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6 Appendices, 2 Graphs and 1 Map to F. Hudleston, "Floods." 

"A"—Rainfall in inches and in percentages of an average 
year's rainfall. 

"B"—Thirlmere "graph" of Rainfall and Run-Offs used as 
basis of calculations. 

"C"—Calculated discharge of water at Portinscale. 

"D"—Calculated discharge of water at Ouse Bridge. 
(with longitudinal section of the River there). 

"E"—Calculated discharge of water at Cockermouth. 
(with longitudinal section of the River there). 

"F"—Calculated discharge of water of the River Greta at 
Bull-field Corner. 

and two graphs called No. 9 and No. 6 and a Map of the 
Isohyetal lines in the Derwent River Catchment. 



RIVER DERWENT CATCHMENT BOARD 

It is barely a hundred years since the artificial draining of Agricultural land in 
Great Britain was systematically taken in hand because the growth of population 
increased the demand for food. At first everybody concerned put his energies into 
"field drainage" while the effect upon main rivers was not considered, but as time 
went on and towns absorbed all the increase in population (which is now four times 
as great as that of 1811) the effect of Land Drainage became evident, and floods of 
the greater rivers grew more sudden and were the cause of serious inconvenience 
to the population dwelling in the houses along their banks. 

In 1846 the first Drainage Act was passed and a few years later Drainage 
Boards were established by Act of Parliament, but few of these Boards cared much 
about the people lower down their river and the 1930 Act established "Catchment 
Boards'' for the express purpose of enforcing reasonable consideration of the needs 
of other people. But there are still many persons who seem to think that a Catch-
ment Board exists merely to relieve them of the consequences of their own or their 
neighbours mistakes or neglect so that remediable measures have not yet made 
much progress. 

In the Lake District our floods are not more frequent than they used to be 
before the advent of the motor car and they have certainly not been appreciably 
increased by land drainage, because 90 per cent of the area of the district is 
undrained "fell" but the number of people who suffer inconvenience from flood-
water is infinitely greater nowadays than in 1890 and the voice of their lamentation 
increases every day; Vet 90 out of every 100 motor car users cry out for somebody 
else to devise a remedy and shoulder the cost of benefitting the road user who is in 
most instances a dweller in urban—not rural—districts. 

A Catchment Board has to consist of not more than 31 persons in all and no 
less than 20 of them have to be approved by the County Councils within the area of 
the Catchment (Section 3 of the 1930 Act) so that it follows that the County Coun-
cils are "by law" mainly responsible for devising methods of improvement while 
by Section 20 they are mainly responsible for finding the necessary cash to meet the 
cost. 

The roads around Ullswater, and the roads between Keswick and Cocker-
mouth are those where the flood nuisance is most obvious. Ullswater has at least 
eight different lengths of road upon its margin which are covered by every big 
flood, but Ullswater lies in two counties and their respective County Councils have 
not yet come to any agreement. Keswick and Cockermouth however lie entirely 
within the domain of the Cumberland County Council, a Catchment Board has 
been formed, and there is no obvious reason why the trouble should not be 
seriously tackled forthwith, and especially so since the chief cause of the Derwent 
troubles is that the bridges carrying the main road over that river have not been 
built with sufficiently wide openings to deal with any big flood and consequently 
they bank up the water to a degree which never occurred prior to the time when 
they were built. 

Now the River Derwent Catchment Area of 165,000 acres has probably the 
most intense rainfall of all the Rivers in Great Britain, it has an average annual 
rainfall of 75½ inches over its Catchment Area, and we have fortunately very 
accurate information about its rainfall which can be summarised as follows by 
means of the Isohyet map of the Meteorological Office, which is reproduced here. 
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T h e R ive r D e r w e n t above Keswick 
T h e Gre ta Ca tchment A r e a 
Newlands Beck and the H i l l s round 

Bassenthwai te L a k e 
T h e River D e r w e n t between O u s e 

Br idge and Cockermouth 
T h e River Cocker above Cocker

mouth 

Between Cockermouth and the Sea 

Section 
of Map. 

I 

2, 3 , 4 & 5 

6 & 7 (b) 

7 (a) 

8 

9 

Acres 
24 ,000 
37,000 

27,000 

12,000 

32 ,000 

132,000 
33 ,000 

165,000 

Tons per Annum. 
265,000,000 
312,000,000 

179,000,000 

55 ,000,000 

240,000,000 

1,051,000,000 
163,000,000 

1,214,000,000 

The average annual yearly rainfall in tons is as follows:— 

The total quantity abstracted by Manchester from Thirlmere Lake is barely 
55,000,000 tons in a year, and of the remaining 1,159,000,000 tons something like 
one-fifth, i.e., the equivalent of 15 inches of rainfall, is lost by evaporation in the 
course of a year. Evaporation, however, is largely absent during the period when 
we get the heavy rains which cause our floods, but fortunately the sponginess 
of our soil holds up much of the rain for several days after it has fallen, and thus 
modifies the sudden rush of water down the hill sides into the becks and rivers. 

The present practice of Meteorologists when considering any particular spell 
of heavy rainfall is to compute the percentage ratio which the actual gauged rainfall 
over the period in question bears to the annual amount of catch of each gauge 
and thus arrive at an estimate for the whole area concerned. This method gives 
us a fairly accurate figure for the total quantity of Rain falling in the area during 
the duration of the Flood-time, but we have to make allowance for evaporation and 
for retention of water by the soil before we can estimate the volume of any flood. 

In Summer time we must admit that these allowances are incalculable—(in 
our present state of knowledge)—but in the winter months and especially after 
more or less continuous wet weather which has saturated the surface soil we are 
practically on safe ground if we assume that about 90 per cent of the whole catch 
of rain during Winter does in fact eventually flow off the ground into the rivers or 
lakes, and we must not forget that in the Derwent Catchment we may have Thirl-
mere sending its surplus flood water over its spillway to increase the Greta's 
contribution. 

The floods of December, 1932—although they are by no means the "record" 
floods—have attracted more attention than earlier floods because the town of 
Cockermouth suffered a great deal from flooded houses, etc. 

The flood of November, 1931, was decidedly worse than that of December, 
1932, so far as regards the land round Braithwaite, but the very high percentage 
of rain round Keswick in November, 1931, was not so universal throughout the 
whole catchment (the catch at Hassness on the 3rd November was comparatively 
small), while Thirlmere was unusually low and consequently ponded up about 
4,000,000 tons of water before any "waste water" could flow over its spillway, and 
it seems that Cockermouth was not so badly hit by that flood. 

The 16th December, 1932, was the wettest day of the whole month; the 17th 
was not far short of the 16th, while the 18th had on the average only one quarter 
of the fall of the 16th, but the run off of water always lags behind the rain, and it 
seems to have been at its worst on Sunday, 18th December, although the Lakes— 
(there are five others than Thirlmere in the Derwent Catchment)—which reached 
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In this Table the lower lines are percentages of the average 
yearly rainfalls at each station which are given in " B.R. 1932 " because 
it seems certain that these are used for the Isohyet maps. 

N.B.—The "M.O." have not yet found an average for 
Watendlath or Kirk Fell House. Therefore I have assumed 85' and 45" 
respectively. 

Rainfalls of December 1932 (in inches) 



their highest level during the afternoon of the 18th December, held up (i.e. 
ponded) about 30,000,000 tons of water on that day over and above what was 
retained in the saturated soil of 130,000 acres of land, and consequently greatly 
reduced the actual discharges of the rivers until after the 19th, for between the 
19th and the 31st December almost all this 30,000,000 tons of ponded water had 
been absorbed by the rivers, and on the 31st all the Lakes had resumed the same 
surface levels as those they displayed upon the 1st December. This is an excellent 
example of the benefit which Lakes afford in flood times, since the gross rainfall in 
the five days, 14th-18th, was 112,000,000 tons above Cockermouth, while the 
discharge at that town was but 59,000,000 tons in the five days, 16th-20th, as 
will appear below. 

The Meteorological Office have supplied the daily catches of 11 rain gauges 
in the Derwent Catchment area for the whole month December, 1932, and these 
catches have been summarised in my Appendix A., where the following facts 
emerge. 

From December 1st to 4th (four days) there was heavy rain which amounted 
to about 3 per cent of the average year's total over the greater part of the area. 

From the 5th to the 12th (eight days) there was no rain at all, but on the night 
of the 13th rain began to fall and between that time and 9 a.m. of the 19th the catch 
of the Derwentwater area (about 24,000 acres) amounted to 11.46 per cent of an 
average years total, i.e., about 30,370,000 tons of water and nearly half of this 
quantity fell on Friday, 16th. 

