.

N







SN LiBRARY

| RARRAARIR)

102982531



BB 1 72 40 3% Ol

insnrge | 64

e £33
E 16628

ART
A s e O erpugy

v 1 5

[;;Jlf’hm




~_ GOVERNMENT OF JAMAICA

FEASIBILITY REPORT
| o _
THE MODERNIZATION AND EXPANSION
S OF
THE RIO COBRE IRRIGATION SCHEME

 VOLUME II
ANNEX REPORT

JUNE 1987

JAPAN INTERNATIONAL COOPERATION AGENCY



THE MODERNIZATION AND EXPANSION

OF

THE RIO COBRE IRRIGATION SCHEME

LIST OF VOLUMES

VOLUME I - MAIN REPORT

VOLUMEII - ANNEXE REPORT

S0 R »

= mom

[

2 &~

N.

TOPOGRAPHIC SURVEY
METEQROLOGY AND HYDROLOGY
GEOLOGY AND HYDROGEOLOGY

SOILS AND LAND CAPABILITY
CLASSIFICATION

SOIL MECHANICS
SOCIO-ECONOMY
AGRO-ECONOMY
AGRICULTURE

IRRIGATION AND DRAINAGE
ON-FARM DEVELOPMENT
PRELIMINARY DESIGN
PROJECT ORGANIZATION

. IMPLEMENTA’I'IQN PROGRAMME AND

PROJECT COST
PROJECT EVALUATION

VOLUME III - DRAWINGS

DATA BOOK



 ANNEX-A
T(}POGRAPHIC SURVEY







ANNEX-A

TOPOGRAPHIC SURVEY
TABLE OF CONTENTS

L, GENERAL i s e A-1

1.1 Objectives of the WOorks ...civviiiiiiiiiiiiniiiiii e e A-1
1.2 Activities of the Works ...l A-1
1.3 The Study Atea ............... R PP PUPUPR A-1
2. IDENTTFICATION OF GROUND CONTROL POINTS ......cccoivienanens A-2
3. FIELD SURVEY ..... ST et eaeneneerrteer e et e et tarteaerartnraerenn A-3
3.1 DirectLevelling .oovvvviiiiiiiiiiiiii e A3

3.2 Topographic SUIVEYS .iieiiiiiiiiiiiii i e A-3

LIST OF TABLE

Table A-1  SUMMARY TABRLE OF BENCH MARKS ...ivvireveerierenereeenseneens A-4

LIST OF FIGURE

Fig. A-1 LOCATION MAP OF BENCHMARKS ... A-5






1, GENERAL

1.1 Objectives of the Works
“The objectives of the topographic survey were:

(1) Torevise the 110 5,000 and 1 10 12,500 scale maps prepared by the Government of
Jamaica in 1961 covering the project area, as necessary, and

(2) To carry out direct topographic survey such as cross section and profile survey and
- plane table survey of major structure sites. '

1.2 Activities of the Works

The spot h_éight survey and the detailed topographic surveys for major structure sites were
cartied from July to Octeber 1986.

1.3 The Study Area

The study area is bounded by the mountain side on the north, by the seashore and
Hellshire on the south, by the parish of St. Andrew and the seashore on the east, and the
boundary of the parish of Clarendon on the west. Spanish Town, the capital of the
parish, Hes in the centre of the study area, and approximatelymately 14 km west of
Kingston. The study area covers approximately 21,000 ha excluding urban, mangrove
and rocky lands, sloping gently from north to south with micro-relief, ranging elevation
from 3 m to 40 m above mean sea level.



2. IDENTIFICATION OF GROUND CONTROL POINTS

Prior to the field survey, a field teconnaissance was carried ont.in collab?ratlion_ wﬂhd |
Jamaican counterparts provided by the Survey Depariment to identify the national groun
control points such as triangulation points and bench marks in the study area, :

The location of the bench marks (B.M.) and temporary bench marks (T.B.M.) are shown

in Fig. A-1. Table A-1 shows the elevation of all the bench marks and the temporary
bench marks established during the ﬁcld survey.
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3. FIELD SURVEY

3.1 Direct Levelling

Direct levelhng i\fas executed in July and August 1986 in collaboration with Jamaican
counterpart to set up Ihc tcmporaxy bench marks which were the basis of detailed
tOpOgI‘dphlL suwey :

The accuracy of the divect levelhng was as follows:

(1) Ciosurc of loop from B.M. to B.M. 10 mm V5
~ (2) Closure of foop with other T.B.M. 10 mm + 10 mm J§
where, VS is length of running in km.

3.2 Topograﬁhic Surveys'_

Topagraphic suTVeys. mcludmg plane table surveys, and cross-sectional and profile
surveys were carried out from August to October 1986 to supplement existing maps at
scales of 1 to 5,000, 1 to 12,500 and 1 to 50,000 as well as the aerial photos, at the
following places and routes:

(1) Existing dam site (Plane table survey),
(2) Proposed alternative dam site (Plane table survey),
(3) Existing bifurcation (Plane table survey),
(4) Existing syphon site (Plane table survey),
(5) Reservoirs and ponds (Plane table survey),
(6) Upper steéam of the Rio Cobre River (Profile and cross sectional levelling),
(7) Main canal (Profile and cross sectional levelling),
(8) Old Harbour branch canal (Profile and cross sectional levelling),
(9) Hartlands branch canal (Profile and cross sectional levelling),
(10) Pipeline and concrete flume of St. Dorothy Irrigation Authority (Profile and cross
_sectional survey),
(11) Existing and proposed drains (Profile and cross sectional levelling), and
(12) Typical on-farm developrent sites.

' In addition to the above surveys, the proposed dam sites on Coleburas Gully and Plantain

River were surveyed in September by means of direct levelling. All the results of the
" above works were utilized as basic data for preliminary design of the proposed structures,
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Table A-1 SUMMARY TABLE OF BENCH MARKS

" RO T R RO T T T T D T T T D

Name of Elevation Name of Elevation
B.M. (m) T.B.M. . (m)

11 15257 TBM - 1 44358

17 . 15381 CTBM -1 - 47.035

18 13.899 ~ TBM-2 39.118

19 13338 TBM-3 46,177

20 14,229 TBM-4 48.571

25 19.825 TBM -5 44,102

2 C21a7t TBM - 6 39,255

30 21.387 TBM -7 27.672

33 21.508 ' TBM - 8 20,275

35 21.451 TBM-9 36.688

38 29.030 TBM - 10 30.59%

39 28.545 TBM - 11 26.244

169 20,172 TBM-12 20,325

180 30.799 TBM - 13 18.305

186A 42,366 TBM - 14 17.723

210 - 106.067 - TBM - 15 18.143

HP 14 15.662 TRM - 16 16.538

' TBM - 17 12.140
TRM-18 = 25430

TBM - 19 19.190

TBM - 20 14.377

TBM - 21 10.702

TRM - 22 13.503

TBM - 23 16.620

TBM -24 17.161

TBM - 25 23.164

TBM - 26 27.334

TBM - 27 21.586

TBM - 28 29.184
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1. INTRODUCTION

| Thé 'éti_idy area is composed of alluviura from the Rio Cobre and small rivers and covers
approximately 27,400 ha of which about 12,000 ha is presently irrigated by both the Rio
Cobre Imganon Scheme and the St Dorothy lmgatxcm Scheme,

The RIO Cobre basm located in the center of Jamaica, lies within the Parish of St.
Catherine. 1t is located between 76°49' and 77°10" west longitude and 17053 and 18°14'
north latitude, The basin is about 40 km in length in the east - west direction and about 45
km from north to south. It covers an area of approximately 1,180 km? and can be divided
into two distinct parts, the Lower Rio Cobre basin in the south and the Upper Rie Cobre
‘basin in the north. (see Fig. B-1) The area lies in the North East Trade Belt and has a
tropical oceanic climate.

Tettiary White Limestone Formations predominate over 80% of the Ric Cobre basin and
alluviums occupy the study area. The highly Karstic nature of the White Limestone
Formations, i.e. close surface depressions, the absence of surface drainage and well
developed sub-surface drainage, made definition of the exact position of the surface water
toundaries uncertain,

Thc main focus of this Anne'c is the Lower Rio Cobre basin but the other sub-catchments
which drain directly into the Lower Rio Cobre basin are also surveyed.

