.50-
0.49
0.46
0.45
1.15
0.64
0.51
0.62
0.53
0.68
0.68
0.56
0.58
0.49.
0.48
0.45
0,45
0.45
0.44
0.44
0.50
0.56
0,72
1,10~
0.54
0.85
1,00
0.54
0.74

1954
DEC.

0,78
1.60
0.69
0.96
0.62
0.53
0.47
0.45
0.50
0.62
0.55

0.45

0.62
0.49
0.86

0.5

0.60

.0.50
0.83 .

0.56

0.52

0.51

0.72

0.46
0.66
0.74
0.54
0.57
0.69
0.52
0.48

1956
JAN.
0.46

004.4 *

0.44
0.43
0.44

(v)



(vi)

Discharge Measurements. (0.6 depth Method)
Oct. 4th 1954 - : : o
1. GADGE -0.55 Time 1422 hrs. 2. GAUGE 0.54 Time 1515 hrs. MEAN GAUGE 0.54.

Dist.fr. Depth Time Mean velo- MEAN VEL. AREA MEAN. .,  DISCEARGE
benk in in ft. Bevs. in oity in  IN SECTION SQ. DEPTH WIDTE CUSECS,
ft. . ) . secge vertical . FI/SEC. . FT, FT, FPL.. .
0.5 * Cups not covered. ' " I s T
1 03 5 70 0,20 = 0.20 0,70 0.35 2  0.140
2° ~ 0.40 10 70 0,35 i ) B o .
T ' : " 0.44 0.40 0,40 ~ 1 - 0.176
3 0,40 15° 67 0,53’ ) i ’ " ‘ )
) ' : : ' 0.68 '0.40 0.40 ° 1 .0.272
4 0.40 20° 56 . 0.82 ) : - T
) ‘ - ) 0.92 ‘0,43 0,43 ~ 1 ' 0,39
5 0.45 20 45 1.01 ’ ‘ T
L i f ) "1.13 | 0445 0,45 ° 1 -0.509
6 045 30° 54 1.25 ] ) o
) i - . 1,33 ‘0447 0.47 1 0.625
7 0.48 " 30" 48" 1.41 L L
- R 1,51 0,52 0,52 1 .0,785
8 0,55 30 42  1.61. ' ’ ) ;
j ) ' - ' 1.66 . .0055 '0.55 ' 1 -00915- :
9 0.55 40" 53" 1,70 ‘ ; T : .
‘ ' ' ) 1,70 0.58 0,53 ° 1 0,901
10 " 0.50 40" 53 1,70 T ' ' ' N
: ' ' ' ) 1.62 ‘0.5 0,58 1 ~ 0.859
1 " 0,55 40" 59 . 1,53 ’ ’ ] T
' ' ' ‘ ) 1.57 ‘0,57 0.57 1 ~ 0.898
-12 " 0,58 40" 56° .1.61 T ’ N
' ) ST 1.56 ‘0.57 0.57 1 ' 0.889.
13 = 0.55 40" 60" 1.50 S ) oo
) ] S ) T 141 0.68 0,58 1 0.818
14 T 0.60 40° 68" 1.2 - ) » .
15 0.60 50 60  1.13 1.23 0.60 0.60 ° 1 0.738
16 0.60 20 45 1.0l 1.07 0.60 0.60 1 0.622
* * 0.82 0,60 0,60 1 0.,492
17 0.60 15 57 0.62 0.55 0.65 0.68 1  0.352
18 0.65 10 57 048 0.2  0.65 0.65 1  0.208
19 085 5 6  0.21
19.5 067 3 70 0.13 0.13 0.67 0.67 1 0,087
20

TOTAL DISCHARGE 10.879
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(vii)
Oct. 14th 1954

1. GAIGE 058 Time 1355 hrs. 2...GAU 0,56 Time 15165 hrs. MEAN GAUGE 0.57

Dist.fr. Depth Time Nean vel. MEAN VEL, AREA MEAN WIDTH DISCHARGE
bank in in ft.Revs. in _  in TN SECTION SQ. DEPTH F?, CUSEGS.
't secs. vertical FT/SEC. FT., FT,
055 - 0.38 2 47 0.5 0.13 ~ 0.38 0,38 1 0,049
1 0,58 8 45 0.19 - _ _ -
- ' - 0,24 0,40 0.40 1° 0.09
2 0,42 5 46 0,28
) otz 1o 5 0.3 0,36 0.42 0,42 1  0.151
L : : 0.57 0.43 0,43 1 0,245
4 043 15 49 0.7 : |
| _ - 0,86 0,44 0,48 1 0.378
5 0.45 20 45 1.01 _ _ o
| 1,17 0.6 0.46 1 0,538
6 0.46 30 51 1,32 - ' |
1447 0.8 0,48 1 - 0,706
7 0.50 40 56  1.61
1.74 . 0.53 0.53 1  0.922
8 0.55 40 48  1.87
1,96 0.55 0.55 1 1,078
9 0.55 40 44 2,04 o
' 2,02 0.5 0.5 1 1,071
10 0.50 40 45 2,00 : A B
' - - 1,96 0.54 0,54 1 1,058
11 0,58 40 47 1,91 : C C
_ I , 1,84 0.58 0.58 1 1,067
12 0.58 20 51  1.77 | .
‘ | 1,77 0.58 0.58 1 1,027
13 0.58 40 51 1,77 |
1,69 0.59 0.59 1 - 0,997
14 0.60 40 56  1.61 |
| 1.8 0.60 0.60 1 0.888
15 0.60 30 50 1,35 -
1,22  0.61 0.61 1 0,744
16 0.62 20 42 1,08
: ~ . 0,89 0,63 0,65 1  0.561
17 0,64 15 48 0,73 062 0.55 o055 o
. .6 65 0.6 .
18 0,66 10 48 0,50 ‘ ) & 1 408
19 0,70 5 58 0.23 T
195 0.8 2 53 0.2 0.12 0.68 0,58 1  0.082

TOTAL DISCEARGE 12,313
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(viii)
Nov. 25th 1954 _

1. GATGE 0.75 Time 1403 hrs. 2. GAUGE 0.73 Time 1507 hrs. MEAN GAUGE 0.74

Dist.fr. Depth Time Mean vel. MEAN VEL. AREA MEAN WIDTE DISCEARGE
bank in in ft.RVs. in in IN SECTION SQ. DEPTE FT. CUSECS.
ft. secse, vertical FT/SEC. FT. FT.
0'05 0.55 bad - - . 0.55 0.55 1
1 0.5 = - .-
0.58 058 1
2 0.6 = - T -
; ; 0.12 0,60 0,60 1 0.072
3 0,6 5 58 0,23 i . . : .
. : 044 0,61 0,61 1 0.268
4 0062 15 55 0064 - * . *
. : 0.94 0.64 0.64 1  0.602
5 0,65 30 55 1,23 ) . : :
152 0,65 0.65 1 0,988
6 0.656 40 50 1,80
_ 1.92 0,68 0.68 1 1,306
7 0.7 40 44 2,04
_ _ _ 230 0,75 0,76 1 1,725
8 0.8 50 44  2.56 .
: _ 2,82 0,83 0.8 1 2.341
9 0.85 60 44  3.07 _ L : L
' . ' . 3.4 0.85 0.85 1 2.669
10 0.85 60 42 3,21 - S ) .o
: ‘ 3.21 0.88 0.88 1 2.825
11 0.9 60 42 3.1 T ; T :
) 3,21 0,90 0,90 1 2,889
12 0.9 60 42 3.21
. 3.8 0,90 0,90 1  2.862
13 0.9 60 43 3,14 : _ ‘ . ,
_ 2,98 0,90 0,90 1 2,682
14 0.9 60 48 2,81 : : _.
L N 2,58 0,88 0,88 1 2.270
15 0.85 50 48 2,34 i , R T
. : 2,11 0.85 0.85 1 1.794
16 0.85 40 48  1.87 . . . B
, : . 1,48 0,85 0.86 1 1,258
17 0.85 30 63 1,08 . . - .
0.75 0.85 0.85 1 -0:638
18 0,86 10 59 0.41 g
: 0,21 0.85 0.85 1 0,178
19 0,85 =~ - -
19.5 0.85 = - - 0.85 0.85 1
20 '