The rain was comparatively slight on the 19th and 20th December and although 
the 21st-23rd were again wet the total fall of the four days only averaged 1.6 per 
cent over the area, i.e., 0.4 per diem, which is not much above the average rate 
tor the 183 days of the six winter months in the Lake District and would not add 
much to the flow of the rivers and streams. 

The extraordinary fall of the 13th-18th is therefore the matter we have to 
deal with and we must consequently determine the percentage of a year's total 
rainfall that fell upon the various sections of land enumerated upon page 7. 

Area A. (Derwent above Keswick) had four raingauges which varied between 
12.90 per cent and 9.34 per cent of an average year's total, and I have assumed in 
my calculations an average rainfall of 11.46 per cent over the whole 24,000 acres of 
this area. 

Area B. (Greta above Keswick). Although Watendlath and High Hill 
give fairly large percentages, yet as they are on the very borders of this area and 
since the rainfall at Hutton John—which is just east of this area—only got 6.06 per 
cent of an average year's catch in the six days, I have assumed the average daily rainfall at 

not more than 9.92 per cent of the rainfall for an average year over 
Area B. for that portion of it which lies outside the Manchester W.W. gathering 
ground, i.e. over 27,000 acres. 

The Thirlmere gathering ground of 10,000 acres has had six raingauges for 
many years past, and five of them are only read monthly. But since the month's 
catch is at very nearly the same percentage as that of the four Derwentwater daily 
gauges, it is probable that the day to day percentage was much the same as that for 
Derwentwater and accordingly I have assumed the same percentage i.e., 11.46 per 
cent of its average year's catch (100,000,000 tons) to add to the rain over the rest 
of the Greta area. 

Areas C. and D. There is no gauge in the wet area of Newlands Valley, and 
therefore I have included the catch percentage of the Hassness gauge in this 
group, and I have assumed an average rainfall of 9.57 per cent of a year's total 
since Higham indicates almost the same percentage as Hassness. 

Area E. (Cocker River). The two gauges in this area have high percentages 
and their mean is 11.34 per cent. 
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Consumpt ion and Compensa t ion , 8 days at 162,000 

P o n d e d in the L a k e above Spi l lway level on 21st December 

To t a l R u n off 

500,000 T o n s 
1,296,000 T o n s 
7,598,000 T o n s 

600,000 T o n s 

9 ,994,000 T o n s 

The Run off During Floods 

The rain which falls on a gathering ground is much delayed in its passage 
into the rivers by retention in the soil and vegetation covering the drainage area, 
consequently the exact "run off" can only be determined by elaborate gaugings of 
the rivers which is very seldom done in average floods, and in the case of our 
abnormal floods in the Lake District has never been attempted, and in all proba-
bility will never be done on account of the enormous expenditure involved in 
preparations for so unusual an event. But the Derwent catchment happens to 
include the Thirlmere gathering ground of the Manchester Water Works, where 
the quantities of water passing through the Lake are automatically recorded and 
registered daily, and thus we possess accurate figures for a large area (10,000 
acres) which is fairly typical of the whole catchment area. 

The Chief Engineer of the Manchester Water Works (Mr. W. F. H. Creber, 
M.Inst., C.E.) has kindly given me their daily records of consumption, compen-
sation and waste for the whole of the month of December, 1932, and they will be 
found in the Table of Appendix B together with my own estimates of the day by 
day rainfall. 

I have used these figures in the graph of Appendix B correlating the daily 
Thirlmere discharge into St. John's Beck with the daily rainfall percentage in the 
Derwentwater area where the rainfall into the Lake and the discharge from it are 
indicated in tons of water to make a clear comparison between the two. 

For the whole 31 days the rainfall amounts to 19,740,000 tons and the dis-
charge—18,008,000 tons, i.e., the month's discharge is 90.0 per cent of the month's 
rainfall, but the diagram shows how greatly this ratio varies. 

Firstly it indicates that the peak of the discharges from Thirlmere is always 
a full 24 hours behind the peak of the rainfall, but it also shows clearly how the 
sponginess of the surface of the gathering ground delays the discharge in different 
stages of the flood period. 

There was no rain at all from the 5th to the 13th, and on the 13th the empty 
capacity of Thirlmere was about 500,000 tons of water, while on the 20th there was 
about 800,000 tons of water ponded in Thirlmere above the level of the edge of the 
spillway, and there was about 200,000 tons less on the 21st. 

From the 13th to the 20th the rainfall was 12,170,000 tons. The "Run-
off," i.e., the quantity collected in the Lake between the 14th and the 21st, i.e., 
allowing one day's lag, was as follows:— 

therefore the average ratio of the "actual" run-off to the "estimated" rainfall in 
these eight days is 82 per cent at Thirlmere, i.e., not 90 per cent. 

The term "Run-off" is used by Waterworks engineers to indicate the amount of "Rain-
water" that has actually flowed off a gathering ground into a Reservoir and is of course 
equal to the discharge out of a Reservoir and the "Gain" or "Loss" of stored water in 
the Reservoir for the period of time under consideration. 
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If we now consider the period ending on the 19th December, which is the day 
when the abnormal floods had abated a little we find a still lower ratio of run-off 
to rainfall as follows:— 

T o t a l Rainfal l 13th to 18th 

Collected in L a k e be tween 14th and 
19th December . 

Consumpt ion and Compensa t ion 6 x 

W a s t e 
P o n d e d in the L a k e above Spi l lway 

level on 19th December , about 

T o t a l Run-off 

T o n s . 
500,000 

972 ,000 

6 ,558,000 

800,000 

T o n s . 
11 ,430,000 

8,830,000 

And this gives a Run-off into Thirlmere equal to no more than 77¼ per cent 
of the Rainfall on the Thirlmere drainage area up to the time when the floods at 
Keswick and Cockermouth had fallen within the carrying capacity of the river 
channels there and had therefore ceased to give much inconvenience to most 
people, for as we shall see below the flood proper only lasted for four days (16, 17, 
18 and 19), so that we got practically the whole immediate "discharge'' from the 
"run-off" into Thirlmere of six days rain concentrated into a period of about 96 
hours of flood in the lower reaches of the Catchment area. 

The drainage area of Thirlmere is only 10,000 acres, while that of Derwent-
water, the Greta and Bassenthwaite, excluding Thirlmere, is 78,000 acres and 
that of the Cocker is 32,000 acres. All these areas have high hills and steep 
slopes, but there is a much greater proportion of low lying and comparatively flat 
land round the last-named two drainage areas than obtains round Thirlmere, so 
that the rate of "Run-off" would certainly be definitely slower above Portinscale, 
Ouse Bridge and Cockermouth than we have found to be the case at Thirlmere. 

It is impossible at present to produce evidence on this point, but since the 
records of Thirlmere imply a more rapid diminution in the magnitude of the flood 
discharges there than are shown by the Marshall records of ponded water in 
Derwentwater, I have in my calculations assumed a run-off ratio of 70 per cent, i.e., 
only nine-tenths of that at Thirlmere in order to avoid any impression of exagger-
ating the magnitude of the problems which face the River Derwent Catchment 
Board. 

After I had prepared the last few paragraphs about "Run-off" and had shown 
them to Mr. Creber, he, on 22nd December, 1934, kindly gave me his own day to 
day records of the quantities of water that ran off his gathering ground into the 
Thirlmere reservoir during December, 1932, and I have added them to the Table 
accompanying Appendix B., where they appear between the columns of estimated 
Rainfall and measured Waste water that passed over the sill of the Dam into the 
St. John's Beck, and these records of Run-off have been added to the "Graph." 

The figures for the 16th and 17th of the month show that the actual "Run-off" 
into Thirlmere was barely 65 per cent of the extraordinary Rainfall of these two 
days, while the "Run-off" quantities for the 18th, 19th and 20th are from 140 per 
cent to 155 per cent of the catches of those days, which of course means that the 
delayed rainfall of the two previous days was flowing down and explains the " lag" 
that is so obvious in all my graphs correlating "rainfall" and "ponding" in 
Derwentwater, which I refer to later in this enquiry. 
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The totals of Mr. Creber's recorded "run-off's'' for the six and eight day 
periods which I have just dealt with are in close accord with the figures I had 
arrived at after much "trial and error" and they help to corroborate the view 
taken throughout this enquiry that the Flood discharges in the valleys of the 
Lake District after periods of exceptionally heavy rainfall do not exceed 70 per 
cent of the Rainfall during the "Peak" period of time, that is during the actual 
days when these floods give us most trouble. 