B-1



3. METEOROLOGY

2.1 Rainfall

2.1.1 Gauging station networks

and around the Ric Cobre basin as shown
amaica Meteorological Services (Ministry
n Kingston. Field checks showed

There are 56 non-recording rainfall stations in
in Fig. B-1. All stations ar¢ registered with the J
of Public Utitities, Communications and Transport) i
that most of the rainfall gauging stations were well maintained.

Rainfall is usually measured in the morning between 7:00 and 9:00 am., and is recorded
as rainfall on the previous day. The observed data are recorded on pre-franked post caﬂ%s
and mailed to Kingston every month. Collected data are published as monthly totals by -

the Meteorological Services.

2.1.2 Rainfall record

Monthly rainfall data for all 56 non-recording stations were collected from the Jamaica
Meteorological Services and the Underground Water Authority (Fig. B-2). Several
stations were eliminated from the study because of significant instance of missing data.

Monthly rainfall data were available for 20 rainfall stations for the period 1932 to 1985. -
The reliability of these data were examined by double mass curve analysis. In this -
analysis accumulated rainfall of one station was plotted against the arithmetic mean of all
56 stations. These plots are shown together with the respective correlation factors as Fig.
B-3. '

Thirty-four rainfall stations were thus selected for inclusion in the water resources siudy.
The average monthly rainfail for each of these stations are shown in Table B-1.

2.1.3 Rainfall data

The monthly ra_infall histograms of representative stations show a bimodal peak in May
and October (Fig. B-4). About 70% of annual rainfall occurs during the period from May
to October. The dry season usually extends from December to March.

Area rainfall distribution in the Rio Cobre basin was studied by annual isohyets and
shown in Fig. B-5. The rainfall in the north - eastem part of the basin with elevation in
excess of 400 m, has more than 2,000 mm per annum, while the southern part has less
Fhan 1,000 mm, The rainfall in the Lower Rio Cobre basin decreases from north to south
n accordance with decreasing elevation.

Thiessen polygons were established using 34 base stati i

. ations referred to in the previ
SCCUOH.. The polygon network is shown in Fig. B-6. The weighted factor of egcgist:lt?srsi
was esnmat-ed as shown in Table B-2. The annual rainfall in the Upper Rio Cobre basin
was determined as 1,640 mm (65 in.) at Linstead, and 1,980 mm (78 in.) at Sligoville -

B-2



There are eighteen rainfall stations in the study ar¢a as shown in Table B-3. The monthly

~ rainfall data of the three stations are shown in Table B-4 and seasonal distributions are

 shown'in Fig. B-4, The average annuai ramfall varies from 720 mm to 1,180 mm as
_ shown in Table B-3.

2.2 _Climat’g_
2.2.1 _M_étéo,roiogical stations

Three meteorological stations are located in the study area, at Bernard Lodge, Bodles and
Innsweod 2 as shown in Fig. B-1. The Bernard Lodgtﬁ Meteorologlcal Station has been
operated by Bemard Lodge Sugar Estate (B.L.E.) since 1937. It is situated on the centre
of the study area: Daily data provided by B.L.E. are presénted as monthly summaries on
Flg B-7. The Bodles Meteorological Station was established by Meteorological Division
in 1969. It is situated within the St. Dorothy Irrigation Scheme. The Innswood 2
Meteorologxcal Station is located on the northers part of the study area. The station has
been operating since 1948, Of the three chmatologtcal stations, Bernard Lodge has the
lcngest period of climatological data and is therefore used in the irrigation and agronomic
studies of this project. The data from the other two stations were useful reference checks
on the Bernard Lodge data.

2.2.2 Climate data.
, (a) Temperature

The study area as well as the island of Jamaica lies within the Trade Wind Belt
and has a tropical oceanic climate. The mean annual temperature from 1931 to
‘1980 was 25.2°C (77.4°F) at Bernard Lodge and 24.9°C (76.8°F) at Bodles.
From January to March, the climate is cool with a mean temperature 23,7°C
(74.7°F); June to September being the warm season, having a mean temperature

~26.5°C (79.5°F). The absolute maximum was recorded at 37.2°C (99°F) in July
and absolute minimum was recorded at 11.7°C (50°F) in February. The monthly
temperatures from 1967 to 1978 at Bernard Lodge are shown in Table B-5 and 60
years average monthly temperatures from 1931 to 1980 at Bernard Lodge and
Bodles are shown in Table B-6.

(b) Humidity
" The annual mean relative hurnidity from 1968 to 1980 at Bernard Lodge was 74%
and 76% at Bodles, and the annual and diurnal range of humidity less than 20%.

Evening through early morning is high while the afternoon is low. The monthly
. values of relative humidity at Bernard Lodge and Bodles are shown in Table B-7.

B3



(c) Evaporation |
o 1978 at Bernard Lodge'_avéragéd”
Yday (2,007 mm/annum) at-Bodles
at Bernard Lodge and Bodles are

Evaporation from Class ‘A pan from 1967 t
5.14 mm/day, (1,877 mm/annum) and 5.5 mn
from 1972 to 1980. The monthly evaporations
shown in Table B-8. '

(d) Sunshine

The daily sunshing hours from 1967 to 1978 at Bernard Lodge avcréged _
8.0 hr/day. The monthly sunshine hours at Bernard Lodge are shown in Table .

B-9,
{e) Wind

The average daily wind run from 1954 to 1982 at Manley is about 15 km'per. hour
(8.1 knots) and the wind direction of highest frequency is East-South-East (ESE).
The monthly wind speed and wind direction at Manley are shown in Table B-16

and B-11.
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3. SURFACE WATER HYDROLOGY

1 Streamﬂow
1 1 vaer morphniogy '

.'Ihe Rio CObl‘(‘.‘- Basin can be dw;dad into two distinct parts, thr: Upper Rio Cobre basin in
the north, ard the Lower Rio Cobre basin in the south.

There are three major tributaries of the Rio Cobre above Bog Walk, these are the Rio
D'oro, the Rio Pedro and the Thomas river. Of these, the Rio Pedro is the largest
tnbutary, with an average annual flow of 1.7 m¥/s (61 3 C.F.S) at the Harkers Hall
gaugmg stanon

The Rio chre ﬂows m a well- defined channel through the hmestone of the Bog Walk to
~ Spanish Town gorge. From Spanish Town it flows in an easterly direction to Crawle
Ford, then it trns southeast and flows into the sea at Hunts Bay. The length of the Rio
Cobre from Bog Walk to the headwork, from headwork to Crum Ewing and from Crum
Ewing to the mouth of a river are 8.3 km, 16.3 km, and 7.8 km respectively, which is
a total of 32.4 kin.

Ferry river ris__c_s'on or near the contact between the limestone and alluvium. It emerges
north of the Caymanas swamp which has'a well-sustained flow. The river is peculiar in
its salinity that there is increased salinity with increased flow but this has not been
verified. The high salinity may result from sea water intrusion,

The Mountain river rises in the impermeable Cretaceous area in the northwest near Juan
de Bolas Peak and flows in a southeasterly direction. It is joined by the Crooked river
above Watermount. The river disappears into its channel gravels during periods of low
rainfall, between Watermount and Barry, where it is known as Worlds End Gully.
During periods of greater rainfall, Worlds End Gully joins Faiths Guily, which further on
continues to the sea as Coleburns Guily.

- Spring G'arde_n river emerges as a spring just north of Spring Village. Below Spring
Village, the stream is joins the Black river, before reaching the sea.

The Myttin river rises in the impermeable Cretaceous area in the north near Belifield and
flows in'a southernly direction. It joins the Cedar Gully at about 4 km above Colbeck.
From its confluence it is known as the Plantain river, and changes the name to Bowers
Gully before reaching the sea. During the periods of heavy rainfall, some runoff occurs.



3.1.2 Surface water catchments

(a) Upper Rio Cobre | -
The three major tributaries, the Rio d'oro, the Thomas river and the Ri.c_‘Ped!‘ro '
gauging station is located. The discharge

join near Bog Walk where water level | d. 1 harg
from the Upper Rie Cobre basin is measured at a strcarnflow gauging station in

the Rio Cobre at Bog Walk. The mean flow for the period from _197-2." to 1973 was
found to be 11.5 m3/sec from a drainage area of 537 km? (207 sq. miles).