TOTAL DISCHARGE 27,367




. (ix)
December 11lth 1954,

1. GAUGE 0,52 Time 1418 hrs. 2. GADGE 0,52 Time 1515 hrs. MEAN GAUGE 0,52

Dist«fr. Depth Time Mean vel, MEAN VEL., AREA MEAN WIDT DISCHARGE
benk in in ft.Revs, In  in IN SECTION SQ, DEPTH FT. CUSECS,
fts . secs. vertical FI/SEC, FT. FT.
0:5 0,35 8 74 0.28 0.28 035 0,35 1 0,098
1 035 8 64 0.32
_ , o 0,39 0.36 04,36 1 0.140
2 037 8 41 0,47
0,55 037 0637 1 0.196
3 0:37 10 40 0459
_ 0.70 0.39 0.39 1 0.273
4 04 15 43 0.80 '
_ ' 0.91 - 0441 04,41 1 0,378
5 0:42 20 45 1.01 .
. 1.05 0.42 0.42 1 04441
6 042 20 42 1,08 , )
_ ) 1,16 0443 0443 1 0,499
7 0:;44 30 56 1525
) 1,34 0,48 0.48 1 0,643
8 0,562 30 47 l.44
. 1449 0.51 0.51 1 0,760
9 0;50 B0 4 1.53
: 149 0,50 0,50 1 - 0,745
10 050 30 47 1le44 :
) 1447 0.51 0,51 1 0,750
11 0:.52 30 45 1,50
] 1,51 0.52 0.52 1l 0.785
12 052 30 4 1,58 ’
1,52 0.52 0,52 1 0.790
13 052 30 45 1.50
. ' . 1,39 0,53 0.53 1l 0.737
14 0:5¢ 30 53 1.27
: . 1.18 0.54 0.52 1 0,657
15 0.54 20 42 1,08
_ 0.98 0364 0,54 1 0.529
16 0.54 20 53 0.87 '
) 0.71 0.56 0,56 1l »398
17 0.58 10 43 0.55 :
. 0%.51 0.58 0,58 1 0,296
18 0.58 10 53 0.46 :
, 0.34 0.59 0459 1 0,201
19 0.60 5 63 0.22
%325 064 = - - T - 0.64 0,64 1

TOTAL DISCHARGE 9,291
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(x)
Dec. 30th 1954.

l. GAUGE 0,51 Time 1410 hrs. 2. GAUGE 0.51 Time 1510 hrs. MEAN GAUGE 0,51

Dist.fr. Depth Time Mean vels MEAN VEL, AREA MEAN WIDTH DISCHARGE
bank in in ft. Revs. in in IN SECTIOR SQ. DEPTH FT. CUSECS.
£t. secs, vertical FI/SEC; FT. FT:
0.5 0.32 5 46 0:18 . 0:18 0.32 0:32 1 0.058
1 0332 5 50 0:26 _
_ 0336 0334 0334 1 0:l22
2 0:35 10 53 0:46
_ . 0356 035 0335 1 02196
3 035 15 52 0:67 ’ .
, 0.72 0.37 0:37 1 0:266
4 0,40 15 45 0377
_ 0.88 041 0341 1 03361
5 042 20 46 0199
_ , 1,03 042 0:42 1 03433
6 042 20 42 1:08
_ N 1:11 0:43 043 1 03477
7 044 30 60  1;13 _
3 , 1520 0:47 047 1 03564
8 0,50 30 53 1:27 , . i _
. _ 1;32 0.50 0:50 1 0:660
9 050 30 49 1:38 . ) -
_ _1:41 0:51 0351 1 0:719
10 0:52 30 47 1:44 ) _
: 1:46 0:51 0351 1 0:746
n 0.50 30 46 1;47
. , 145 0:50 0:50 1 0:725
12 0,60 30 47 1444 )
_ 1540 0s51 0:51 1 0:ins
13 0.52 30 50 1435
1:30 0s54 0354 1 0:702
1 0,56 30 54 1:256 _ ) _
1:16 0¢55 0455 1  0:638
15 0s54¢ 20 42 1.08 _ )
_ 0:94 0,54 0:54 1 0.508
16 0,54 20 59 079
: _ . 0¢67 0455 0455 1 0:369
17 056 15 65 0455 _ .
: 042 057 0:57 1 0239
18 058 5 42 0430 :
_ ' ' ‘ 0:16 - 0459 0459 1 0.089
19 0460 - - o
19¢6 . 0462 = = = = 0462 0462 1
20

TOTAL DISCHARGE 8.585.




e (x1)
March 16th .1955.

1l; GAUGE 0,86 Time 1115 hrs. 2. GAUGE 0,54 Time 1155 hrs. MEAN GAUGE 0.90

Dist.fr; Depth -  Time Mean vel. MEAN VEL. AREA MEAN WIDTE DISCHARGE
bank in in ft. Revs. in jn . IN SECTION SQ, DEPTE FT. CUSECS.
£te secss vertical FI/SEC; FT, FI.
045 068 15 56  0.63 065 068 068 1 04428
1 065 20 52 088 , | _ - _
| _ 1,08 0,68 0468 1  0.734
2 0:70 30 53 127 ' . :
' _ 131 0,78 0473 1 045956
3 075 .30 50 1435 , , ,
) o N | 146 0:75 0275 1 14095
a 0:75 30 43 157 _ _ _ ]
. . 2:25 0478 047 1 14756
5 080 60 46 2,93 , _ o
N _ 3,18 0485 086 I 25708
6 090 70 46 3443 o - _ o
. . , 3s39 0s95 0495 1 3s221
7 100 70 47 8435 o _ o
8351 1500 1500 1 33510
8 1:00 70 43 3467 ) -
9 3.8¢ 2,10 1.05 2 . 8.064
10 1;10 80 45  4:00
11 . ' ' . 3.13 2,10 1,05 2  6.578
12 1:00 50 50 2325 )
13 - - 2,50 2,00 1,00 2  5.000
14 1;00 50 41 2,74 . |
15 . - 2.78 2,00 1.00 2 5,560
16 1:00 50 40  2:81 _
_ : 2:51 1:00 1300 1 2;510
17 1:00 40 41  2:20
1:97 © 1:00 1:00 1 13970
18 100 40 52 173
o 1,32 1;00 1200 1 1:320
19 100 20 51  0.90 » S
;.9;5 1:00 10 41  0.58 0.58 1400 1:00 1  0.580
) .

TOTAL DISCHARGE  45.979




: (xii)
April 4th 1955 .