Incidentally the figures for the 23rd December when the recorded run-off is 
almost twice as large as my estimated rainfall give a graphic illustration of the 
fact that rainfall occasionally appears to reach the surface of the earth everywhere 
except the precise spot where our rain gauges happen to be fixed, a fact which 
all observers and waterworks engineers will admit has puzzled them every now 
and then. 

The Ponding of Flood Water by Lakes 

Let us now consider the effect of the six Lakes in reducing the magnitude of 
the flood, which was referred to above. 

All lakes in a catchment area act as balancing reservoirs for the flood waters 
of the streams entering them. Derwentwater actually performs this office for the 
Greta as well as the upper Derwent, because the Greta delivers its water into the 
Derwent's channel close to the North end of the Lake, and it is a fact that a Greta 
flood has been known to reverse the current out of Derwentwater Lake on one or 
two occasions when the Greta area has caught a more intense fall of rain than 
Borrowdale. (See Note below). 

Thus the ponding up of Derwentwater is caused by the combined catches of 
the Greta and of the Derwent. 

For many years past the Marshall family at Derwent Isle have kept records of 
surface levels of the Lake. These levels are read every day on a post whose zero 
mark is 245.4 feet above Ordnance Datum and this "zero" is approximately the 
average Summer level of the lake, although it frequently falls below it and I have 
found many records as much as 9 inches below zero. On 15th December, 1932, 
the surface level was only 6 inches above zero while on the 18th of that month it 
had risen to 6ft. 6in. above and this was the "peak" level for the flood. 

The area of the Lake is about 1,300 acres inside its banks but when the gauge 
on Derwent Isle exceeds 5ft—i.e., when the surface is more than 250ft. above 
O.D. we find a considerable area of low lying land covered by water, amounting 
roughly to 100 acres between the Lake and the road to Portinscale, and to about 50 
acres more on the low lying fields at the head of the Lake, i.e., 150 acres in all, 
over and above the 1,300 acres of the true Lake surface. But since these flooded 
fields will only begin to get covered when Marshall's gauge indicates 3ft., and 
since the flood of December, 1932, never exceeded 6ft. 6in. on the Marshall's 
gauge, it follows that the additional "ponding" of these 150 acres would probably 
not exceed 300 "foot-acres" (i.e., 150 acres at 2ft. deep) as compared with 7,800 
"foot-acres" (i.e., 1,300 acres at 6ft. deep) which amounts only to 4 per cent of 
the ponded water over the Lake proper, and consequently we got a grand total of 
about 10,000,000 tons of rain ponded up in the Lake at the moment when the floods 
at Keswick and Portinscale were at their worst on the afternoon of the 18th 
December, 1932. 

There is a further complication due to the fact that a small amount of the 
Greta's catch does in times of very big floods (like those of December, 1932) 
flow over its artificial bank at Bullfield Corner and find its way back to the 
Derwent river channel below Portinscale Bridge, but this may well be disregarded 
for the moment, although it is decidedly awkward for some newly erected houses 
at this point. 

NOTE.—This has occurred quite recently when an unusual delivery of water by the Greta on 
20th February, 1935, raised the flood level over the road at Howrah Comer some four or 
five inches abowe the level of the Lake at the Derwent Isle gauge. 
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Whenever Marshall's gauge records 5ft. and keeps there for a couple of days 
we have the surface level of the flooded Lake raised to 250ft. above O.D., which 
is up to the average level of the road surface between Portinscale Bridge and the 
lane to Crosthwaite Church, and indeed nearly a foot above the road at the 
Howrah Corner 249ft., O.D. (which seems to be the lowest portion of this road), 
so that this long length of about 300 yards of road embankment becomes converted 
into the crest of a weir that impounds Derwentwater Lake from which it follows 
that the two 35ft. openings of Portinscale Bridge are not able to pass the whole of 
the "peak" water of any flood which is definitely above the 5ft. mark on the 
Marshall's gauge at Derwent Isle. 

Mr. Dennis Marshall has lent me the record books kept at Derwent Isle since 
1869, which give the day to day rainfall there and the level of the lake surface, 
from which I have prepared "Graphs" (i.e., diagrams) for eleven different floods 
since 1900, and one of them (Graph No. 6) shows that for 12 continuous days 
(1st to 12th January, 1930) after the rainfall had averaged 1½ per cent for 10 
days and the daily discharge must have been nearly 6,000,000 tons, at Portinscale 
the lake surface varied between 4ft. and 4½ft. above "zero" (which is 245.4ft. 
O.D.). Thus the lake surface remained for 12 days very near 250ft. O.D.. that 
is at practically the same level as the Portinscale Road, but it does not appear 
from any evidence I have been able to collect that the road itself was at all covered, 
by water for the whole of this 12 day period—(1st-12th January, 1930)—although 
in the records kept by Mr. Tom Wilson it is definitely stated that it was under 
water on the 29th-30th of the previous month (December, 1929), when Derwent-
water rose to 6ft. 3m. on the Island gauge (see Graph No. 6.) 

I have several more "Graphs" which show the Lake to have risen to 5ft. or a 
few inches more on other occasions when again I cannot find any records of flood-
ing on the Portinscale Road. 

Thus we have fairly good evidence that the existing two openings of the 
Portinscale Bridge are capable of passing all flood waters so long as the surface of 
Derwentwater Lake is not above the 250ft. level. 

In my diagram "Graph No. 9" which deals with December, 1932, I have 
indicated by small circles the daily levels of Derwentwater as measured on the 
Derwent Isle gauge and these are connected by a black ink line which represents 
approximately the "ponding" of the Lake at every hour during that month. 

I have also shown the day to day percentage of rainfall on the whole of the 
Derwentwater catchment area in December, 1932, as deduced by me from the 
Meteorological Office figures supplied to the late Mr. T. Brown by the M.O. on 
28th September, 1933. It will be seen that the "peak levels" of this Lake's 
surface lag about two days behind the rainfall (i.e., rather longer than at 
Thirlmere), for instance the "peak" of December 3rd is due to the heavy rainfall 
of December 1st; the "peak" of December 18th is due to the heavy rain of 
December 16th, while the renewed rainfall of December 21st-23rd has checked the 
lowering of the Lake surface from the 23rd to the 25th. and the rain of the 27th-
29th has in its turn again checked the rate of subsidence 

(N.B.— The 10 other Graphs of Derwentwater Floods based on the Island 
rainfall show a similar " lag .") 
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'' Ponding " of Derwentwater 





'' Ponding" of Derwentwater 



The Portinscale Road was under water for the three days 17th, 18th and 
19th December, 1932, and Graph No. 9 shows that the Lake surface was above 
the 5ft. mark for about 72 hours. This Graph also tells us that the rate of flow 
of rain off the high ground is much retarded by friction or by retention of water in 
the surface soil and vegetation of the land. All my other "Graphs" of the Lake 
levels show a similar tendency towards sudden rise and delayed subsidence in 
every flood-time. Now if we return to "Graph No. 6" we find that for the long 
spell of 12 days in January, 1930 the rainfall averaged every day about 1½ per cent. 
of the average total annual catch of the "Upper Derwent," i.e., 1½ per cent, of 
265,000,000 Tons of water, while the Greta's catch would not be much different, 
probably 1¼ per cent of 212,000,000 Tons (even if Thirlmere was not delivering 
water over the spillway of its dam) and this gives an average daily flow of about 
6,000,000 Tons, i.e., an hourly flow of 250,000 Tons (i.e., 2,500 "cusecs") as 
the discharging capacity of Portinscale Bridge for a period of 12 days when flood 
waters of considerable magnitude were not able to flow across the actual road 
between it and Crosthwaite. 

The Five Flood Days of December, 1932. 
In all questions dealing with the flow of water the unit adopted by Civil 

Engineers is the "Cusec," i.e., one cubic foot of water passing through a channel 
or a pipe, in one second of time, this unit is far more convenient than gallons per 
hour or per day since 1 Cusec is almost exactly equivalent to 100 tons of water 
passing through a channel in one hour, i.e., to 22,400 gallons in an hour (or 
537,600 gallons per diem) and consequently we have not to carry in our minds 
figures which may amount to "billions" or "trillions" which as a matter of fact 
are terms that are not the same in different countries. 

"Gallons," however convenient they may be when dealing with the water con-
sumption of human beings, become hopelessly confusing when one has to consider 
the enormous volumes of Flood waters. 