(b) Lower Rio Cobre

The St. Catherine Plain is bounded by the Red Hills in the east, Point Hill'in the
north, Harris Savanna in the west and Hellshire Hills in the south. It is composed
with eight sub-catchments namely the Rio Cobre, the Ferry river, the Salt Island

Creek, the Black river, the Coleburns Gully, the Frasers Gully, the Bowers Gully
and the Clarendon Gully. Total catchment area is estimated at 645 km? (249 sq.

miles) and catchment area of each river is shown in Fig. B-1.

The Rio Cobre and the Spring Garden river have a perenniat flow but the other six
rivers are seasonal,

3.1.3 Streamflow records
(a) Gauging station network

Fight automatic continuous recorders and four manual staff gauges are pfcséntly |
installed in the Rio Cobre basin. The location of gauging stations installed by
UWA are shown in Fig. B-8 and Table B-12. :

Di;charge measurements carried out once or twice a month are used 1o develop -
rating curves at each station. These rating curves allow computation of mean daily
flow from the continuous stage recorder data or water level measured twice a day
by an observer. .

Thg locations of staff gauges installed during this study on the Rio Cobre at Crum
Ewing, the Spring Garden river at #2, the Coleburns Gully at Bridge on Spri'ng
.Gan.ien Road and Resources Spring, and the Plantian river at Colbeck are shown
in Fig. B-8. Rating curves have also been developed for these gauging stations.

(b) Discharge records

Daily and monthly discharge records are available for the Ri i )
near Spanish Towp, Crum Ewing and Bog Waik statiossl?ga?ac} 21:.161:1\32!“;:13??’
station on the Main Canal and near Spanish Town are available from g195%$' tg
198.5, and these stations are well maintained. Data on two remainin g
station are only available, one for two years and the other for five yeargs %}aczggg
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 of the recorders had been washed out by hurricane floods in 1973. The monthly
- mean dlscharge lecords are shown in ’Iablc B-13,

T hc rehablhty of the sn‘eamflow data rccordcd of RIO Cobre at Bog Walk, Crum
Ewing and Dam Site were checked using double mass curve analysis. The
analysis.involved plots of discharge versus basin rainfall and the discharge of one

- - station versus another station. These curves are shown as Fig. B-9. The results

indicated that streamflow records for gauging stations at Bog Walk, Crum Ewing
and Dam Site were of acceptable accuracy.

| (c) Dischargé data

‘Mean moﬂth.ly discharge on the Rio Cobre at Main Canal and near Spanish Town
-~ station from 1954 to 1984 are presented below:.

. Rio Cobre Rio Cobre near Rio Cobre

Month Main Canal Spanish Town Headwork
(03BY002) (03BA0O3) Station

| _ (m3fsec) (cusec) (m3/sec) (cusec)  (m3fsec) (cusec)
Jan. - 4.69 165.6 303 1070 7.80 27535
- Feb.. 4,55 . 160.5 1.63 57.5 6.19 = 2185
Mar. 441 1556 1.03 36.5 551 1944
CApr, 423 149.2 1.66 58.6 598 2110
 May 421 1487 381  134.6 8.14 287.5
~ Jun. 4,24 1498 8.33 2942 12.99 4587
CJul. - 461 1627 3.66  129.1 833 294.1
) Aug.' 4.76 168.2 3.62 1277 8.42 297.2
Sep. 4.72 166.8 7.56 2670 12.41 4382
Qct, 421 1485 14.13  499.0 18.32 6469
Nov, 4.40. 1555 11.33 4000 15.36 5422
Dec. 4.57 i61.2 6.02 212.5 10.54  372.0
- Mean 4.47 157.7 5.48 193.6 10.60 3530

The discharge of the Rio Cobre Main canal varied between 2.1 m3/sec and
6.2 m3/se¢ and the average discharge from 1954 to 1984 was 4.5 m3/sec. The
discharge of the Rio Cobre near Spanish Town from 1954 to 1984 varied between
0.3 m¥fsec and 26.7 m?/sec and averaged 5.5 m?/sec. Each station showed
considerable fluctuation depending on the season and the lowest flow for the
system was less than 2.0 m3/sec at the Rio Cobre Main canal and 0.03 m¥/sec at
the Rio Cobre near Spanish Town, respectively.

Annual dverage rainfall in the catchment upstream of the Bog Walk station was
- determined at 1,670 mm. Annual runoff coefficient for this catchment was
o computed at 0.32.



(d) Measurement of discharge

The measurements of discharges ot the Rio Cobre at_Bog Wfln(, 'Mﬁlilrcat_ltfl,r 1‘210
Cobre near Spanish Town and Crum Ewing. gaugmg'st_e}_tlgns,-onl_the _,\!;p_rx_ng
Garden river #2, on the Coleburns Gully at bridge on $prmg Qardgp Road and
Resources Spring and the Plantain river at Colbeck using d;g_itai--cu:}'cn} meter
were carried out in order to make a rating curve or to c§3ec!§ thfﬁ rating curves
developed from past measnrement. The results are shown on F1gf'8- 1010 B-16.

ent of discharge on the canal of St. Dorothy Irrigation Authority
were also carried out in this study in order to determine the loss along the
woodenstave pipeline, which carries water from the well at Freetown (Palmetto A
and B) to the canal at Bodles. The average discharge on the canal at Bodles
between August and October 1986 was measured as_O.-SOS-m3/seC, and the
discharge pumped up from the well (Palmetto A and B) were estimated as
0.341 m3/sec based on the data obtained from UWA. The loss along the
woodenstave pipeline, accordingly, was estimated as 0.036 m3fsec

(3,110 m3{day).

The measurent

The measurements of seepage through the foundations of the existing headworks
werte carried out in order to confirm the need for rehabilitation of the foundations.

The results of four measurements were as follows:
(Unit: m’/sec)

Discharge Discharge .
Date at near Spanish T g,_f;,e})age
Dam Site Gauging Station DISCharge
Q1) Q2) Q3=Q1-Q2)
17/9/86 5.22 5.10 0.12
25/9{36 6.63 6.53 0.10
8/11/86 5.58 538 0.20

12/11/86 4.52 ' 4.37 0.15

Frqm above result the seepage through the foundation of the headworks were
estimated as 0.1 m¥/sec to 0.2 m3/sec.

3.1.4 Study of the rating curves
(1) Rating curves at Rio Cobre Main Canal
(a) Observed data of discharge and water level
Measurement of discharge and water level wen i io M:
: _ ¢ carried out at Rio Cobre Main
Canal 414 times between 1954 and 1985, abowt 13 times a year on avérage (Fig
B-10). In the carly years, very consistent and reliable flow was observed. Since:

1982, kowever, dlS{{hﬂrge and water level tend to decrease because of siltation
and in later years, with excessive weed growth, t ,
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(b) Bxisting rating curve

“The rating curves were teviewed every two or three years based on observed

_discharge and water lovel data, Daily discharges were computed from the revised
rating tables. The existing rating curves prepared by the Underground Water

* Authority (UWA) in 1978 are shown in Fig. B-10. The daily discharge since
1979 is calculated by using rating curve No.2.

* (c) Verification of existing rating curve

- Verification of rating curve No, 2 as presently used, was based on discharge and

- water level data from 1979 to 1981 (Fig. B-10). These data give almost the same
values as data obtained from 1954 to 1978. The following formula was obtained
by using the least square niethod.

Q=687 H204

- From Fig. B-10'it is secen that the rating curve No, 2 is alimost identical with the
new one, Therefore, it is possible to use the rating curve No. 2 in order to
calculate the daily discharge up to 1981,

As the discharge and water level data after 1982 do not fall on the rating curve
‘No. 2, it is necessary to make a new rating curve. The rating curve formulas for
1982 and 1983 to 1985 were computed as follows, based on the observed data:

Q = 20.48 HO3S. (1982)
Q = 30.71 HU65 (1983 t0 1985)

The daily discharge calculated with these formulas is shown in Table B—13.
(2) Rating cutves at Rio Cobre near Spanish Town
“(a) Observed data on discharge and water level
'The measurements of discharge and water level were carried out on the Rio Cobre
near Spanish Town 440 tiimes between 1954 and 19835, 15 times a year. The dat
obtained are shown in Fig. B-11.
(b) Existing rating curves
The rating curves were reviewed every two or three years based on the observed
‘discharge and water level data, and daily discharge was computed with revised
rating tables. The existing rating curves prepared by the Underground Water

" Authority in 1973 are shown in Fig. B-11. The daily discharge since 1969 was
- calculated by using rating curve No. 5.