1. GAUGE 0,50 Time 1435 hrs. 2. GAUGE 0.50 Time 1550 hrs. MEAN GAUGE 0,50

Dist.fr, Depth Time Mean vel, MEAN VEL, AREA MEAN WIDTH DISCHARGE
bank in in £t, Bevs,. in - in IN SECTION SQ. DEPTH FT. CUSEGR .
ft, secs, vertical FI/SEC. FI. FI.
0W5 0.25 - - . , e . : -
1l . - - . 0.19 0.54 0.27 2 0.103
2 0.30 8 &3 037 , .
042 0,33 0.33 1l 0,139
3 0435 10 51 0:47 .
) ) 0361 0:.36 0.36 1l 0.220
4 0,37 15 A7 0:74 . ;
C 0.87 0:39 0339 1 03339
5 0,40 20 46  0.99 , ,
i 1,05 0s 0.40 1 03420
6 0,40 80 62 1,10 .
_ _ 111 0:41 0.41 1 0455
7 0:42 30 861 1:12 - .
1.15 045 045 1l 0.518
8 048 30 658 1:;17 .
1.21 0.48 0448 1l 0.581
S 0048 30 54 1.25 Co : c b
1.22 0e46 0446 1 04,561
10 0«44 30 57 1:19 _
. 1.16 047 0447 1 ° 0,545
11 0,60 30 60 1.13 . ’ : .
) 1,01 0.50 0.50 1l 0,505
12 0,50 20 82 0.88 ,
o, 0.85 0.50 0,50 1 0.425
13 . 050 20 57 0.81 . : - :
‘ . . 0.84 0,50 0,50 1l 0.420
14 0s50 20 53 087
0.90 0,50 0650 1l 0.450
15 . 0450 20 49 0.93 . " . ‘ -
_ ] ) 0.89 0.51 0,51 1 0,454
16 0s52 15 41 0:84
.o ) 077 055 0355 1 0:424
7 0,57 15 50 0470 , :
. 0462 0657 0467 1 04353
18 0,57 15 66 0:54 . )
. — : 0¢42 0:59 0459 k Oe
19 0.60 8 T0 0:29 :
%g.-s 0462 - - & - 0:15 061 061 1 0.092

TOTAL DISCHARGE T.252
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Current me'be_r measuremsnt higher upstream
April 14th 1955 '

(xiii)

1; GADGE 0335 Time 1410 hrs: 2. GADGE 0:35 Time 1510 hrs: MEAN GAUGE 0335

Dist.fr. Depth- ‘Time Mean vel., MEAN VEL. AREA MEAN WIDTH DISCHARGE

bank*in in f£t. Revs, in - in IN SECTION SQ. DEPTH FT. CUSECS,
£t secs. vertical FT/SEC. FT. FTI.
0.5 0.82 « = - 0,08 0.82 0,82 1 0,074
1 0.82 3 49 0.18
' : 0418 0,47 0.93 0.5 0.085
1.5 1.03 3 51 0.17 _
: 0.22 0,52 1.03 0.5 0.114
2 1,02 5§ 50 0.26 :
0.24 . 0,52 1,04 0.5 0,125
2.5 106 65 65 0.21 ,
_ 0.2 0,58 1.05 0.5 0.127
3 1.06 5§ 50 0.26
. 0031 0052 1.04 005 00161
3.5 1,03 10 68 0,38 -
04 0,52 1.03 0.5 0.229
4 1.03 10 48 0,52
0434 0,51 1,02 0.5 0,173
4.5 1.00 3 53 0,16
0,08 0.560 1.00 0.5 0,040
5 1.00 vo- - ad '
- 0050 looo 0.5 e
5.5 1,00 - = -
. 0.50 0,99 0.5 .=
6 0.98 - = -
645 ‘0,87 - = - - 0.87 0,87 1 - .=
7 ) : . .

TOTAL DISCHARGE 1.128
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(xiv)
May 5th 1955 ;

l. GAUGE 0,70 Time 1450 hrs. .2. GAUGE 0.66 Time 1550 hrs. MEAN GAUGE 0.68

Dist.fr. Depth Time Mean vel, MEAN VEL, AREA MEAN WIDTE DISCHARGE
bank in in ft. Revs, in in IN SECTION SQ, DEPTE FT. CUSECS,
fte secs. vertical ° FI/SEC, ~ FT. FT.
0.5 @50 10 56 " 0443 0443 ° 04,50 0,50 1l 0.215
1 0,50 10 43 0.55
' 0,68 0.51 0,51 1 0.347
2 0.,62- 20 57 0.81 . . - .
- - 1,07 0,52 0,52 1 0.556
3 0,62 30 51 1.32 - . . . )
- - S - 1,56 0.56 0,56 1 0.874
4 0.60 40 50 1.80 . ; . :
- - 2,10 0,63 0.63 1 1,323
5 0.66 50 47 2,39 - . . .
B . . 2,57 0,65 0.65 1 1,871
- . 2,71 . 0.68 0.68 1l 1.843
7 0.7 50 42 2.68 . . .
- ‘ ' - 2,75 0.76 0,75 1 2.063
8 0.80 50 40 2.81 - . - . -
- - 2.74 0.80 0,80 1 2,192
9 0.80 50 42 2.68 . . . -
: - 2,57 0.7 0,75 1l 1,928
10 0.70 50 46 2,46 . ; - T >
-~ ' - T 2 .23 0 070 0,. 70 1 1.5 61
1 0.7 40 45 2,00 - . ~
Lo - ’ - - 1.78 0.70 0,70 1 1.246
12 0070 40 58 ; 1055 b - -
- 1.51 0073 0073 1 1.102
13 0.7 30 46 1,47 - - -
1.64 0.7 0,75 1 | 1.230
18 0.75 40 50 1,80 |
1,90 0,78 0,78 1 1.482
15 0.80 40 45 2.00
" 1.98 0.80 0.80 1 1,684
16 0.80 40 46 1,96
1.90 0.80 0.80 1l 1,520
17 0.80 40 49 1.84
. 1.58 0.80 0,80 1 l.264
18 0.80 30 51 1,32
. 0.96 0.80 0,80 1 0,768
19 0.80 16 60 = 0,59
1(9).5 0.80 5 54 0.24 0.24 0.80 0.80 1l 0.192
2 .