In the three appendices C. D. E. I have collected together my calculation of 
the quantities of rain that must have run off the land in the 5 days 16th-20th of 
December, 1932, in order to arrive at some estimate of the quantities discharged 
during the flood period at each of the three Bridges ennumerated above, and I 
have been able to make accurate allowances for the ponding up of water in 
Derwentwater—since I have definite figures for the daily level of that lake—but 
I have not been able to make this kind of allowance with the same accuracy for 
Bassenthwaite Lake or the three lakes in the Cocker drainage area since nobody 
there has ever attempted to follow the lead of the Marshall family at Derwent 
Isle, but I have definite evidence of the "peak" level of the ponding in Bassen-
thwaite Lake on the afternoon of 18th December, which I have made use of in the 
other two Tables by assuming that the lag of discharge of ponded water was at 
the same rate as in the lake of Derwentwater, and I have some little evidence 
about the three Cocker Lakes which I have used in Table E. 

It must be admitted at the outset that these calculated discharges of mine are 
but "estimates" for I have only been able to obtain the following scanty evidence 
regarding the heights which the floods attained, and the time when the peak 
levels actually occurred at the three bridges which span the River Derwent at 
critical points. 

1. The maximum flooding of the road between Keswick and Portinscale 
occurred on the afternoon of Sunday, 18th December, 1932, when there was about 
18 inches of water over the surface of the road at Howrah corner, which is about 
150 yards North-east of Portinscale Bridge at the spot where the river Derwent 
abruptly alters its course by 90 degrees in azimuth from N.W. to S.W. and conse-
quently banks up its surface level by mere momentum in every big flood, and the 
road was actually under water to some extent for the three days, 17th, 18th and 
19th. 
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2. Bassenthwaite Lake attained its peak level of nearly 233ft. on the after-
noon of the 18th, and this means that the Ouse Bridge had at that time ponded up 
some 14,000,000 Tons of water in the Lake and flooded fields above its level on 
the 15th. 

3. At Ouse Bridge the water level on the up-stream side of the bridge was 
about 232.2ft., while on the downstream side it was over the road leading to 
Bridge End Farm, and as the level of Bassenthwaite Lake near the Dub Wath 
was just below 233ft. above Ordnance Datum, there was thus a drop of 8 or 10 
inches in the river between the Lake proper and the Bridge. The flood of 
December, 1932, did not cross the main road here and consequently the whole of 
the discharge was through the 2 arches of Ouse Bridge, but I have unfortunately 
no reliable information about the level of the flood immediately below this bridge to 
give me a check on my estimated rate of discharge through this bridge. 

4. The Cocker River began to flow over its bank at Cockermouth during the 
night of Saturday, 17th December, 1932, and continued to do so for about 4 days, 
and Cockermouth Town was badly flooded. 

5. The Derwent River at Cockermouth was over its banks for about four 
days and the "peak-level" of the flood through the bridge was within 3ft. of the 
underside of its arches at their crown at some vague time, so that the highest 
surface level of the river there was about 142ft./O.D. The two arches of this 
bridge are each of 52ft. span and the clear opening of the South arch is 680 square 
feet, while the Northern arch has but 560 square feet—(i.e., the main channel is 
through the South arch). Thus the full depth of the flood through the South arch 
would be about 15ft. and only 13ft. through the North arch, so that the cross 
section of the flood through Cockermouth Bridge was approximately 1,150 square 
feet at the very peak of the flood, although a considerable portion of this 1,150 
square feet must have been "dead" water because the Fitz Weir dammed up the 
flood. The flood waters also went over the old artificial banks between the Mill 
Race and the Bridge and passing along the allotment gardens and over the surface 
of the road at the "Goat," which is about 300 yards North of the bridge eventually 
regained the river bed below the Salmon ladder and consequently reduced the 
actual discharge through the bridge itself by some unknown quantity. 

The Long Bridge near Portinscale. 
Appendix C gives my calculations for the discharge (at Portinscale) and they 

amount to this. 
The total catch of rain between the 13th and 18th December, 1932, in the 

drainage areas of Derwentwater and of the Greta river, not including the Thirl-
mere W.W. was quite 51,000,000 Tons. 

The Run-off of this catch between the 16th and 20th of 
December was about 70 per cent and therefore 36,000,000 Tons 
but fully 6,000,000 Tons was still ponded in Derwentwater upon the morning of 
the 21st, while Thirlmere had sent down the St. John's beck quite 7,000,000 Tons, 
so that the total delivery at Portinscale during the five days (16th to 20th Decem-
ber, was about 37,000,000 tons, and the average rate of discharge in the afternoon 
of 18th December was not less than 4,200 Cusecs, while the bridge itself was not 
able to pass more than 2,500 or 3,000 Cusecs, so that about 1,500 Cusecs was 
probably going across the road. 

But on the 16th and again on the 20th the average rate of discharge was 
below 2,500 Cusecs and consequently the road was not under water upon either of 
these days. 

Portinscale Bridge has two openings of 35ft. span. Mr. H. P. Cornish, 
F.R.G.S. (in a letter of 23/12/1933) gives the average Summer level of the 
stream here at 243ft. O.D. The average summer level of the Lake itself is 245.4, 
therefore the fall in the river between the Lake and Bridge in Summer is 2.4ft. 

I myself on 18/1/1934 when the Lake was at 247.9ft. O.D., found the surface 
of the river at the upstream face of the Bridge to be 245.2, i.e., there was a fall in 
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the river surface that day of 2.7ft., and there was a fairly quick stream through 
the Bridge openings. 

Again in 1-12 January, 1930, when the Lake surface was about 250ft. O.D. 
and the road at Howrah Corner was not under water, the level of the flooded 
river must have been less than 249ft. O.D., or in other words the difference between 
Marshall's gauge level and the river at Portinscale Bridge cannot have been less 
than one foot, and the area of this discharge through the bridge cannot have been 
more than 6ft.. (i.e., 249ft.-243ft.) by 70ft., and therefore equals 420 square 
feet, which, if the cusec discharge=2,500 (see p. 10 above) would give a mean 
velocity of 6ft. per second through the actual bridge. 

It is therefore reasonable to assume that if Portinscale Bridge had a new 
flood-opening of the same area of cross-section as each one of the existing two 
arches, and if a channel was excavated sufficiently to give this third opening a 
passage way equal to each of the existing two, we should in future find that the 
road would not be covered at any flood-spell which did not raise Derwentwater 
Lake above the 5ft. 6in. mark of the Island gauge, and such a flood level could 
not be attained by any rainfall of like degree to that of the 16th-18th December, 
1932, because the increased "orifice" near Portinscale Bridge would prevent 
"ponding" at the Lake from attaining the same level of 6ft. 6in. on the Island 
gauge. 

The best site for this "flood-opening" under the road would be at Howrah 
corner, where the channel of the river is suddenly altered through 90 degrees in 
azimuth and a flood-channel 400 yards in length should be excavated in a W.N.W. 
direction* to meet the main river channel. 

The highest level of a flood-surface in Derwentwater that I have found in Mr. 
Marshall's records is that of 28th October, 1888, when the Lake touched 8ft. 
upon the Island gauge at noon, and the late Canon Rawnsley gave a graphic 
description of this flood in a Magazine for December, 1888, reprinted in 
"A Ramblers Notebook at the English Lakes" (Maclehose, 1902). It would be 
almost impossible to prevent trouble with floods of this degree, but they do not 
often occur, and the flood outlet proposed above, would have reduced the trouble 
of October, 1888 down to at least no more than the trouble of December, 1932, 
when Derwentwater only touched 6ft. 6in. on the Island gauge. 

Ouse Bridge. 
The worst "bottle-neck" on the River Derwent is at the Ouse Bridge, which 

had no by-pass, and on the 18th December, 1932, ponded up the water in 
Bassenthwaite Lake until it reached almost 233ft. above Ordnance Datum i.e., 
about 7ft. 8in. above its ordinary summer level of 225.4ft., but the surface level 
on the 15th December was probably up to 226ft. and the ponded water would be 
that due to 7ft. rise and therefore somewhere about 14,000,000 tons on the 18th, 
since although the ordinary area of this lake is little more than that of Derwent-
water (1,300 acres) there is a much greater acreage of low lying land round 
Bassenthwaite which is under water at flood times. 

The surface level of the flood-water on the up-stream side of Ouse Bridge, 
i.e., near the entrance gate to Armathwaite Hall, seems to have been about 
232.16ft. on 18th December, 1931, and the ordinary summer level here is—from 
my own levels—about 225ft., which gives us (roughly) 7ft. for the depth of the 
flood through this bridge's two spans of 50ft. clear width, i.e., about 700 square 
feet of passage way above ordinary summer levels. 