(c) Verification of existing rating curve

presently used, was based on the discharge
5 (Fig. B-11). The present rating curve was.
7 selected data out of measurements .-

Verification of rating curve No. 5 as
and water level data from 1954 to 198
calculated by the least square method using 3
numbered 19410 247, The rating curve formula is as follows:

Q = 20.04 (H-2.00)2.65

The rating curves for former periods were calculated and prepared separately by
using discharge and water level data from 1954 to 1978, and from 1979 to 1985,
respectively. The formulae caiculated by the least square method were as follows:

Q = 17.66 (H-2.00)275 (1954 to 1978)
Q = 23.88 (H-2.00)247 (1979 to 1985)

From Fig. B-11, it is seen that the present rating curve No. 5 is almost ideritical
with both of these curves. Therefore, it is acceptable to calculate the daily
discharge up to 1985 using rating curve No. 5. o

(3) Rating curve for the Rio Cobre at Bog Walk
(a) Observed data of discharge and water level

Twenty nine (29) measurements of discharge were carried out on the Rio Cobre
at Bog Walk between March and October 1986. The data obtained are shown in
Fig. B-12,

(b) Rating curve

The rating curves were calculated separately using discharge and water level data .
from March to June, and from July to October, because the different discharges
were observed even at the same water level after the big flood which cccurred in
June 1986. The formulae calculated by the least square method were as follows:

Q= 1420 H22  (March to June 1986)
Q =89.93 HIY0  (July to October 1986)

(4) Rating curve for the other staff gauge stations

Thc. rating curves for the other staff gauge stations such as Rio Cobre at Crum Ew;&ng, the
Spring Garden_ river #2, the Coleburns Gully at the bridge on Spring Garden Road and
Resources Spring are shown in Fig, B-13 1o B-16. These rating corves were dév'éloped

tentatively using a few data obtained between July and October 1986, °
] . Th
calculated by the least square method were as follows: © férrnula_e

B-10



Station . Rating Curve

1. Rio Cobre at Crum Ewing Q = 71.69 (H-18.0)!90 (c.f.5.)
2. Spring Garden River #2 Q = 6.69 (H-10.0)1.70 (c.f.5)
3. Coleburn Gully at bridge _ _

" on Spring Garden Road _ Q =7.71 (H-0.08)1.7 (m3fs)

4. "Coleburns Gully at Resources Spring ~ Q = 213 H559 (m¥/s)

' 3.2 Stream Water Quélity :
3.2.1 Water quality analyses .
Chemical analyses were carried out on samples of the Rio Cobre, the Spring Garden river

and the Coleburns Gully. Sampling locations are shown on Fig. B-8. The results of
‘these analyses are summarized in Table B-14.

'3.2.2 Sediment  load

Surface run-off originating on the Upper Rioc Cobre Basin contributes to the suspended
“load on the Rio Cobre. Suspended load analyses carried out in this study for the Rio
‘Cobre as well as the Spring Garden river and Coleburns Gully were included in Table
B-14, The data obtained so far are insufficient for estimating sediment load transported
from upstream, further investigations and measurements of sediment load are required
particularly in the flood stage.
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4. WATER RESOURCES STUDY

4.1 Probable Minimum Rainfall
Using the rainfall data, the probable minimum annual rainfall for thirteen rainfall stations
are analysed for 2-year, 5-year, and 10-year events by the IWAI method.

Trrigation planning required know}cdge of the distribution of rainfall as well as annu.al _
rainfall. A bimodel peak in May and October is observed in the study area as mentioned in
ach year of data period was extracted

previous sections. A monthly rainfall record for e _ |
and the Tesults were subjected to frequency analysis. The probable minimum monthly -
rainfall at Bernard Lodge is calculated as 772 mm, 533 mm and 437 mm in 2-ycar,

5-year and 10-year return period respectively are shown in Table B-135.

4.2 Probable Low Flow

Trrigation water of the study area is mainly diverted from the Rio Cobre at the Dam Site.
Using the discharge data on the Rio Cobre at the Dam Site, the mean annual low
discharge frequency as well as monthly low discharge frequency are analysed for 2-year,
S-year, and 10-year events by the IW Al method. The minimum 5-year annual discharge
was assessed 10 be 6.5 m3/sec as shown in Table B-16 (Fig. B-17). :

The minimum and 360 day dependable daily mean discharge in a year were studied for
each year of data for the river, and the results were subjected to frequency analysis. The
minimum S-year, minimum and 360-day low flows, were assessed to be 2.7 m3/sec and

3.0 m¥/sec as shown in Table B-16 (Fig. B-17). '

4,3 Available Discharge
Irrigation water is mostly diverted from the Rio Cobre at the Dam Site and conveyed
through main and branch canals. At main canal capacities of 8.0 m3/sec, 10.0 m3/sec and

12.0 m3/sec average available discharges were estimated accordingly. These results based
on gauged daily discharges from 1955 to 1983, may be summarized as follows:
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o (Unit: m3/sec)
Peak Capacity of the Main Canal

" Month

R0 mdfsec  10.0 m3/sec 12.0 m3fsec unlimited

CJan. 650 6.99 7.21 7.80
Feb, | 5.91 6.06 6.1 6.19
Mar. - - 528 5.36 5.40 5.51
Apr. . sa1 5.37 5.52 5.98
May 502 632 6.60 8.14
- Jun, L - 6.40 7.14 7.72 . 12,99
B N 61l 671 7.09 833
- Aug. o 6,43 7.13 7.52 8.42
Sep. 7.05 8.18 8.99 12.41
Oct, S co 744 8.82 9.97 18.32
Nov. . . - 717 8.42 0.44 15.36
Dec. w0 » 6.54 7.48 8.09 10,54
Mean . 633 700 . 747 10,00
Volume (million m3)/ year 200 221 236 315

4.4 Suitability of Water Quality

l‘ he wat_er of the Rio Cobre at the.pbint proposed for diversion is classified as C2-52
according to the standards: of the United States Department of Agriculture. This
classification indicated excellent water quality for irrigation with respect to alkalinity and
salinity,
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5. FLOOD STUDY

5.1 Basic Concepts

Flood records are available for the Rio Cobre at the_'. Dam Site from_ 1955 t_o'__l‘}:&i. It'is
very risky however o use such data for the main structure without cross checking with

results obtained by other methods. A rating curve is generally developed fm‘f’n' the results
hich thie peak

of discharge measurements during medium or low flow periods from w _
discharge can be extrapolated. Records of more than 20 to 30 years are usual.ly 1leeded'f9r
a reliable frequency analysis since the return period of design flood for a main structure 18

currently taken as about 100 years.