TOTAL DISCHARGE 24.96
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Megsurement ¢. 2' upstream from gauge post (xv)
June 4th 1955

1. GAUGE 0.33 Time 1425 hrs. 2. GAUGE 0,33 Time 1450 hrs. MEAN GAUGE 0,33

Dist.fr. Depth- Time Moan vel, MEAN VEL. AREA MEAN WIDTH DISCHARGE
bank:in in £t. Revs., in - in IN SECTION SQ, DEPTHE FT, CUSER,
£t secs. vertical FI/SEC, FT. FT.
1 0040 - - - - } 0040 034.'0 1 -
: ] - - 0.42 04,42 1 ‘-
2 Ot - = - ,
- . - 045 0.45 1 -
3 045 = = - ‘ , _ ‘
‘ . . 0,06 0.48 0.48 1 0.029
4 0.50 2 62 0.1l _ ,
) _ 0.12 0.50 0,50 1 0.060
5 050 2 50 0.3 ) , )
] » o 0,16 0,51 0,51 1 0,082
6 0.62 3 43  0.19 : ,
) _ 0.19 0.564 0,54 1 0.103
7 0,55 3 46 0.18
. . 0.22 0,58 0,58 1 0,128
8 0,60 5 51 0.26 _ _
. - 0.25 0.60 0,60 1 0.150
9 0.60 5 b4 0.24
, 0.16 0.0 0,60 1 0.096
10 0,60 2 70 0.10 ‘ .
) ) 0.05 0.60 0.60 1 0.030
11 0060 - - - . . .
) ,, - 0.60 0.60 1 -
12 0.60 = = - ; |
- 0.09 0.60 0,60 1l 0.054
13 0.60 3 48 0.18
_ , 0.09 0,61 0,61 1 0,056
14 0.62 - - -
. - 0.66 0.66 1 V-
15 0.70 - = - _. )
R N - 0.68 0068 1 -
16 0.66 - = - . ’
,, - 0.68 0,68 1 -
17 0,70 = = - ] ‘_ _
- 0,70 0,70 1 -
18

TOTAL DISCHARGE 0,787
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(xvi)

Measurement 2' upstream of gauge post
June 11th 1955 : '

1. GAUGE 0;36'Tﬁma 1450 hrs. 2. GAUGE 0,36 Tﬁhe 1520 hrs. MEAN BAUGE 0.36

Dist.fr, Depth Time Mean vel, MEAN VEL, AREA MEAN WIDTH DISCHARGE

bank in in ft. Revs, in in  IN SECTION SQ. DEPTH FF, CUSECS,
fte secs, vertical FI/SEC. FT., PFT.
1 0.45 - . - - -
2 0.52 - - -
3 0.52 - - - i
4 0.57 - - - ) i
5 0,54 - - - ‘ * ) N
) 0.15 0.57 0.57 1 0.086
6 0.60 5 42 0.30 T ’ h : i
* 0.26 0,58 0,58 1 0.151
7 0.56 3 40 0.21 ' : ‘ )
‘ 0.24 0.59 0459 1 0.142
8 0.62 5 48 0.27 ' ° ) )
' ' ) 0.14 0,62 0.62 1l 0.087
9 0.62 - - - - . " - -
10 0.67 - - -
11 0067 - Lol - b
2 0.65 - - -
14 0.65 - - - ’ ..
15 0.72 - - - " .
16 0.68 - - - ”
17 0064 - - - -
18 )

TOTAL DISCHARGE 0.4686
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(xvii)
Measurement higher upstream

June 1llth 1955

GADGE 0.36
Dist,.fr. Depth ‘Time Mean vel. MEAN VEL, AREA MEAN WIDTH DISCHARGE
bank in in ft. Revs. in in . IN SECTION §Q., DEPTH FT, CUSECS.
f'b. - ' SG_GB ° 'varjica.l FVSEG. FT. FT.
0.5 0,88 & = s -
1 0094 - - -
1.5 0,97 - = -
2 0,97 - - - . - -
2.5 0.97 - = - . S .
. : . 0.15  0.49 0.97 0,5 0,074
3 097 5 44  0.29 : . : ' .
3 E . ) M 0035 005 1.00 0.5 00175
345 1,02 8 48 0.1 . . . .o
b * . 0.59 0051 1.02 0'05 00199
4 102 8 52  0.37 . ) . e
; - - - 0.19 0.52 1.04 0.5 0.099
4.5 1.06 =~ = - -
5 1,02 - - - -
5.5 102 - - - -
6 1,08 = - - -~
6.5 1.00 - - - -
7 0.65 - - -

s mvt——

TOTAL DISCHARGE 0.547

TeS ST
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(xviid)
July 3rd 1955

1. GADGE 0,75 Time 1315 hrs. 2. GAUGE 0.69 Time 1410 hrs. MEAN GAUGE 0,72

Dist.fr. Depth Time Mean vel. MEAN VEL, AREA MEAN WIDTH DISCHARGE
bank in' in £t. Revs, in in  IN SECTION SQ. DEPTH FT. CUSECS,
£t secs. vertical FT/SBC, FT. FT,
0.5 0.54. 8. 49 0,40 0,40 0,64 0.54 1 0.216 .
1. 0,62 15 52 . 0.67 : - .
0.83 0,54 0.54 1  0.448
2 0.56 20 46  0.99 ‘ _
: © - 1.26 0,58 0,58 1 0,731
3 0.60 30 44 1,53 ,
1,77 0.63 0.63 1 1,115
4 0.66 40 45 2,00 '
2,25  0.68 0,68 1 1,516
5 0.70 50 46 2,45
| 2.5 0,72 0,72 1 1,829
6 0.74 50 43 2/62
. 2,89 0.75 0,75 1 1,943
7 0.76 50 44 256 _ : |
o | 2,62 - 0,78 0.78 1 2,044
8 0.80 50 42  2.68 o S
. ' | _ 2,75  0.80 0,80 1 24,200
9 - 0,80 60 48  2.81 , L .
2,66 0,80 0.80 1 23,128
10 0.80 * 50 45 2,50 - - _ .
. | 2,23 0.80 0.80 . 1 1,784
11 0.80 40 46 1,96
3 _ I.67 0,78 0.78. ‘1 1,303
12 W76 30 49 1,38 _ - : .
' 1,30 0.76 0.76° 1 0,988
13 - 0.76 30 56 1,21 -
, I.61 0,78 0.78 1 1,256
1 0.80 40 45 2,00
: ] 2,00 0.80 0.80. 1 1,600
15 0.80 40 45 2,00
L 1.0 0.80 0.80 1 1,520
16 0.80 40 50  1.80 ‘
- 1,64 0.82 0.82 1 1,345
17 0.84 30 46  1.47 <
1.22  0.82 0.82 1  1.000
18 0.80 20 47  0.97 _ -
0.61 0.80 0,80 1.. 0,488
19 0.80 5 5 0.2 0.2 0,40 0.80 0.5 0,048
19.5 0.80 - = - -
20

TOTAL DISCHARGE 25,502
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(xix)
July 4th 1955

1. GAUGE 0,68 Time 0920 hrs. 2, GAUGE 0,66 Time 1010 hrs. MEAN GAUGE 0.67

Dist.fr. Depth Time Méan vel, MEAN VEL, AREA MEAN WIDTH DISCHARGE
bank in in ft. Revs. in in IN SECTION SQ. DEPTH FT. CUSECS.
fteo secs. vertical FT/SEC, FT. FIT.
0.5 0.47 8 51 0,39 0.39 047 047 1 0.183
1 044 15 54 0,65 _ . _ )
] _ ' 0,81 0,46 046 1 0,373
2 048 20 47 0,97 ) )
) . 1,18 0,49 0449 1 0,578
3 0,50 30 49 1,38 ) ] .
‘ . , 1,54 0,52 0,52 1 0,801
4 0,54 30 40 1,69 , ) ) .
- _ . 1.87 0,54 0,54 1 1,010
5 0.54 40 44 2,08 . ) .
A _ 2,15 0,56 0.56 1 1,204
6 0.58 50 50 2,25 o ) . )
. 2,25 0.59 0,59 1 1,328
7 0,60 40 40 - 2,25 y . . |
, ‘ 2,28 0,63 0663 1 14436
8 0.66 50 49 2,30 7 . E o
. _ 2,32 0,68 0,68 1 1,578
9 0.70 50 48 2,34 ) . . ]
- o 2,27 0,68 068 1 1,54
10 0.66 40 41 2,20 , . _ o
o N 2,02 0,66 0,66 1 1,333
11 0.66 40 49 1,84 . ] _
- . i 149 0,66 0.66 1  0.983
12 0,66 30 60 1,13 e
) . 1.19 0.68 068 1 0,809
13 0.70 30 54 1.25 . ) | i
) ] 1435 0,70 0,700 1  0.945
14 ‘0,70 30 47  1.44 _ |
i o _ 169 0,70 0,70 1 1,13
15 0.70 40 52 1.73 ‘ ] ﬂ
. o 1.69 0,70 0,70 1 1,183
16 0.70 30 41 1,65 I _
, _ - 1.9 0,72 0.72 1 1,145
17 0,74 30 4 1,58 ) | ‘ |
] 3 : 125 0,74 0.74 1 0.925
18 0.74 20 4T 0,97 _ _ _ _
2 o | ] 0,62 0,75 0.75 1 0,465
] ’,76. 5 4T 0.1 0.14 0,38 0.76 0.5 0,053
19.5 0,76 = = -
20