Appendix D, which gives my calculations of the discharge at this point 
shows that the average mean velocity through the Ouse Bridge was about 6.4ft. 
per second on the 18th December, when the discharge averaged 4.500 Cusecs, 
and it probably was up to 7ft. per second when the flood was at its worst, i.e., 
about 5,000 Cusecs. 

The evidence I have collected goes to show that the river hardly overflowed 
its banks 600 yards below the Bridge and that the cross-sectional area of the flood 
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at this point was only 500 square feet, which entails a mean velocity of about 10ft. 
per second at the peak of the flood below the bend and consequently would imply 
that the island which is 300 yards below the Bridge and has much scrub timber on 
it was banking up the flood very much. 

This scrub timber should be cut down for it will always catch floating rubbish 
to dam up any flood, and the surface of the island should be lowered until it is at 
least 2ft. below the level of the river bank so that the waterway here would be 
unimpeded at flood times. 

This operation is a very inexpensive way of improving the discharge of floods 
out of Bassenthwaite Lake; the volume of water passing under Ouse Bridge on 
the 18th was not much in excess of that which had to get past Portinscale, 
whereas the width of the waterway is nearly 50 per cent, in excess of that at 
Portinscale Bridge, but it should not be carried out until after the obstruction at 
Cockermouth has been dealt with, because any improvement in the discharge 
capacity of Ouse Bridge will let more water pass through it at the Peak of a flood 
and is sure to increase the flooding of Cockermouth Town, unless the obstruc-

tion there has been dealt with. 
Islands in a river which is subject to floods should never be allowed to grow 

scrub timber upon them, for it invariably develops a serious obstruction to the 
passing of water over them when floods occur. Below Isel Bridge there is 
another island covered with scrub timber which banked up the flood of December, 
1932, so that the Vicarage garden was partly covered, but fortunately the Church 
is on rather higher ground. Here again the scrub timber should be cut down and 
the surface of the island kept a couple of feet below the level of the banks of the 

river. 
The island below Ouse Bridge is about 250ft. long and 50ft. wide, and the 

scrub timber on it forms so dense a wood that the velocity of the stream through 
it when submerged is negligible, thus the body of the island and the scrub timber 
practically formed a barrier 50ft. wide and 6 or 7ft. deep, i.e., of 300 to 350 
square feet, to the passage of the flood on the 18th December, 1932, and we have 
seen above that the cross section of the flood was barely 700 square feet at the 
Bridge. 

Now the width of the River channel across the Island is about 150ft. from 
bank to bank, and it follows that if there had been no island in the way the surface 
of the flood at this point would have been quite 1ft. 6in. lower than it actually was, 
which means that the ponding up of the lake would have been little more than 
5ft. 6in. instead of 7ft., and that the road at Dubwath would not have been under 
water at all, and nobody round Bassenthwaite Lake would have been particularly 
inconvenienced. 

The evil effect of this Island is clearly shown by the drawing in Appendix D., 
which is a longitudinal section of the river for half-a-mile below Bassenthwaite 
Lake, and shows clearly how the flood surface was raised by the obstruction 
caused by the island. 

But the peak flood water ponded up in Bassenthwaite Lake would have been 
only 10,500,000 tons instead of 14,000,000, while 3½ million tons more flood 
water would have got down to Cockermouth before the peak time of the flood on 
the 18th, and consequently the town of Cockermouth would have been much 
worse off than it actually was, since the total flood water through Ouse Bridge 
during the 72 hours of the 16th, 17th and 18th would have been increased from 
25,000,000 tons to 28,500,000 (see Appendix D.) and the peak of the flood 
intensified, although the discharge during the 19th would have been more rapid 
than it actually was. 

The Derwent Bridge at Cockermouth. 
In Appendix E. I have given my calculations of the increased discharge of 

flood water into the channel of the Derwent at Cockermouth Castle where the 
Cocker River delivered almost as much water as the Derwentwater drainage 
area of 24,000 acres had already put into the river, and the maximum combined 
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discharge of the two rivers at Cockermouth was about 7,000 Cusecs, while the 
waterway through the bridge (i.e., two spans of 52ft.) is only 4ft. wider than that 
of Ouse Bridge. 

The crest of the Fitz Weir is 4½ft. above the summer level of the river at the 
toe of the weir, and if this weir had not been in the way the flood level of 18th 
December, 1932 at this point would have been lowered 3 or 4ft., which would 
have greatly increased the velocity of the stream through the Derwent Bridge 
and consequently have prevented much of the trouble which was caused in Cocker
mouth town. But the waterway through this bridge is too narrow for the effective 
passing of floods of this magnitude and a new passage ought to be made through 
the allotment gardens and under the road beyond the Lowther Public-house, where 
it could deliver its flood water into the river below the site of the weir. This 
flood passage must be in addition to the removal of the weir because the weir is 
the principal cause of the trouble at Cockermouth, in that it unduly raises the 
flood surface of the Derwent and therefore compels the Cocker always to bank up 
its flood water to such an extent that its chief outlet on the occasion of every big 
flood is by way of Main Street and the various lanes from that street to the left-
hand bank of the Derwent. 

The evil effect of the Fitz Weir is clearly shown by the drawing in Appendix 
E. , which is a longitudinal section of the river from Cockermouth Castle to the 
Maryport Urban District's Pumping Station, and shows the average summer level 
of the river surface as well as that of the flood waters on 18th December, 1932. 

The lowest point in the road surface of Main Street is opposite High Sand 
Lane, and equals 143ft. above O.D. 

Innumerable experiments upon the flow of water over weirs have given Civil 
Engineers a reliable formula by which the quantity of water discharged over a weir 
can be calculated when there is a free flow over its edge, but when a weir is 
"drowned," i.e., when the tail water level is higher than the crest of the weir the 
formulae suggested differ considerably. 

At the spillway of the Thirlmere dam there can be no tail water effect and 
consequently the discharge of "waste" water can be accurately determined by the 
automatic gauges there, but at the Fitz weir in Cockermouth every big flood 
results in drowning that weir and unless we happen to have really accurate 
measurements of the water level above and below a drowned weir every formula 
fails us. 

The Engineer of the Catchment Board (Mr. J. Campbell Boyd, M.Inst, 
C.E.) has been able to collect evidence which give approximate levels for the 
flood upstream of the Fitz weir and they will be found in the drawing of Appendix 
E. , but none of us have so far been able to get any definite tailwater level, beyond 
the fairly obvious fact that it must have been about a couple of feet above the crest 
of the weir, and upon this assumption the calculated discharges which I have given 
above are not inconsistent with the various formulae for drowned weirs. 

Keswick. 
The flood troubles at the town of Keswick in December, 1932, were caused by 

water brought down by the Greta, since the surface level of Derwentwater was 
only 252ft. O.D., and therefore well below the level of Main Street. The road 
surface at Bullfield Corner appears to be 258ft. O.D., while the artificial right-hand 
bank of the river is some feet higher than the road; yet the flood went over this bank, 
crossed the road and invaded some houses north of the road to Carlisle. The 
Greta at this point is deflected 90 degrees to the west and consequently the 
momentum of the flood water banked up the surface level considerably; 250 yards 
west of Bullfield Corner the river has another right-angled turn near the National 
Schools and so runs due south for 200 yards when a third right-angled bend deflects 
it to the west under the Greta Bridge which has an old weir of the Pencil Works 
immediately under its arch to increase the obstruction to every flood. It would be 
difficult to imagine a worse condition of affairs in any river and the inevitable 
result was serious flooding of a number of houses in Main Street. 
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Appendix " F . " shows that the Greta's flood discharge on the 18th December, 
1932, was at least 2,500 Cusecs, while the river channel at Bullfield Corner seems 
to be only 50 or 60ft. wide and the Summer level about 7 or 8ft. below the crest 
of the newly raised bank so that the sectional area of the flood was about 400 
square feet and the mean velocity approximately equal to 6½ft. per second, which 
would entail a surface velocity of 8½ft. per second at least. The sudden deflection 
of the channel of any river through 90 degrees means that the momentum of the 
water approaching the bend is absorbed in "banking up" its surface level at the 
bend in order to generate a new "head" to give a new velocity in the new direction 
of the stream below the bend. I have no information as to the precise amount of 
"banking up" at Bullfield Corner, but it cannot have been less than the "head" 
necessary to give a velocity of 8½ft. per second to a "frictionless liquid" and such 
a head could not be less than 12 inches above the surface level of this flood a few 
feet up stream of the Bullfield bend. 