Accordingly, the probable flood had to be estimated from probable rainfall of which the
recording period was longer than that of runoff. In this study, the unit hydmgf_aph
method was employed for the conversion of rainfall into runoff and the estintated flood
discharge was compared with that derived from the records to determine the design flood

discharge.
5.2 The Rio Cobre
§.2.1 Flood records

Flood records are available since 1955, An automatic water level recorder has been
operated at the dam site since 1955. The annual maximum peak discharges estimated from
peak water levels vary from 30 m3/sec to 1,300 in3/sec. as shown in Table B-17,

Frequency analysis was made by the TWAI method, the Hazen method, the Gumbel
method and the Chow method. The results analysed by the IWAT method were almost
identical with the results calculated by the other methods. The resulting frequency data
and curves are plotted on log-frequency paper as shown on Fig, B-18 and the result
analysed by the IWAI method are shown below: S

Return Period Peak Discharge
(Year) (m3/sec) .(c.f.s)
2 167 5,900
5 378 13,300
10 583 20,600
50 1,251 44,200
100 1,640 58,000
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5 2 2 Probable maxnmum ramfa!l

Mcuor ﬂ{)OdS on the Rlo Cobre occur due to more than two days of continuous rainfall as
_shown in Table B-18. Acccrdmgly, two days contmuous rainfall is adoptf:d to estimate
the desxgn peak ﬂc}od dlscha:ge

Usmg four raunfall stauons data, namely Above Rocks New Hall, Linstead and New
Works Farm, recorded: annual one day, two days, and three days continuons rainfall on
each station are calculated from the daily rainfall records as shown in Table B-19. The
probable annual two days rainfall are estimated by the IWAI method for each station. The
arithinetic mean of these is adopted for estimation of the probable peak flood discharge.
The résults are shown below: -

(Unit: mm)

© RewmPeod 2 5 10 30 S0 100
AboveRocks . 133 227 307 454 531 648
New Hall 103 171 231 345 408 503
Linstead 145 256 349 517 606 740
New Works Farm 141 228 207 418 480 571
Average 131 221 296 434 506 616

523 Flood hydrograph analysis
) Unit hydrograph

Taking into account the availability of runoff and rainfall records, the unit hydrograph
micthod may be appropriate for the present flood study. Fig. B-19 shows the
representative major flood hydrographs observed at dam site, which includes the largest
flood which occured in June, 1966.

These four flood hydrographs are converted into the dimensionless ones as shown on
Fig. B-20.-Judging from the shape of these hydrographs though there is no great
difference, the hydrograph of June 1966 is adopted for the present study. From this
dimensionless hydrograph, the unit hydrograph is derived defining the flood
cﬁncentration time and the effective rainfall,

(2) Fiocd. concentratlon nme

The flood conccntrauon time is found by summation of the time required for a flood to
flow ont into the river course from the furthest point in the catchment area and the time
required for flood to flow down through the river course up to the point to be considered.
~ Several empirical formulae have been proposed for the estimation of the flood
- concentration time. Most of these, however, are only valid in the specific region where
‘they were developed. For exarnple, the flood concentration time is estimated at 2.5 hr by
Ruziha's formula as shown below:
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T = LAT2ARL)E)

T = ftood concentration timge in hr,

L = ength of river course inkm (17.5 km)', and

H = difference of elevation between the point to
furthest point in km (0.35 km)

where, : |
be considered and -

[

d concentration time is t0o short. -
charge is usually _cau_sed by the
d concentration time is therefore

Judging from the observed hydrOgra'_ph, 2.5 hr of _flog
From observation, it is obvious that a peak _ﬂood dis
rainfall on the previous day on the Rio Cobre. The floo

assumed to be 7 hr for the present study.

(3) Effective rainfall

The effective rainfall is that part of total rainfall, from which surface ronoff is: d:érivcd.- _
The total amount of surface runoff of the major floods and areal rainfall were estimated
from the recorded hydrograph shown on Fig. B-19. The total catchment area_of the Rio

Cobre is 578 km? at the dam site.

Flood Time 6/10/58 31/5/63  28/6/66  22/10/14

Surface runoff (inillion) 46.6 15.9 46.5 -10.3
Areal rainfall Date 4-5 30-31 26-27 21-22
Rainfall (mm) 180 189 335 - 100
Volume (miltion) 104.0 109.2 193.6 57.8
Effective ratio (%) 43 15 24 .18

Taking into consideration that the annual coefficient is estimated at 0.32 in Séction 4.1.3,
though the above results have large dispersion, the effective ratio was assumed to be 0.5
in this study. B

As the flood concentration time and effective ratio are given, the dimensionless
hydrograph can be converted into a unit hydrograph for a unit effective rainfall depth of
1 mm. ' -
{4) Hyetograph

In order to determine a rainfall pattern for design, observed hyetograph of major stonﬁ

rainfalpls are necessary. As there is no automatic rainfall recorder in this area, the
following formula is employed to estimate the rainfall intensity. '

t = RAfRe X (t/24)k

where, Rt = rainfall intensity during t hr (ram/hr),
R24 = rainfall during 24 hr (mm),
t = timein hr, and
k = coefficient (1/2)

B-16



' The above cquanon is cxtram)}ated to apply to the probable two days rainfall in this study.
(5) Probable ﬂood hydrogmph

Usmg the unit hydrograph constructed and ihe assumed hyetograph from the previous
sections, the probable flood hiydrographs with return periods of 100-year and 50-year
were obtained as shown in Fig, B-21. )

(6) Design flood

| The estimated_ﬂ@{)d' discharge.by.the unit hﬁdrograph and the one derived from the
records may be compared as shown below: _ :
' (Unit: m¥/sec)

Return Period 50 100

~the unit hydrograph : 1,170 1,570
~ the frequency analysm of the records - 1,251 1,640

The data period for flood records is similar to the period of rainfall records. The unit
hydrograph method in this study necessitated many assumptions due to the shortage of
data, Taking the above conditions into account, the design flood discharge on the Rio
Cobre at the dam site was taken to be 1,251 m3/sec and 1,640 m3fsec for 50-year and

- 100-year return periods respectively.

5.3 The Coleburns Gully
5.3.1 Finod records

Flood records are avallable only for the period between August and Novermber 1986, A
staff gauge was installed in August 1986 at the bridge on Spring Garden Road. Annual
maximum discharge in 1986 was estimated at 110 m3/sec with a catchment area of
87.3 km? based on flood marks,

3.3.2 _Probable inaxi_m_um rainfall

A major flood which occurred on the Coleburns Gully was due to one day's rainfall
~ because the catchment area of this Gully is less than one sixth compared with that of the
Rio Cobre. For that reason, one day s rainfall was adopted in estimating the design peak
flood discharge.

The records of rainfall at Old Harbour rainfall station which is located in the southern part
of the catchment area is useful for calculating the probable maximum rainfall. The
probable annual one day rainfall was estimated by the IWAI method for this station. The
results are shown below!
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(Unit: mm)
S0-year 100-yeas

2-year  S-year 10-year 30-year
169 225 252 251

Return Period

Old Harbour 91 136

5.3.3 Flood hydrograph analysis

(t) Unit hydrograph

Taking into account the availability of tunoff and rainfall records, the unit hydrograph
method was considered suitable for the present study. Judging from the flood records,
the triangular unit hydrograph method was adopted for the present study.

(2) Flood concentration time
Flood concentration time was estimated at § hr by Ruziha's formula as shown below:
T = LI(72(H/L)PS)

flood concentration time in hr,

- where, T =
L = length of river course in km {33.6 km), and .
H = difference of elevation between the point to be considered and

furthest point in km (0.72 km).

The recession time was taken as three times the flood concentration time judging from the
flood records.

(3) Effective rainfall

The effective ratio was assumed to be 0.5 by the same method as performed for the Rio
Cobre. |

(4) Hyetograph

As there is no automatic rainfall recorder in this area, the following formula was
employed to estimate the rainfall intensity.

t = R24/Re % (t/24)k

where, Rt = rainfall intensity during t hr (mm/hr),
R24 = rainfall during 24 hr (mm),
t = timein hr, and
k = coefficient (1/2)
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(5) Design flood discharge

Using the triangular unit ‘hydrograph described in the previous sections, values of the
design flood discharge in‘a retumn period of 100 years, 50 years, 30 years, 10 years and
5 years were obtained as shown bclow

: : (Unit: m3/sec)

_Rétﬁ_m’ Period  S-year 10-year 30-year SO-year 100-year

Design Flood Discharge 70 95 152 189 248

5.4 The Plantain River
'_5..4.1': Flood records

' Flood records are ai/aihblc'only for the period between August and November 1986. A
staff gauge was installed in August 1986 at Colbeck. Annual maximum discharge in 1986
was esnmated at 65 m3/sec with a catchment area of 31.5 kin? based on flood marks.

. B.4.2 Proba‘ble maximum rainfall

A majdr flood which occurred on the Plantain river was due to one day’s rainfall because
the catchment area of this river is very small comparing with that of the Rio Cobre.
“Accordingly, one day's rainfall was adopted to estimate the design peak flood discharge.