TOPAL DISCHARGE 18.989




(xx)
Jan. 5th 1956

l., GAUEE 0,45 Time 1040 hrs. 2. GAUGE 0.45 Time 1135 hrs. MEAN GAUGE Q.45

Dist.fr. Depth Time Moan vel., MEAN VEL. AREA MEAN WIDTH DISCEARGE
bank in in ft. Bevs. in in = IN SECTION SQ, DEPTM PFT. CUSECS,
£t secs. vertical FI/SEC. FPFT, FT.
0.5 0.28 =~ - -
1 0028 - - lad
2 0.30 8 50 0,39 '
9.43 © 0,30 0,30 1  0.129
3 0,30 8 42 0,46
0.82 0.32 0,32 1 0.166
4 0.34 15 62 0,57 ' _
. 0.60 0.34 0.3 1 0,204
5 0.34 15 _57 0,62
0.66 037 037 1 0.244
6 040 15 51  0.69
0.7  0.41 0,41 1 0,299
7 042 156 46 0.76 : .
0.78 0.42 042 1  0.328
8 042 15 43 0,80
' : 0.80 0441 0441 1 0,328
9 0,400 15 44  0.79 '
0,77 0.42 042 1  0.323
10 04 15 46 0.76
' 0.70 044 0.4 1 0.308
11 044 15 55 0.64
0,63 0444 0,44 1 0,277
12 044 15 58 0,61
. ' ' 0,60 043 043 1  0.258
13 042 15 61  0.868 .
. : 060 0a43 043 1  0.258
14 044 15 56  0.63 oo .
15 044 10 42  0.56 :
. 0.5 0u45 045 1 0.238
18 046 10 49 . 0.49
0.46 04,46 0,46 1 0.212
17 046 8 46 0,42
: 0,39 0448 0,48 1 0,187
18 0,50 8 55 0,36
. 0.28 0,51 0,51 1  0.143
19 0,52 5 69 0420 , '
%g.s 0,50 5 67 0,20 0,20 0450 0,50 1 0,100

TOTAL DISCHARGE 4,382
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(x=xi)

Middlehope Burn, Rating Table

- -

Prom the curve log Q = 1.458 log (G ~ 0.33) + log 99.3

log : R '
G -Ga (G-E) logQ - Q G G-a - (1°8)« log @ Q
0.33 © 0 0. 0 0.656 0,32 1.5056 1.273 18,750

0.34 0,01 2.000 1.078. 0.120 0.66 0.33 1.519 1.295 19.724
0,35 0,02 2.301 1.518 0.330 0.67 0.84 1,531 1,312 20.512
0.36 0,03 2.477 1.773° 0.593 0.68 0.35 1.544 1,331 21.429
0.37 0.04 2.602 1.957 0.906 0.69 0,36 1.556 1.349 22.336
0.38 0,05 2.699 0,100 1.259- 0,70 0.37 1.568 1.367 25.28
0.39 0.06 2,778 0.215 1.641 0.71 0.38 1.580 1.385 24,155
0.40 0.07 2.845 0.310 2,042 0.72 0.39 1.591 1.400 25.119
- 0,41 0,08 2.903 0,397 2.495 O0.73 0,40 1.602 1.417 26.112
0.42 0,09 2.954 0.470 2.951 0,74 0.41 1.613 1.433 27.102
0.43 0,10 1.000 0,537 3,443 0.75 0,42 1.623 1.445 27.861
0444 0,11 1.041 0,598 3.963 0.76 0.43 1.633 1.461 28.907
0445 0,12 1.079 0.652 4.487 0.77 O.44 1.645 1.488 30.761
0.46 0.13 1.114 0.703 5.047 0.78 0.45 1.655 1.491 30.974
0.47 0,14 1.146 0.751 5.636 0.79 0,46 1.663 1.506 32.063
0.48 0.15 1.176 0.795 6.237 0.80 0.47 1.672 1.517 32.885
0.49 0.16 1,204 0.8355 6.839 0,81 0,48 1.681 1.532 34,041
0,50 0,17 1.230 0.875 7.497 0.82 0.49 1.690 1.544 54,995
0.51 0.18 1.255 0,910 8.128 0.85 0,50 1.699 1.568 36.141
0.52 0,19 1.279 0.945 8.811 0,84 0,51 1.708 1.571 57.239
0.53 0.20 1,301 0.976 9.462 0.85 0,52 1,716 1.583 38.282
0.54 0.21 1.322 1,005 10.116 0.86 0.55 1,724 1.593 39.174
0,55 0422 1.342 1,035 10,839 0.87 0,54 1.732 1.604 40.179
0.56 0,23 1.362 1,065 11.614 0.88 0,55 1.740 1.617 41.400
0.57 0.24 1.380 1.091 12,331 0,89 0,56 1,748 1.630 42.658
0458 0,285 1,398 1,120 13,185 0,90 '0.57 1.756 1.641 43,750
0459 0426 1,415 1,143 13,900 0,91 0,58 1.765 1.652 44.875
0460 0,27 1.431 1.166 14.655 0.92 0,59 1.771 1.563 46.026
0.61 0.28 1,447 1,190 15,488 0,93 0,60 1,778 1.673 47.098
0.62 0,29 1.462 1.212 16.293 0.94 0.61 1.785 1.682 48.084
0465 0,30 1,477 1.258 17.100 0,95 0.62 1.792 1.693 49.317
0464 0,51 1.491 1.253 17.906 0,96 0.63 1.799 1.703 50.468

- v -

" Table continuéd overleaf °



Middlehope Burn. Rating Teble coft.

1.18 0,85

1,929

1.893

(xxii)

78.16

¢ Ga (% Q@ @ ¢ Ga (3% lgQ@
0.97 0.64 1.806 1.714 51.761 1.19 086" 1,934 1.901 79.62
0.98 0,65 '1.813 1,725 53.088 1.20 0,87 1,940 1,910 81l.28
0.99 0,66 1,820 1,734 54.200 1,21 0.88 1.944 1,916 82.41°
1.00 0.67 1.826 1,743 55,34 1,22 0,89 1,949 1,922 83,56
1.01 0.68 1,833 1,758 56.62 1423 0,90 1,954 1,930 .85.11
1.02 0,69 1,839 1.762 57.81 . ; . .. oo
1003 0070 1.845 10771 59.02 . '1025 0092 10964 1.94:5 '88011
1.02 0,71 1.851 1,780 60,26 . . . .
1,05 0.72 1.857 1.788 61,38 .1.35 1,02 0,008 2,011 -102,57
1.06 0,73 1.863 1.797. 62,66 . . . - .