The obvious remedy for the Keswick trouble is to demolish the Pencil Works 
weir and to construct an efficient flood outlet under the road at Bullfield Corner so 
as to convey the peak flood water into its old and natural channel from the corner 
towards the Crossings Bridge, and to re-open the natural channel from the Cross-
ings Bridge to the Derwent below the Long Bridge at Portinscale. 

Some misguided persons have built houses at Bullfield Corner since 1864— 
(when the earliest ordnance maps were prepared)—and the result now is that 
every abnormal flood must pass through them in its attempt to get to the sea; these 
houses would no doubt present a claim for compensation if they were removed, but 
there is no alternative method of relieving the trouble to the older established build-
ings in Main Street, south of Greta Bridge, and I cannot imagine how it came about 
that the Local Authority sanctioned the building of these houses at Bullfield 
Corner. 

The Greta in its course through the town of Keswick is impeded by several 
weirs, every one of which banks up flood water, but in most cases little inconveni-
ence is occasioned to house property although the weir near Greta Hall probably 
adds to the troubles at this point. But of late years the peak surface level of flood 
water at Bullfield Corner and indeed all round the bend of the river between the 
Greta Hall weir and Greta Bridge has been raised about 2ft., consequent upon the 
lifting of the flood banks for the express purpose of preventing flood across the 
Carlisle road, and presumably also of diminishing the troubles of the newly built 
houses there. But the raising of a flood bank is invariably followed by further 
deposit in the bed of the stream since the bottom velocity of the stream in every 
flood is diminished because the cross sectional area of a flood stream has been 
increased at the point and the inevitable consequence of the raising of the bed of a 
stream is an addition to the height of every flood and eventually to another raising 
of the artificial bank. 

The only sound procedure in places like Bullfield Corner is to provide an 
escape channel for flood water to come into operation directly the river channel 
becomes overcharged by the volume of water poured into it. 
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NEWLANDS AND COLEDALE BECKS. 

The low lying ground between Portinscale and Braithwaite is much subject to 
floods, for it has to deal with the combined discharges of these two becks from the 
whole of their gathering ground that lies to the South and South-West of the main 
road. The area of this gathering ground is 8,900 acres while the average rainfall 
over it amounts to 94 inches per annum and gives an average yearly catch of 
83,000,000 tons, i.e., almost half of the 179,000,000 Tons that the Lake of 
Bassenthwaite" collects every year below (i.e. downstream of) Portinscale Bridge, 
for the whole of the catch of the Western slope of Skiddaw combined with that of 
the Dash Beck, the Coal Beck, the Dubwath Beck and Wythop Woods (a total 
area of some 18,000 acres) is but 96,000,000 tons per annum and thus amounts to 
an average rainfall of 53½ inches per annum. 

As I pointed out on Page 9 above nobody at the present time keeps a rain-
gauge in the Newlands Valley, but the evidence of the Hassness gauge indicates 
that the rainfall of the 5 days 16th-20th December, 1932, was probably about 11 
per cent of an average year's rainfall over this particular area which gives us a catch 
equal to 9,100,000 Tons, so that if the discharge be estimated at 70 per cent of 
the catch we obtain a figure of 6,370,000 Tons to spread over the 120 hours of the 
five days, which—as it amounts to 16.2 per cent of the Portinscale Bridge dis-
charge (see Appendix C.)—may be allocated as follows:— 

Approx . 

Approx . 

Approx . 

Approx . 

Approx . 

Di scha rge for the 24 hours of the 16th 

Discha rge for the 24 hours of the 17th 

Discha rge for the 24 hours of the 18th 

Discha rge for the 24 hours of the 19th 

Discha rge for the 24 hours of the 20th 

T o n s . 

870.000 

1,390,000 

1,730,000 

1,390,000 

990 ,000 

i .e. 

i .e. 

i .e. 

i .e. 

i .e. 

Cusecs . 

363 

579 

721 

579 

413 

and the average discharge over the whole period of 120 hours is 531 Cusecs. 

The only outlet for this discharge is the road bridge over Newlands Beck, 2 
miles from Keswick, while a little lower down the C.K.P. Railway bridge also 
spans the beck; thus both bridges act as bottlenecks for every big flood similar to 
that of December, 1932, for they cannot effectually handle anything like 700 
Cusecs, and the road is often flooded. 

The Newlands Beck is an old offender and our "fore elders" have tried to 
control it by raising its banks for about a mile of its course below the junction of 
the Coledale Beck. The inevitable result of this ,action has been to raise the 
actual bed of the waterway until it is practically level with the surface of the 
meadow land as far as Braithwaite Moss, and these artificial banks frequently get 
breached by big floods. 

To deepen a river channel effectively over a mile of its course is decidedly a 
"big order" for a Drainage Board, while the benefit would not accrue to every-
body; but the two bridges are mainly responsible for the prolongation of Flood 
periods at this point, and it would be well to concentrate energy on improving the 
first half mile and the outlets under the main road and the railway. 

24 



Flood Outlets. 

Flood outlets in a river like the Derwent must be so designed that they do not 
interfere with fishing rights, by diminishing the depth of the main stream in 
ordinary weather. This is best done by keeping the level of the entrance sill of 
every flood passage a foot or two above the ordinary summer level of the stream; 
thus the sill of the proposed Portinscale relief channel should be at about 246ft. 
above O.D., its width not less than 75ft., and the level of the underside of the 
girders carrying the road over the channel should be not less than 250ft. O.D., so 
that a cross sectional area of 300 square feet would be available for flood water 
over and above the existing area at Portinscale Bridge before the road could be 
flooded. The road level over this flood outlet bridge could easily be kept below 
253ft. O.D., and would consequently have no appreciable effect on the surface 
gradient. 

The bottom of the flood channel should be quite 1ft. lower than the sill at its 
upper end and be graded to meet the River again at 2 or 3ft. above the summer 
level there. There is no reason to do more than turf the floor and sloping sides of 
such a channel and it would consequently serve in ordinary times as pasture in the 
fields through which it passes. 

The flood outlet through the Allotment gardens at Cockermouth should have 
its sill 100ft. or 150ft. wide and at 133ft. O.D. or thereabouts. The channel 
should be similar to that proposed above for Portinscale and the flood bridge below 
the road at the Goat should have the underside of its girders at about 136ft. O.D., 
and the channel bottom here should be not more than 130ft. O.D., i.e., not more 
than 3ft. above existing summer level at the Pumping Station in order to avoid the 
risk of flooding the existing houses in the Goat. A new site for the Allotment 
gardens must of course be found. 

If field divisions are required across these flood outlets they should be made 
of ordinary wire fencing on wooden posts, since such fences offer but little obstruc-
tion to a stream, and are easily replaced if they happen to be carried away by 
"wreckage" of any kind. 

The flood outlet of the Greta at Bullfield Corner has to deal with much less 
water than the Portinscale one and need therefore be only 50ft. wide where it 
crosses the Carlisle road. 

The "flood bridges" should be in several small spans about 15ft. wide with 
concrete abutments and intermediate piers consisting of round cast iron columns 
upon proper concrete foundations carrying rolled joists and concrete superstructure, 
an inexpensive type of construction which does not need so long a time to set as a 
"reinforced" concrete bridge before it is fit to carry traffic. 

Road makers in olden times have always been prone to build causeways across 
flat land that is liable to floods, and we find at Portinscale that the road from 
Keswick now forms a dam to pond up Derwentwater Lake unduly; at Ouse Bridge 
the northern approach blocks up half the natural opening of the gorge there; and at 
Cockermouth the causeway beyond the north abutment of the Derwent Bridge dams 
up every flood. Thus the natural passage for flood waters has been persistently 
reduced by the action of the roadmakers and the flood troubles increased. This 
trouble cannot be fully evaded by the roadmaker, but it can be largely mitigated by 
building suitable flood openings in causeways, and this procedure must be adopted 
sooner or later in the case of rivers like the Derwent where roads are so frequently 
carried across the actual valley. 
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General Remarks. 

In the course of this enquiry I have met with frequent assertions that the out-
lets in the two Lakes, Derwentwater and Bassenthwaite are silting up, and that the 
waterways through Portinscale and Ouse Bridges have been much blocked up by 
certain trifling protection works at the piers of these two bridges, but I have not 
found any evidence whatever to support these two assertions. 

As regards Derwentwater, the zero mark of the Marshall's gauges at Derwent 
Isle was fixed 80 years ago at what was then deemed to be an ordinary summer 
level, and in December, 1933, the lake was actually nearly 1ft. below the zero 
mark 245.4 O.D. 