“The records of rainfall at Old Harbour rainfall station which is located in center of this
catchment drea were useful to calculate the probable rainfall, The probable annual one
day's rainfall was estimated by the IWAI method for this station. The results are shown
below

(Unit: mm)

Rétu_m Period 2-year S~year 10-year 30-year S50-year 10Q-year

.~ Old Harbour 91 136 169 225 252 291

543 Flood hydi‘ographr analysis

(1) Unit hydrograph

“T'aking into account the availability of runoff and rainfall records, the unit hydrograph
method was considered suitable for the present study. Judging from the flood records,
the triangular unit hydrograph method was employed for the present study.

(@) Flood concentration time

Flood concentraiion time was estimated at 2 hr by Ruziha's formula as shown below:
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T = LI(I2H/LYS)

where, T = flood concentration time in hr, -
[, = length of river course in km (14.6 km), and _
- difference of clevation between the point to be con

farthest point in km (0.47 km).

sidered and

The recession tine was taken as three times the flood concentration time judging from the

flood records.

(3) Effective rainfall
The effective ratio was assumed to be 0.5 by the same method as perfoﬁned for the Rio

Cobre.
(Y] Hye_tograph

As there is no automatic rainfall recorder in this area, the following formula was
employed to estimate the rainfall intensity. '

t = Roa/Rt X (t/24)%

where, Rt = rainfall intensity during t hr (mm/hr),
R24 = rainfall during 24 hr (mm),
t = time in hr, and
k = coefficient ( 1/2)

(5) Design flood discharge

Usipg the triai_igular unit hydrograph described in the previous sections, values of the
design flood discharge in a return period of 100 years, 50 years, 30 years, 10 years and
5 years were obtained as shown below: - |

(Unit: m3/sec)

Return Period S-year 10-year 30-year = 50-year it}O-year

Design Flood Discharge 26 49 77 100 146
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6. IMPACT OF THE LOWER RIO COBRE DEVELOPMENT

: 6'.1'_ Impact on Irrigation ‘and Drainage

A specific agricultural modernization and expansion plan for both the Rio Cobre Iirigation
~ Scheme and the St, Dorothy Irrigation Scheme is proposed for a 14,620 ha study area,
The study area will be irrigated by both surface water which is diverted from the Rio
Cobrc and gmundwater

At this stage, it is possible only to provide qualitative indicators of the likely impact of the
proposed irrigation and dfainage_system on the hydrology of the Lower Rio Cobre basin.

6.2 Impact on Streamflow

Since 1874, the Rio Cobre hias provided irrigation and municipal water to beneficiaries in
the Lower Rio Cobre basin through the present irrigation scheme, The total water diverted
at present is about 108 million m3 (88 thousand acre ft.) per year which is about one third
of the average annual flow of 315 million m? or about 47% of annual flow with 20%

‘chance of occurrence. This means that more than 60% of the runoff is wasted to the sea
every year

As the ;esults of the water balance study made in Annex-I show, the design capacity of
the main canal should be 9.63 m¥/sec after implementation of the Project. The future
“average anhual inflow from the Rio Cobre to be diverted to the St. Catherine Plains will
be approximately 315 million m?3 in an average year and about 221 million m3 in drought
years with a twenty (20)% chancc of occurrence. This represents a more than doubling of
available surface water in comparison with the present availability and tremendous
benefits to the St. Catherine Plains, Even if the whole of the available surface water were
to be diverted to the main canal for irrigation, there would be no adverse impact on
downstream flow as there are no water nghts for irrigation or any other purposes below
the existing dam.

6.3 Water _Quahty

The study area will be irrigated by both surface and ground water as described in

~.previous sections, Under present conditions, it is considered that the water quality is quite
suitable for irrigation as regards alkalinity and salinity, as shown by the results of water

“quality analysis. It is necessary nevertheless to monitor the quality of groundwater as
increasing use is made of fertilizer within the study area especially in view of the
tremendous use of groundwater when surface water is limited during a drought year, The
same will apply to the need to monitor the effects on groundwater of the use of pesticides
and other toxic chemicals if used on a farge scale.
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Tab!e B 1 AVFRAGE MONTHLY RA]NFALL (1931 1985)

(Umt mm)

No. " Sation Jan Feb. Mar. Apr. May. Jun, Jul, Aug Sep. Ocr Nov, Dec, Total
1 Hamony Pen 2427 28 31 83 102 10 98 105 165 93 40 806

-2 . MarchPen 24 29 21 40 88 72 29 72 104 181 76 37 113
3 Half Way Tree 18 25 27 40 8 70 34 72 90 182 82 32 754

4 Bemard Lodge 21 26 23 4292 18 35 80 100 187 98 38 820

5 Spanish Town 28 38 34 53 129 88 40 103 112 197 99 44 965

6 Halands1 - 41 26 41 58 86 87 28 -7v 132 135 72 S0 3833

7. Amity Hall S1. 16 38 69 82 76 36 58 59 120 8 48 735

8 Smattwoods 29 15 26 44 92 61 17 89 92 146 14 36 721

9 Innswood § 37 35 27 61 68 45 28 5D 90 143 713 &1 760

10 Tunswood 1 _ 32 36 37 35 120 94 45 83 131 207 108 59 1,007

11 Warwick Castle 2 34 40 37 64 126 88 41 80 145 209 90 54 1,008
12- Innswood 2 39 35 42 64 125 89 42 87 134 244 100 54 1,055

13 Old Harbour 46 46 53 67 141 105 - 53 131 - 146 223 11§ 54 1,183

14 - Bodlcmoseﬂan. 34 51 55 61 70 50 32 116 102 151 66 S2 840

15 Farm 2 _ 26 .32 2543 109 81 353 72 119 193 84 41 3878

16 Caymanas C. 30 34 33 60 127 89 S3 100 126 223 106 53 1,034
17. Lagoon 24 30 34 50 119 90 62 107 130 224 106 52 1,028

18 Dawkins 24 37 28 46 %9 80 S50 79 110 178 83 40 854

19 Sligoville 59 665 69 131 231 185 174 246 251 318 167 85 1,982

20 Belas Gate 45 62 .72 103 185 128 117 189 210 326 139 76 1,652

21 Point Hill 83 65 88 104 249 187 160 217 215 340 176 90 1974

22 Above Rocks S8 48 64 126 256 176 157 236 270 317 205 96 2,009

23 Glengoffe 78 57 61 137 .233 183 152 249 241 268 197 133 1,989
24 New Hall 47 53 .54 100 194 174 1865 188 181 220 116 79 1,572
25 Enficld 65 61 58 115 191 189 159 171 173 208 138 94 1,622
26 . BogWalk 64 45 52 .98 209 166 146 210 17%1 273 14 51 1,599
27 Bybrook 52 65 53 98 191 171 139 178 186 240 114 76 1,563
28 . Wakefield 43 63 60 102 173 175 140 167 174 248 113 77 1,535
- 29 Linstead 52 50 57 105 211 191 170 186 186 236 122 76 1,642
30 “NewWorksFarm 48 49 56 97 202 189 175 189 187 211 129 76 1,608
31" Ewarton 49 51 .53 78 188 167 120 140 155 222 105 69 1,397
32 Worthy Park 53 54 S0 79 187 165 113 157 172 245 124 68 1,467
- 33 ~ Rio Magio 109 76 70 122 240 184 163 206 178 245 214 172 1979
34 Angels 30 38 %2 82 119 95 84 128 198 202 110 74 1212
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Table B-2 WEIGHTED COBFFICIENT OF THIESSEN POLYGONS