1.07 0,74 1.869 1.806 63.97 -1.40 1,07 0,029 2,040 109.65
1,08 0,76 1.875 1.814 65.16 1443 1.10 0,041 2.057 114.02
1.09 0,76 1,881 1.823 66.53 ; .o . .
1.10 0,77 1,886 1.832 67,92 -1.60 1,27 0,104 2,148 140.60
1.11 0078 1.892 1.839 69.02 - . . ‘ . -
1.12 0,79 1,898 1.849 . 70.63 -1,63 1,30 0.114 2,163 145,56
1.13 0080 1,908 1.857 71,95 . . . . _—
1.14 0.81 1.908 1.863 72.95 -1.80 1,47 0.167 2.240 173.T8
1,15 0,82 1,914 1.872 74.47 L Lo I

2630 1,97 0.294 2.423 264.85




(xx:l.ii)

The Runoff Caloculations

APRIL 1954 - . mx 1954 C e

DAY STAGE "DISCHARGE MEAN DIS- DaY STA@ -DISCHARGE MEAN DIS-

: FEET * CUSECGS  CEHARGE - FEET - CUSECS CEARGE
S - CGUSEC.DAYS - - - . CUSEC.DAYS

1 043 ., 3444 297 1 0436 0433 14,09
2 0,41 . .2.49 3.23 -2 0.7 . 27.86 53,01
3 044, 3.96 - 5.40 3 1,18  T8.16 44.89
4 049 .6.84 5.14 4 0.5  11.61 8.05
5 043 | 3.44 3,70 5 045 , 4,49 - 87,07
6. ,0.44, 3.96 3423 6 1,40 109.65 60.63
7 0.41. 2.9 . 2.27 - T .0.56. 11.61 8.05
8 .040, .2.04 1.84 8 0.45 4,49 3.27
9 .0.39 , 164 = 1445 9 ,0.40 | -1 2,08 - 1.84
10 .0.38, . 1.26 . - 1426 10 0.39 1.64 1.45
11 .0.38 , 1.26 1,26 11 0,38 . - 126 - 1,09
2 ,0.38 , 1.26 1.09 12 0.37 0.91 0.91
13 0.37 0.91 0.75 13 . 0037 .. 0.9_1 ' . 0_.91
4 0,36 , 0.69 0.59 14 0.37 0.91 1.47
15 0.36 0.859 0.59 15 0.40 2,04 1.47
16 . 0.36 0.59 0.59 16 0.37 0.91 0.91
17 0.36° 0.59 - 089 17 0,37 ° 0,91 0.7
18 0.36 . 0.59 0.59 18 0.36 0.59 0.59
19 0.36 0.59 0.46 1° 0.36 0.59 0.46
20 0.35 0.33 0.33 20 0.85 0633 0,35
el 0.35 0.33 0,33 21 0,35 0,33 1.19
22 0,35 0.33 0.33 22 ' 0.40 2,04 3.27
23 0435 0.33 - 0488 28 0.45 4.49 8427
24 0,356 @ 0,33 + 0438, 24 0.40 2,04 8.35
25 0,35 0.33 0,33 25 0.60 14,65 9.30
26 035 0,38 0.23 26 0.44 3.96 3.00
27 0,34 0.12 0.12 27 0.,40 2.04 3.84
28 0.34 0.12 0.12 28 . 0,47 5:64 20.51
29 0.34 0.12 0.12 29 0.82 34.99 20.91
30 0.34 0.12 0.23 - 30 0.49 6.84 4.89
May : June '
I1st 0.35 0.33 1st 0,39 1.64

TOTAL 39.80 : 341,86



The Runoff C_a.lcula.tions

JUNE 1954

JULY 1954

(xxiv)

DAY STAG DISCHARGE MESN DIS- DAY STAGE DISCHARGE MEAN DIS-

FEET CUSECS  CHARGE FEET CUSECS  CHARGE
: CUSEC.DAYS CUSEC,.DAYS

1 0.39 1.64 1.45 1 0.35 0.33 . 0433
2 0.38 1.26 1.09 2 0.36 0.33 0.33
3 0.37 0.91 091 38 0.35 0,33 0.62
4 0.37 0.91 0.76 4 0.37 0.91 6.26
5 0.36 0,59 0.59 5 0.56 11,61 6.63
6 0236 0.59 0.59 6 039 1,64 111
7 0.36 0.59 111 7 0.36 0.59 0.46
8 0.39 1.64 1,84 8 0.35 0,33 0433
9 0.40 2,02 5.43 9 0.35 0,33 0433
10 0,52 8.81 5.88 10 0.35 0,33 0.23
11 042  2.95 210 11 0.34 0.12 0.12
12 0.38 1.26 1.09 12 0.34 0.12 0.12
13 0.37 0.91 0.76 13 0,34 0,12 0.23
14 0,36 0.59 0.59 14 035 0.33 0.23
15  0.36 0.59 5.71 16 034 0.12 0.08
16 0.55 10.84 644 16  0.33 - -
17 0.40 2.04 1,65 17  0.33 - 0.06
18 0.38 1.26 1.09 18 0.34 0.12 0,06
19  0:37 0.91 0.75 19  0.33 - -
20 0:36 0,59 0.75 20 0.33 - -
21 0.37 0391 0.981 21 0.33 - -
22  0:37 0:81 0.75 22 0.33 - 0,06
25 0.36 0.59 0.46 25 0.34 0.12 0,23
24 0.35 0.33 0.46 24 0.35 0.33 0.23
25  0.36 0.59 0.93 25 0,34 0.12 0.06
26 0,38 1.26 - 2,10 26 0,33 - 0.17
27 0.2 2,95 2.95 27 0,35 0,33 4.23
28 0.42 2,95 1.93 28  0.51 8.13 4,89
29  0.37 0.91 0,75 29  0.39 1,64 1,11
30 0.36 0.59 0,46 380  0.36 0,59 0.46

: : ' 31  0.35 0,33 0.28
July august - ' o
st 0,35 0.33 1sb 0,34 0.12
TOTAL 29:18

5226




The Runoff Calculstions

(xxv)

AIGUST 1954 SEPIEMEER 1954
DAY ©STAGE DISCHARGE MEAN DIS- DAY STAGE DISCHARGE MEAN DIS=-
FEET CUSECS  CHARGE FEET CUSECS  CHARGE .
CUSEC.DAYS CUSEC.DAYS

1 0.34 0.12 0.12 1 0.38 1.26 1.09
2 0.54 0.12 0.06 2 0.37 0.91 0,91
3 0,33 - - 3 0.37 0.91 " 0491
4 0.33 T e 0,17 4 0,37 0.91 0.75
6 047 b.64 3.1 6 0.36 0.59 0.75
7 0.36 0.59 0.756 7 037 0.91 0.7
8 0,37 0,81 0.62 8 0.36 0.59 0,76
9 0,35 0633 1.64 9 0,37 0.91 1.95
10 0.42 Q.95 4,00 10 ~ 0.42 2.95 8.80
11 0.46 5.06 2.82 11 0.60 14,65 9,567
12 0.36 0.59 0.76 12 0.46 4.49 5.07
13 0,37 0,91 0462 13 0.87  5.88 ,  4.5¢
14 0.35 0,33 0.23 14 0,43 3edsd 344
15 0,34 0.12 2.04 15 0443 S3s44 33670
16 O.44 3.96 Be45 16 1.07 '63.97 56,71
17 0442 2,95 88.37 17 0.53 9:46 <86
18 1.80 173.78 96,75 18 0.48 6324 +84
19 0.66 19,72 66 .87 1 0443 Se44 14328