As regards Bassenthwaite the Ordnance Surveyors found its surface to be 
226 O.D. on the 3rd October, 1864. Miss Marion Hartley who has known the 
Armathwaite Hall boathouse for over 50 years, assures me that no members of her 
family have ever noticed any permanent difference of level in the Lake's surface 
there, and I myself as stated above, found the level to be no more than 225.39 
O.D. on 3rd May, 1934. There is no evidence here of any silting up. 

There is undoubtedly plenty of evidence to the effect that the marsh lands 
round Bassenthwaite are more waterlogged now than they used to be, but this is 
merely the inevitable consequence of the neglect to keep open drains and channels 
which has been notorious throughout Great Britain since the palmy days of the 
"seventies" when Agriculture was a prosperous industry. 

The Ordnance Maps, which are as a rule marvellously correct, have made 
some extraordinary mis-statements about the surface levels of the lakes and rivers. 
In the 1864 maps the level of Derwentwater is given as 238 O.D., whereas we 
know from Marshall's records that its average summer level at that date was 
245.4 O.D. In the 1922 edition of the 6in. and 25m. maps the surface level of the 
river at Portinscale Bridge is stated to have been 257.2 upon 26th September, 
1922, i.e., to have been 8ft. deep over the road at Howrah Corner which is palpably 
absurd. 

Clerical errors such as these are probably the foundation of the widely persis-
tent beliefs that some mysterious agency is at work to pester the unfortunate people 
who suffer from the floods that visit us so frequently. 

Cloudbursts such as frequently accompany our thunderstorms in the Lake 
District give us extremely intense local floods off the hillsides which cause much 
damage in their first rush but do not bring down a sufficient volume of water to have 
any great effect when they reach the channels of our main rivers. They are as a 
rule quite unmeasurable, but the thunderstorm over Stainmore on 18th June, 
1930, which left five definite cloudburst scars in the peat of Knipe Moor, sent the 
whole of the "Run-off" from the Yorkshire side of the watershed into two reser-
voirs of the Tees Valley Water Board, and their engineer, Mr. Collinson, kindly 
gave me his records (which appeared in "British Rainfall, 1930,") and amounted 
to 740,000 tons of water into Grassholm reservoir and 300,000 tons into Blackton 
reservoir in about one hour only of the afternoon of that day. 

From evidence I was able to collect about the "Run-off" into Westmorland 
it would seem that about 1,000,000 tons of Water went down the Augill beck past 
Spurrig End Farm in three definite spates during two or three hours that afternoon, 
and did much damage along the 2½ miles of the beck's course between the farm 
and the bridge under the main road from Bowes to Appleby; while probably 
500,000 tons more went down the Swindale beck, arid the market town of Brough 
under Stainmore was badly flooded by the two becks. 
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But the friction of river beds soon flattens out floods of this intensity, and by 
the time (8 p.m.) when the flood reached Appleby—some 11 miles below Brough 
—it could do not more than fill up the ordinary channel of the Eden at that town 
and the rate of flow there probably did not exceed 2,000 Cusecs at any time during 
the night of the 18th-19th June. 

Cloudbursts floods, however, are Summer phenomena and never seem to 
occur during Winter floods like that of the River Derwent in December, 1932, but 
the Catchment area of the River Derwent seems decidedly susceptible to them, for 
all three of the notable cloudbursts recorded during the 18th Century occurred in 
this area, viz., in the Liza beck at Crummock; in the Vale of St. John's; and on 
the Mosedale beck in Matterdale Common about a mile below Wolf Crag. The 
site of the last-named of these three is still far the most imposing modern example 
of a cloudburst's effect that we have in the whole of the Lake District, but it does 
not cover any great extent of land, before the gorge of the beck resumes a normal 
appearance. 

F . H U D L E S T O N . 
3rd May, 1935. 
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Appendix "B'' 

FLOODS OF DECEMBER, 1932. 
Thirlmere Gathering Ground. 

Summaries for the Flood periods. (13th-21st December, 1932). 

3. If we now consider the whole of the month we can see from the graph and 
the Tables that the quantity of water "ponded" above the sill of the spillway was 
much the same on the 31st as it was on the 1st, since the "waste" of these two days 
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is roughly the same in amount—(it merely represents only 2½ or 3 inches deep over 
the 800 acres of the surface of the Lake)—and we get the following figures:— 

4. Since the flat area in the Thirlmere gathering ground is not nearly so exten
sive as the flat areas of the rest of the Derwent Catchment area we are justified 
in our assumption at page 7 of the Report that the Winter Run-off is approximately 
90 per cent of the Winter Rainfall. 

(A Check Calculation). 

Comparison of Rainfall, Run-off into, and Discharge from Thirlmere. 

The Waste during the 5th December was 250,000 Tons. 
. The Waste during the 25th December was 254,000 Tons. 

So that the Lake had practically the same quantity "ponded" in it on the two 
days. 

Thus the Run-off and the Discharge are practically equal, and their mean i.e., 
13,436,000 Tons is 94.1 per cent of 14,280,000, i.e., the calculated Rainfall), but 
we cannot be sure that the water retained in the soil was the same amount on the 
25th as on the 5th. 

This figure would imply that "Loss by Evaporation" was only 6 per cent and 
not 10 per cent as I have usually assumed for this flood spell, and the difference 
may be due to a mistaken estimate for the "Gross quantity of Rain" that fell in the 
gathering round. But it might well be that the contribution of the Raise beck, 
which is not included in the M.O. Isohyet Map, has added 4 per cent or 5 per cent 
additional catch to the 14,280,000 Tons estimated Rainfall which is based on that 
Map. 

The Raise beck ran into Grasmere until a few years ago, when a sudden flood 
breached its right hand bank and since this occurrence the upper portion of this 
beck has delivered its water into Thirlmere. 

The average annual quantity of Rain thus added to the Thirlmere catch is 
about 4,500,000 Tons. 
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Appendix "C." 

FLOODS OF DECEMBER, 1932. 

Discharge of Water at Portinscale. 

Rainfal l of 13th-18th December (6 days) in Derwen twa te r A r e a 
1.87 per cent. + 9.59 per cent.=11.46 per cent. of 

265,000,000 Tons ......................................................................................... 

In G r e t a A r e a (not inc luding T h i r l m e r e ) 1.7 p e r cen t . + 7.22 p e r 
c e n t = 9 . 9 2 p e r c e n t o f 212 ,000 ,000 Tons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Gross Catch . . . . . . . . . . . . . . 

T o n s . 

30 ,369 ,000 

21,030,000 

51 ,399,000 

But there was still ponded up in Derwentwater on the 20th 
about 4ft. x 1,600,000 Tons .................................................................................... 

There fore the N e t d ischarge of the " C a t c h " up to 20th 
D e c e m b e r was 

N o w we must add to this quant i ty the amount of the discharged 
Compensa t ion water and W a s t e from T h i r l m e r e which i s — 

T o n s . 
Compensation—6 days at 13,400 Tons 80,400 

And 5 days waste (16th-20th) ....................................... 7,116,000 

So that the total Discharge above Portinscale—(allowing for 
(lag) - in the 16th-20th comes to........................................................................... 

which gives an average daily discharge of 7 .355,000 T o n s . 

6 ,400,000 

29 ,579 ,000 

7 ,196,400 

36 ,775,400 

If we assume that the "Run-off" is no more than 70 per cent of the "Catch,' ' 
i.e., only nine-tenths of the rate that is shown by the Thirlmere records of the 
Manchester W.W., we get the following estimate of the water that reached Kes-
wick during the 120 hours of the 5 days, 16th to 20th December, i.e., Tons. 
70 per cent of 51,399,000 Tons 35,979,000 

The maximum rate of discharge over the spillway of the Thirlmere dam 
occurred at noon of the 18th December, and was 896 Cusecs: the average discharge 
during the 72 hours of the 16th, 17th and 18th was 887 Cusecs, i.e., only 1 per cent 
below the maximum, while the average rate for the 96 hours of the 16th-19th was 
835 Cusecs, i.e., 7.3 per cent below the maximum rate because the Waste of the 
19th was barely half that of the previous days. 

We must however bear in mind that there is no "back-water" at the Thirlmere 
spillway to correspond to the "back-water effect" of the flooded streams below each 
of the three Bridges we have to deal with and this absence of "back-water" is 
undoubtedly the reason why the spillway discharge at Thirlmere dam was so con
stant a quantity for 72 hours. 

The "Graph No. 9" which shows a much greater variation in the amounts of 
water ponded in Derwentwater Lake during this period implies a more variable 
rate of discharge at Portinscale than what we find from the Thirlmere records, and 
if we make use of the curve in Graph No. 9 and also bear in mind that the road at 
Howrah corner was only under water for three days we get something like the 
following estimated Table for the day-by-day discharges at Portinscale. 
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A v e r a g e 
T o n s . Cusecs . 