) Unit: %)
Rio Cobre  Rio Cobre Rie Ct@bm SIJl'iII%i g:;:dcn Co(l}ﬁ;i;ns ng’::::_“
Rainfall at o . atbridge & Colbeck
: BopWalk damsic CrumBwing  at#2 ; OrCE '
No. eton Gl (SThm7) ©6km2) (2742 (13kn2)  OLSkmd)
i Harmony Pen - - i : . -
2 March Pen - - ) _ . -
3 Half Way Tree - 0.3 B - -
4 Bernsrd Lodge - - 0.2 B . .
5 Spanish Town - N 26 . - -
6 Harnifands - - ) . -
7 Amity Hall . - ) ] . .
8 Smallwoods - - ) -
9 Innswood 5 . . i w3 1'4.. ’ .
10 Innswood 1 - - - ) N .
11 Warwick Castle 2 - - . . ) .
12 Innswood 2 - . i ™7 i(; 3] 53
13 Old Harbour - - N . ; 18.2
14 Bodles Rose Hall . - - l N
15 Farm 2 - - ) i i}
16 Lagoon . ) y i ] i
i7 Dawkins - - 0.9 ) i .
18 Caymanas C. - 6'7 gé B ) )
19 Stigoville 54 : : - : )
20 Beﬁas Gate - - . } 3.9 76.5
21 Point Hill 6.0 56 5.1 - 322 -
22 Above Rocks 7.1 6.6 6.0 - - N
23 Glengoffe 1.2 6.8 6.1 - - -
24 New Hall 8.1 4.8 43 - - -
25 Enfield 8.0 7.4 6.7 - - b
2 Bog Walk 23 41 3.7 . A -
27 Bybrook 1.8 1.6 1.5 ; - .
28 Wakefield 5.5 5.1 4.6 - - ~
29 Linstead 2.7 2.5 2.3 - - -
a0 New Works Farm 2.6 24 2.2 - - -
31 EBwarton 12.0 11.2 191 - - -
32 Worthy Park 21.5 20.0 1B8.1 - - -
33 Rio Magno 12.8 120 10.3 - - -
34 Angels . 3.2 5.6 ; 3.0 .
Total 100.0 100.0 100.0 i60.0 166.0 100.0
Table B-3 AVERAGE ANNUAL RAINFALL RECORDS IN THE STUDY AREA
- No.of  ~ Avemge
Station No. Station Name Location Altitode Period of Complete  Annual |
Latimde  Longiwde {m) Record Years Rainfallitmm)
179789590 - Harmony Pen 17-55-24  76-59-53 8- 1965-1981 8 e
179769770 March Pen 175702 76-56.48 15 1937-1985 2 3
179769850 Half Way Tree 17-58-24  16-54-29 18 1937-1985 3 154
179769860 Bemard Lodge 17-58-12 76-55-4% 17 1937-1985 KT 820
179769971 Spanish Town 17-59-28  76-57-03 30 1901-1985 7 965
179770660 Hartlands 1 17-56-23 TI01-30 9 1969-1981 11 83f5
19770670 Amity Hall i17-5545  77-02-%2 12 1969-1980 6 135
179770750 Smallwoods 17-57.06  77-00.26 14 1969-7981 10 (23
179770780 Innsweod 5 17-57.08 770337 P2 19691677 9 760
179770860  Innswood 1 17-5847 770118 26 1948-1985 3 1,007
179770950 Warwick Castle2 175852 770000 24 1948-1985 31 1.008
179776970 Innswood 2 17-59-08  77-02-29 27 1948-19%3 25 1'055.
179771650 Old Harbour 1756-12 7706.54 30 1601-1985 64 1'133
179771670 Bodles Rose Hall 17-56-20  77-08-25 37 1972-1981 12 é‘ﬂ}
1807685590 Farm 2 18-00-40  75-53-18 9 1048.1985 3 878
180769650 Caymanas C. 18-01-14  76-54.338 6 1935.1985 38 1,034
180768690 Lagoon 18-02-00  76-53-18 3 1948-1982 2 1’523
180769550 Dawkins 18-00-22  76-54.12 6 1048-1984 4 é54
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Tablo B4 (1/3) MONTHLY RAINFALL

Station NO, 179760860

- Station name: Bermard Lodee

: (Unii: mm)
Year - Jan, o Feb. Mar, -Apr. May., Jun. - Jul.- Aug.  Sep, Qct. Nov, Dec. Total
1937 114 46 33 206 2565 155 297 912 947 2446 1875 104 9700
1938 66 28 76 257 795 229 505 2250 2482 1450 59.2 102 8832
1939 124 437 351 650 9272 561 236 798 632 4686 7892 109 16749
1940 310 472 267 127930 91 76 - 439 1407 419 99.1 -
1941 785 1575 24.6 1341 1090 74 663185 605 141.0 216 37.1 8560
1942 193"_ 08 1.0 218 1059 2637 41 2413 1120 1981 51 940 1,067.1
1943 - 559597 191 1656 191 53 340 373 2134 13 191 -
1944 _'2.8_' 56 4.6 20 274 1138 11022332 917 3586 287.0. 94 12644
1945 422 53 - 234 7720297 503 171571684 197.1 1948 1212 -
1946 ¢ . - 378 178 447 91 99 66 25 617 932 140.7 259
1947 0 203 790 = 20211 79 894 638 1882 564 183 122 .
1948 368 1.3 23 663 3294 2215 353 109 1636 1128 668 3.8 -
1949 .13 - 180 282 912 508 455 437 1590 648 257 24.1 .
1950 1.2 89 7.9 - 147 216 234 119 1516 1445 419.1 1052 414 9614
1951 0.0 00 64 224 1203 201 267 2766 218 1344 808 36 1224
1952 368 246 . 001367 0.0 102 1433 665 422 721 511 470 6305
1953 132 64 137 5.1 1453 612 457 274 2200 869 389 175 6813
1954 312 52007260127 1072 58 66 937 1173 1176 584 00 6752
1955 114 373 - 69 353 455 1212 10L1 1163 1123 622 991 36 7522
1956 - 4.1 272 434 493 239 TL1 1488 163 89 2642 472 381 425
1957 i85 371 424 S13 1814 - 119 119 399 1313 1422 185 53 6917
1958 U 625 622 475 0.0 4519 1219 980 274 828 4333 937 363 15175
1959 38 9.7 102 429 823 00 00 175 43 1059 719 376  386.1
1960 610 - 76 4677 160 122 4704 282 655 1687 323.1 1483 658 14135
1961 90 1.5 104 706 302 229 483 305 940 4912 124 828 9039
1962 183 114 7.1 551 876 582 104 417 650 1712 100 630 6990
1963 257 . 49.5 249 572 2725 1186 1L7 1285 259 7005 935 412 1,549.7
1964 145 56 0 1.8 284 1344 163 226 1041 879 1521 742 234 6653
1965 - 102 00 99 142 1052 127 03 300 1016 660 1374 691 5566
1966 389 0.8 107 7.9 1656 2812 269 584 729 1552 266.7 409 1,126.1
1967 1.5 132 541 650 43 196 05 36 620 561 1450 00 4249
1968 . 234 175 373 1.8 56 480 00 617 297 2426 422 427 5525
1969 912 155 74 165 1882 3112 00 1026 1201 1842 592 937 1,189.8
1970 3710 53 00 0.0 2169 180 826 1173 805 S16 927 216 7247
1971 231 378 175 566 25 00 30 638 201 1643 1184 589 5662
1972 79 47.0 356 739 759 1539 00 368 236 1897 00 930 7374
1973 414 135 0.0 343 25 69 38 754 404 3978 316 930 7605
1974 56 119 86 297 239 25 284 1984 3523 284.0 287 13 9754
1975 28 00 00 20 333 00 135 168 1565 792 838 201 4079
1976 - 33 325 1027 221 00 102 00 206 241 660 155 38 2083
1977° 5.1 206 00 1334 772 74 00 709 20 792 216 394 4567
1978 610 224 1717 561 744 . 114 94 330 157 1501 851 - .
- 1979 168 737 0.0 2985 445 3523 1334 104 6375 - 236
1980 0.0 . 56 . 43 330 1229 1951 157 1138 262 102 - . -
1981 3.8 00 508 130 602 1570 47.8 1306 9.1 3373 1704 . .
- 1982 00 00 - . 117 838 269 282 13177 494 2235 .
1983 - 948 07226 17 9.2 - 7.0 210 78.1 . -
1984 - 382 843 281 .- . - - - - M4 81 - -
1985 100 250 150 600 697 30 225 800 450 200 950 180 5232
Mean - 215 262 23.1 423 919 796999 1869 98.1 37.6 8199

7.6

35.2
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Fable B-4 (2/3) MONTHLY RAINFALL