20 1.4 114,02 80,56 20 0.72 26312 18.73
21 0.93 47.10 66 .10 21 0.57 12,33 9491
22 1,23 85.11 59.10 22 0.50 7.50 b.78
23 0.80 52 .89 44,11 25 0.4 3.96 7.04
24 1,00 55 54 54,26 24 0.54 10:12 18.61
25 0.58 13.18 10,34 25 0.7 27,10 17.30

26 0.850 7.50 5.99 26 0,50 7450 6.87
27 0445 4,49 3.72 27 . 0.48 6424 5.65
28 0,42 2.95 249 28 0.46 8.05 4,50
29 0.40 2,04 2.04 29 0.44 3496 1223
30 0.40 2.04 1.84 30 0.67 20,51 13,67
31 0,39 1.64 1.45 :

Sept. Oct.
1st 0.38 1.26 st 0,49 6.84
TOTAL 587.26 257.47




(xxwi)

The Funoff ‘_Qalcula'bions

OCTOBER 1954 " . NOVEMBER 1954
DAY @STAGE DISCHARGE MEAW DIS- DAY STAGE DISCHARGE MEAN DIS-
FEET CUSECGS CHARGE - FEET  CUSECS CEARGE
CUSEC.DAYS ' CUSEC.DAYS

1 0.49 6.84 8,15 1 0.68 21.43 14,47
2 0.53 . 9.46 7.55- 2 0.50 7.50 7.17
S 047 5.64 10,97 3 0.49 6.84 5.95
4 0.62 16.29 12,21 4 0.46 5.05 4.77
5 0.51 8413 10,23 5 0.45 4,49 39.48
6 0.587 12,33 8.69 6 1.16 = T4.47 46,19
7 0.46 5.05 5.05 7 0.64 17.91 13.02

'8 0.46 5.05 44,25 8 0.51 8.13 12.21
9 043 . 344 3.9 9 0.62 16.29 12.87
10 0.42 2.95 2,95 10 0.55 9446 © 15.45
11 042 . 2,95 2.72 11 0.68 21.43 21.43
12 041 2449 249 12 0.68 21.45 16.62
13 0441 2.49 15.81 13 0.56 11.61 12,39
14 0.72 25.12 21,93 14 0.58 15.18 10.01
15 0465 18,75 18,75 15 0.49 6.84 6.54
16 0.656  1B,.,75 48.45 16 0.48 6424 537
17 1.18 78416 83.13 17 0.45 4.49 4.49
18 1,25 88.11 81l.29 - 18 04,45 4,49 4,49
19 1,15 74.47 43 A0 18 045 4.49 4,23
20 0,57 12,33 9.9 20 ' 0.44 3.96: 3.96
21 0,50 ~ 7.50 7.50 21 0.44 3.96 5.73
22 0450 7,50 6.57 22 0.50 7.50 9.55.
23 047 5.64 57.65 23 0.56 11.61 18,37
24 1,40 109,65 65.78 24 0.12 26.12 = 46.52
25 0.64 17.91 13.02 25 1.10 67.92 39.02.
26 0.51 8.13 29,50 26 0.54 10.12 24.20
27 0.96 50,47 42 .25 e7 0.85 38.28 46.81
28 0.81 54,04 89.79 28 1.00 55 .34 32.7%
29 1.65 145.55 81,73 29 0.54 10.12 18.61
30 0.64 17.51 14,76 30 0.74 27 .10' 29,03
31 0.56 © 11.61 16.52 . : C

Nov. 4 _ » Dec.
st . 0.68 21,43 st 0,78 30,97

TOTAL 821,99 581.58"



(xxvii)

The Runoff Calculations

DECEMBER 1954 JANUARY 1855
DAY STAGE DISCHARGE MEAN DIS- DAY STAGE DISCHARGE MEAN DIS~
FEET COSECS  CHARGE FEET CUSECS  CHARGB
CUSEC,DAYS CUSEC.DAYS
1 0.78 30,97 85..79 1 0..46 5..05 4.51
2 1.60 140,60 8147 2 0..44 3..96 3..86
3 0.69 22.34 36..40 3 0.44 3..96 3..70
4 " 0..96 50.47 33.38 4 0.43 3..44 3.70
5 . 0.62 16.29 12,87 5 0.44 3..96 3..70
‘6 0.53 9.46 . 7«65 L] 043 S.444 3.¢19
7 0.47. 5.64 5.07 7 0.42 2.95 2..95
8 0.45 4.49 5,99 8 0.42 2,95 2.49
9 0.50 7..50 11..89 9 - 0,40 2.04 133..45
10 0.62 16.29 13.,57 10 2.30 264 85 139 01
11 0,55 10.84 7467 11 0.58 13..18 9.41
12 0.45 4,49 10,39 12 0.47 5.64 5.07
13 0.62 16.29 © 11,57 13 0.45 4,49 3..97
142 0..49 6.84 . 23.01 ‘14 0.43 S..44 3..19
16 0.86 39..17 24,66 ‘15 0.42 2.95 2,72
168 0.54 10.12 12,39 16 0.41 2.49 2..49
17 0,60 14,656 11.07 17 0.41 2.49 2,427
‘18 0..50 . 7450 21.82 18 0.40 204 1.84
19 0.83 36.14 23.87 19 0.39 l.64 l.64
20 0.56 11.61 10.21 20 0.39 1.64 1,64
21 0.52 8.81 8447 21 0.39 1.64 6.e24
22 0.51 8,13 16.63 22 0.55 1C.84 11.59
24 0.6  5.05 11..80 24 0.52  8.81 27.42
25 0.65 18,75 22.93 25 0.92 46,03 30.54
26 0.74 27.10 18.61 26 0.60 14,65 11.07
87 0.54 10,12 11.23 27 0.50 7..50 . 9491
28 0.57 12,33 17,33 28 0.57 12,33 ‘2165
29 0.69 22.34 15.57 29 0.78 30.97 29,03
30 0.52 8.81 7.83 30 0.74 27.10 19.35
J5l 0448 624 5.65 31 0.56 11.61 9455
an. . - . - - .
st 0.6 5.06 . FebJdst 0.50 7.50

———
- L

601.57 521.62



(xxviii)