D i scha rge in 24 hours of 16th D e c e m b e r 5 ,000,000 i . e . . . . 2 ,083 
Discharge in 24 hours of 17th D e c e m b e r 8 ,000,000 i . e . . . . 3,334 
Discha rge of 24 hours of 18th D e c e m b e r 10,000,000 i.e... . 4 ,167 
Discharge in 24 hours of 19th D e c e m b e r 8 ,000,000 i.e... . 3,334 
Discha rge in 24 hours of 20th D e c e m b e r 5 ,775,400 i .e . . . . 2,398 

T o t a l of 120 hours 36 ,775,400 

which gives an average discharge for 120 hours of 3,065 Cusecs. 

This gives the average discharge over the 24 hours of 18th December, i.e., the 
worst day of the Flood, of 416,667 Tons per hour (or 4,167 Cusecs) and the maxi
mum would be somewhere about 4,200 Cusecs in round numbers; and is consistent 
with the fact that the road at Howrah corner was not under water on either the 
16th or the 20th when the discharge was of course below the "capacity" of the two 
arches of the Portinscale Bridge ("Long Bridge") which we know cannot pass 
more than 2,500 Cusecs or thereabouts. 
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Appendix " D . " 

FLOODS OF DECEMBER, 1932. 

Discharge of Water through Ouse Bridge. 

Rainfall of 13th-18th December: 

In Newlands Valley and all the other Becks which deliver into 
Bassenthwaite Lake—1.57 per cent plus 8 per cent, i.e., 9.57 per Tons of Catch. 
cent of 179,000,000 Tons 17,130,000 

If we assume as is done in Appendix " C " that the Run-off is 
70 per cent of the catch, we get for the Run-off of the above Tons. 
Rainfall a discharge 11,991,000 
and we must add the quantity flowing past Portinscale 36,775,000 

to obtain the gross quantity that flowed into the Lake of Bassen-
thwaite up to the 20th December, i.e 48,766,000 

Now we know that on the afternoon of the 18th December there was "ponded 
up" in this Lake something like 14,000,000 Tons between the 15th and the 18th, 
and if we assume that Bassenthwaite lowered its surface level at the same rate as 
Derwentwater did between the 18th and the 20th, we would get about 2-3rds of the 
above tonnage remaining stored up in Bassenthwaite, which equals 9,334,000 Tons 
and therefore our "Discharge through Ouse Bridge" in 120 hours is 48,764,000 
less 9,332,000 Tons and equals 39,430,000 Tons. 

If we assume that the day to day discharges of this period are proportional to 
those at Portinscale shown in Appendix " C " we get the following table:— 

Tons. Cusecs. 
Approx. Discharge in 24 hours of 16th December... 5.400,000 i.e. 2,250 
Approx. Discharge in 24 hours of 17th December... 8,600,000 i.e. 3,583 
Approx. Discharge in 24 hours of 18th December... 10,700.000 i.e. 4,460 
Approx. Discharge in 24 hours of 19th December... 8,600,000 i.e. 3,583 
Approx. Discharge in 24 hours of 20th December... 6,130,000 i.e. 2,542 

Total 39,430,000 

which gives an average discharge for 120 hours of 3,286 Cusecs. 

Now these quantities are only 7 per cent greater than those for Portinscale, 
but the whole flood went through the two bridge openings of Ouse Bridge, i.e., 
through a masonry sided channel of 100ft. total width. 

The Peak level of the Flood near Armathwaite Hall Gates was 232.16ft. O.D. 
and the Summer surface level—as got by me in June, 1934—is about 224.73 ft., 
i.e., 7.43 ft. below the last figures, but it would probably not be more than 7ft. at 
the bridge in December, 1932, which gives a cross section for the Flood of 700 
square feet, and thus we get an approximate "mean velocity" of 6.4ft. per second 
for the whole day of the 18th December, 1932, which would involve a "surface 
velocity" of something like 9 or 10ft. per second (i.e., 6 or 7 miles per hour) 
through the Bridge. 
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Appendix "E. ' ' 

FLOODS OF DECEMBER, 1932. 

Discharge of Water at Cockermouth Town. 

Rainfall of 13th-18th December: 

Into the River Derwent below Ouse Bridge 9.57 per cent of Tons of Catch. 
55,000,000 Tons 5,263,000 

Into the Cocker catchment— 
2.23 + 9 . 1 1 = 11.34 per cent of 240,000,000 27,216,000 

32,479,000 

Tons. 
The Run-off at 70 per cent of this "catch" is 22,736,000 

but the water ponded up in the three Lakes of Crummock Butter-
mere and Loweswater was probably not less than 3,000,000 on the 
20th December ............ . . . . . . . . . 3,000,000 

so that the additional discharge is 19,736,000 
and we must add the quantity passing Ouse Bridge. .. 39,430,000 

to obtain the gross flood above Derwent. Bridge in about 120 hours 59,166,000 

If we assume the day to day discharges at this point to be proportional to those 
at Portinscale we get the following approximate table:— 

Average 
Tons. Discharge. 

Discharge in 24 hours of 16th December...... 8,050,000 i.e. 3,354 Cusecs. 
Discharge in 24 hours of 17th December 12,900,000 i.e. 5,375 Cusecs. 
Discharge in 24 hours of 18th December 16,100,000 i.e. 6,709 Cusecs. 
Discharge in 24 hours of 19th December 12,900,000 i.e. 5,375 Cusecs. 
Discharge in 24 hours of 20th December 9,216,000 i.e. 3,840 Cusecs. 

Total in 120 hours 59,166,000 4,930 Cusecs. 
Average over the 5 days. 

The maximum rate of discharge on the Thirlmere basis would have been 6,950 
Cusecs or in round figures about 7,000 Cusecs on the 18th December at the very 
"Peak" of the flood when some unknown quantity of water went through the Allot-
ment Gardens past the Lowther public-house, and so into the River below the 
Salmon ladder in Fitz weir, but I have no knowledge of serious damage having 
taken place in the Allotment Gardens, and I estimate that at least 6,500 Cusecs 
went through the two arches of Derwent Bridge on the 18th December when the 
surface of the flooded river was only 3ft. below the soffit of the two arches. 

The clear opening of the combined two arches is only 1,240 square feet, so 
that the cross-sectional area of the flood was not more than 1,150 square feet, and 
the "mean velocity" of the stream through the bridge was only about 6ft. per second 
at the peak of this flood. 
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This low rate of speed is due to the fact that the surface of the flood just 
upstream of Fitz Weir was only 4ft. 4ms. lower than the flood surface upstream of 
the bridge (142.15—137.83) although the flood surface a little downstream of the 
weir was somewhere about 3½ ft. lower than that immediately upstream of the weir. 
Thus if the weir had not been there to bank up the flood there would have been a 
total fall of about 8ft. between the Bridge and the bend of the river below the 
"Goat" and the increased velocity which such a fall of level would have given to 
the stream would have lowered the Derwent by at least three feet opposite the 
Castle, so that the ponding up of the flood in Main Street would have been reduced 
to a very small affair. 
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Appendix "F ." 

FLOODS OF DECEMBER, 1932. 

Discharge of Water by the Greta. 

Rainfall of Greta area (not including Thirlmere) during the 
13th-18th December. Tons. 
(See Appendix C.) 21,030,000 

Run=off of above Rain at 70 per cent in 5 days, 16th-20th.... 14,721,000 
Add Thirlmere discharge for same period (see Appendix " C " ) 7,196,400 

Therefore Total 21,917,400 
(say) 22,000,000 in 5 days i.e. average of 4,400,000 Tons per 24 hours and 

equals 60 per cent of discharge at Portinscale. 

Tons. 
Discharge in 24 hours of the 16th...3,000,000 ... 1,250 Cusecs average all day 
Discharge in 24 hours of the 17th...4,800,000 ... 2,000 Cusecs average all day 
Discharge in 24 hours of the 18th...6,000,000 ... 2,500.Cusecs average all day 
Discharge in 24 hours of the 19th...4,800,000 ... 2,000 Cusecs average all day 
Discharge in 24 hours of the 20th...3,317,400 ... 1,382 Cusecs average all day 

Total. 21,917,400 

and on the 18th the maximum rate of discharge was probably 2,700 Cusecs. 

Note.—The Greta is a rapid stream and it is very likely that the discharge on 
the 18th was even greater than the figures of this Table while the discharges of the 
16th and the 20th were lower than those given above. 

But the evidence I have been able to collect is extremely vague as regards 
"time." 
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