The Runoff Calculations

FEBRUARY 1956 . MARCE 1955
DAY STAGE DISCHARGE MEAN DIS- DAY STAGE DISCHARGE MEAN DIS-
- FEET CUSEC8  CHARGE FEET CUSECS CEARGE
CUSEC,.DAYS - CUSEC.DAYS
1l 0.50 7.50 11.89 1 0.36 0.59 0.59
2 0,62 16.29 11,27 2 0.36 0.59 0.93
3 0.48 6.24 ~  8.18 3 0.38 1,26 . 1.26
4 0.54 10.12 11.23 4 0.38 1.26 2.11
5 0.57 12,33 8.99 5 0.42 2,95 2429
6 0.47 5.64 4,29 6 0.39 1.64 145
7 0,42 2.95 29,15 7 0.38 1.26 3.26
8 1,00 55,3 33,88 8 0,58  1.26 1.26
9 0457 12,33 8499 9 0.38 1.26 " 1426
10 0.47 "5 464 4,29 10 0.38 .. 1,26 " 1,87
11 0.42 2.95 3.19 n O.41 2,49 3449
12 0.43 Sed4 "3ed4 12 0.45 4,49 3.T2
13 0443 Sed4 "2.97 13 0.42 2.95 3.72
14 0.41 249 2449 14 0.45 4.49 731
15 0.41 2.49 2,27 15 0.54 10.12 18,99
16 0.40 2.04 2.04 16 0.75 27.86 17.99
17 0440 2,04 2.04 17 0.51 8.13 5.79
18 0.0 2.04 - 1.84 18 0,45 5.4 3.19
19 0,59 1.64 1.64 19 0.42 2495 2.72
20 0.39 1,64 1.64 20 0.41 2,49 2497
21 0,39 1,64 1,45 el 0.43 3444 2454
22 0.38 1426 1426 22 039 1,64 l.64
23 0.38 1.26 1,26 23 0439 1464 7«41
24 0,58 1.26 1,26 24 0.58 15.18 29,61
25 0.38 1.26 1,26 25 0.92 46,03 3l.16
26 0.38 1.26 1409 26 0.62 16,29 - 1189
27 0,37 0.91 0.91 27 0.50 7.50 627
28 0.37 . 0.91 0.75 28 0.46 5,05 4,77
. . . . 29 0445 - 4449 3.07
; 30 0,39 1464 .le84
M. . . . 51 0040 2.04 2049
+1st  0.36 0.59 aprdst 0.42 2,95

TOTAL 164.91 186.86

- N
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Computation of the Tremd of Burnhope Precipitetion
by the Method of least Squares

YEAR PRECIP. ORDER ™. Tz YEAR PRECIP, ORDER I.P. 1‘2
Is. P T T INg. P, T
1903 78 .26 0 -0 0 1928 64,96 25 1624,00 625
1904 44.28 1 44 .28 1 1929 43.95 26° 1142,70 676
1905 41.35 2 82,70 4 1930 60.20 27 1625.40 729
1906 50,91 3 152,73 .- 9 1931 51,19 28 1433.32 . 784
1507 652,79 4 211.16 16 1932 54,44 29 1578.76 841
1908 47.66 5 258.30 25 1935 40.75 30 1222,50 900
1909 54.83 6. 328.98 - 36 1934 656,80 31 1760,80- 961
1910 &3.56 7- 374.92 - -49 1955 56.91 32 1821.12- 1024
1911 53.99 8. 431,92 - 64 1936 59.35 33 1958.55- 1089
1912 53.04 9. 477.36 - -81 1937 45.43 34 1544.62- 1156
1913 52.08 10. 520,80 - 100 1938 60465 35 2122,75- 1225
19]4 59.85 11. 658,35 - 121 1939 65.65 86 2003.40- 1296
.19156 4131 12. 495,72 - 144 1940 46,33 37 1714.21 1369
1916 * 71.94 15. 935.22 - 169 1941 41.79 38 1588.02- 1444
1917 55.66 4. 779.24 - 196 1942 45.41 39 1770.99- 1521
1918 54.47 15- B817.05 - 225 1943 52,68 40 2107.20- 1600
1919 48.34 16 - T7T3.44 - 256 1944 54,28 41 2225.48- 1681
1920 54,96 17. 934,32 . 289 1945 46,13 42 1937.46- 1764
1921 47.88 18. 861.84 - 324 1946 54,41 43 2339.63- ‘1849
1922 45.52 19. 864,88 - 561 1947 "55.75 4  2458,00 - 1936
1925 53,48 20. 1069.60. 400 1948 60.97 45 2743.65- 2025
1924 49.28 2l- 1034.88. 441 1949 50.87 46 2340,02- 2118
1925 56,33 22. 1239.,26- 484 1950 b58.85 47 27665.95- 2209
1926 51.49 23. 1184.27- 529 1951 659.29 48 2845.92: 2304
1927 59.16 24. 1419.84- 576 1952 51,32 49 2514.68- 2401

2660.78 1226 65,115.19 40,425

Ecyl. S.P . N:a.:-r bET ) -
Eyd. [ ETP- aET « BET: -
ie. (O abeo: 73 . §0a +1325b -
( 6sus 19q - l:nSm-runn,:.sb
Muttighy (1) WS ’
Then LSIRY -1 » llﬁSa. +3001%" Sb : ' )
Eqb) -Eql) 73942 = — [OLILSH -, )
- . b~ 00077099 . )
a = b0 18 — (\Las)L-o‘-oo'k‘\q)
_ So R
: §3-3%45

e

. P = §339 —o0-00771

Foe T:O , P £3.39
For =T :50, v S?rOH- '
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Monthly Precipitation. Burrhope 1903-1952

Month Max, year = Min, year ;lﬁ_ag_n; ' SW deviation
Jem. T 15.721%48 1,57 1920  6.18° . 2.60°
Feb. © 12181908 . 0.29 1521 . 4.85°  2.52°
Mar, °  11.67 1909 0.4 1920  4.35° 2.49°
April © 10.95 1947 ©  0.971912 5.64° . 1.81°
May . ' . 7.121820 © | 0,72 122 5.0¢° 140’
Jme . 6.871s48 ° 0,915 2.78° . 1.64°
July ' . 6.251830 ' ' 0.57 1911  3.48°  140°
Augast ., 9.55 1880 ©  0.21 1947 a2’ 2.10°
Sept. ' . 11.251918° °  0.36 1920 3.82° 2.19°
Octe '  15.28 1905 = 0,98 1815  5.52° .. 2,78
Nov. . ' 12,02 151 ° 1.04 1945 . 5.58° .  2.58°
Dec. .° 15.34 1914 . 1,52 1983  6.57 .  2.72"

fbsolute’ 13,72 Jan.1948 ~ 0.19 June 1925

ME AN 10.68 . 0,72 4,43
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Exazz_xples of runoff data from the Burnhope Reservoir Records

I 1957
Week RESERVOIR  DIFFE- CON- COMPEN- CATCEFATEES
ending BEEIGET MILL. RENCE ~ SUMED SATION TOTAL
. G‘ms. +°r ". 'MIIL. MIIII_I- N s m
' GALIS. GALIS. ' OFF
Dec. 4 =12'9" 1036 6.0 49,111 .17.387 - - 7248
" 11 -14%3% 1002  -34.0 48.106 15.71256 - =  30.818 -
" 18 -15'104" 965  «37.0 49.070 14.875 = - 26,945
" o25  -2i7%" 1275  310,0 49.454 55.875 @ - - 415.329
II 1951 ’ )
Yoy 5 1" 1359,3732 B.37R 44,697 98.980 35.050 28,290 88,710
" 32 4" 1358,1866 ~1.186630.141:123.035 47.600 28,890 75.499

" 19  Full 1357.0 -=1,1866 10499 26,547 13.685 0.995 21,199
T 28 w4 1347.0 =100 32.479 25.968 16.130 5.235 27.082
June 2 “5" 1344.0 =B.0 42,905 65.585 35.650 17.785 52.055