. {Unit; ﬁam}

Station No. 180769650 Station name: Caymanas © o e Total
Yoo tu. feb Mo S0 oy, June R MR S A -
193 104 76 68.8 1107 3048 484.9 ‘1:;1; :ﬁ.g-lgg-g 1‘93-3 gg-g 333 "§§§j;’
1937 21.8 109 222 l?gg lf;; gg-; 47:0 239-'3 1603 978 554 196 8705 .
W38 48 A3 D T4 460 438 523 B4l 1466 1750 7671 549 1474
193 K1 1881240 o2 02 208 13 191 1412 572 693 6157
o 42 1133 025 43 569 564 3L8 1862450 1029 10284
o 447 e 1480 1200 2010 224 2174 1130 2235 2L1 589 12118
13 216 259 607 6L0 117.6 909 127 693 848 3080 389 137 9060
Jotr 245 - 56 249 907 792 SLI 1521 917 5425 511 424 .
1945 294 221 10 503 932 43 57.4 1735 1905 1770 160.5 1245 1,083.6
1946 L0744 1247 48 114 572 343 979 1410 157.0 140 S
067 251 665 84 175 51 140 625 597 2317 S44 130 145 6264
045 792 25 . 668 3680 1910 2.7 823 1544 1252 1359 345 -
046 08 97 S36 00 1427 470 970 61 653 455 157 5137 5347
1050 236 307 213 462 611 559 I35 1471 1199 4285 714 163 10414
1951 00 218 587 178 1153 [73 1207 2604 49.0 3066 1854 2.5 11554
1052 323 185 220 467 467 945 7TL6 406 544 7635 942 361 13221
1953 439 481 208 5.1 1407 49.5 462 414 2637 1IL5 861 704 9185
1954 163 871 429 399 1816 315 S$6.1 2832 1046 2431 841 00 11704
1955 .
o
1957 7.4 44 ST 437 1046 30 124 470 1316 1499 9.9 64 G182
1053 500 330 488 15.0 5085 1143 686 1372 1514 3711 932 467 16378
1956 135 3.0 124 800 2266 00 106 5.1 333 1435 1699 110.0° 8169
1060 1057 417 40.6 S4.1 193 4872 169.9 1365 247.7 4285 1189. 919 19423
1961 LA 122 429 523 191 617 1097 605 177.0 513.6 1463 201.2 14679
1962 173 6.1 102 103.6 1219 864 292 737 1349 1943 635 174.0 1,045.0
1963 203 G660 483 7.5 4564 1067 TL1 1372 $69 9749 169.7 ' 940 23089
1964 305 302 00 1224 1844 394 216 1666 33.0 1549 526 244  860.0
1965 241 00 470 76 2009 00 51 610 2159 953 1816 1105  950.0
1966 851 00 00 00 953 2021 1880 864 115 2413 2497 2L1 13703
1967 64 305 89 1638 279 394 102 178 483 1003 533 1.6  Si44
1968 00 127 648 114 114 813 356 726 541 1920 1359 279  699.8
1969 699 178 305 584 1000 3620 00 902 1778 2581 572 622 13739
1970 838 64 00 140 2870 44.5 2019 1067 1257 1054 1062 00 10815
1971 279 254 660 254 254 5.1 102 1753 927 1473 1753 241  800.1
1972 89 1067 648 279 1461 1651 330 724 - - - . -
1973 343 165 64 330 102 336 305 762 1130 4356 559 1397 9868
1974 64 216 229 533 330 5.1 483 2327 3073 3378 1156 622 1,246.1
1975 51 00 64 254 229 89 826 513 1943 1384 953 470 679.5
1976 8.9 533 292 114 114 S1 38 483 368 452 495 89 3110
1977 13 254 114 1708 7LL 38 512 897 76 S08 660 902 6459
1978 724 229 1372 483 1321 254 102 1448 965 3366 109.2 0.0 11354
L7964 437 254 191 665 BLT 106 851 SBB S - .
1981 196 36 7B7 86 1181 787 915 1097 660 1400 1600 - )
1982 30 S10 00 954 884 40 190 226 1870 990 30 102  $82.6
1983 00 1570 280 510 3810 M70 51 651 61 1463 18 - .
1984 210 805 1060 - 410 315 440 460 1221 340 1140 . ]
1985 90 175 160 1005 285 200 60 770 680 8.0 . . .
Mean 300 344332 595 127.1 $8.6 S31 999 1255 1232 1063 531 10300
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Tsble B-4 (3/3) MONTHLY RAINFALL

Station sawme: O3 Hurbour

Sion No, 179771650 - . : : {Unli: mm}
a0 Jan Peb, o Mur Ape My, dan, b, Aug. Sen O, Nov,  Der Toest
1901 465 25 85 A1 1003 a3 803 1273 3332 1588 218 lia) 1465.3
1902 . 328381 312 747 . 762 1847 03 1308 447 321 886 TL6 825.8
k903 2367 203 310 1026 3B 1003 T 462 43,0 3T ML7 - 841 1S 14915
1904 500 521 12120 U841 60 2616, 46 0 561 1245 MR 457 394 1,515.8
1503 e OB T82 0 632 1308 483 105 1702 1897 WS 508 1697 .
1906 CABAC TEOT X7 1107 3376 s810 00 842 2550 - TR0 1067 . -
1807 S10.2 . S04 0.0 00 7S 470 608 193 1433 4603 3% 152 §25.0
1508 WA . - eSO 320 - 3uE 383 §s1g2 130 MI2 55T 1l .
1809 - 13 - 338 3438 - Wed 187 - s062 PR 1 B S .
9ie L4700 W98 T 196 - 404 429 838 9T ilav - M2 428 02 1,000.3
111 635 - 00 148 495 ST 183 183 127 330 1003 1LY 206 §16.9
1912 5 RS Y W - T+ B & 25 36 o388 18 1390 6363 1 955 148333
1913 673 330 838 1257 S92 628 218 1489 IS 439 &858 K7 926.0
1914 534 &5 137 218 191 el 43 1265 259 782 B3I 9§55 8538
1913 700 0 &3 508 - -0 1009 3066 215 1263 2452 203 1008 0.0 -
1518 NG . BSA WL N3 954 597 0 101 A4 1384 4N 66 0 11T 15015
S131F - - . - .- 533 627 s 533 M1 ssd - 394 -
1818 178 -45.0 1486 . 121% - 1781 . 381 0N 782 427 1186 351 0 503 830.4
1919 T1403 0 51 054 1692 784S A T4 478 176 3386 0o 1626 1.956.6
1920 0.0 .BLS- 3880 . 0.0 1288 0.0 o0 798 388 38 Ly 597 5180
1921 884 4858 . 1393 1765 . 2647 119% 343 610 1189 988 318 14 L6
1922 310 107 HA 333 404 218 127 846 43: 286 1389 197 7183
1523 183 853 198 M6 1812 . 14D B1 - 963 292 1605 589 00 707.6
1874 483 235 145 0.0 25 820 . 544 1712 2611 . 1648 MIZ I3 18956
1525 168 0 584 28 184 - FT3 0 213 S8 509 6160 Mo BAs . 523 7633
- 1926 107 - 404 82§79 1148 36 368 2050 2570 26T 846 M6 1,0503
1837 733 103 56 102 WIO 0 WS TL$ 953 187 /LY TS 102 13158
1928 48 146 FIG . 49 814 4ol 51 IS4 1905 VML 442 336 L1176
1929 417 881 §1&F 234 180 802 46 1636 120 B3 190 759 $93.2
1930 591 02126 WA 1016 1463 &84 103 T5E . M85 1224 103 913 1,106.9
S15R 303 WY BT O P4 L0 1RY 823 113 1RG4 3BS 0 1RT 424 AN
1932 185 399 36 4RAS 2032 2236 155 488 1364 W05 1Ma 64 13407
1933 51 203 643 140 09 2335 303E 4490 3031 708 44 M7 2,571.2
1934 998 1029 1313 . TL1 876 B44 152 1434 S26 M54 828 M2 1,236
1935 38 . 823 1097 25 &5 625 101 1458 2006 2432 112 06 1,095.2
1936 Bl6 . 518 T34 - 627 AT ASES WS S22 1T® 2184 4T 513 L6114
1937 - 150 . 127 157 406 3104 A 401 18RS 798 35S 2087 B2 L1514
1938 Bl 211 S50 01529 T Wy 24l w0 2854 10 W3 04 - 36 9671.7
1939 427 250 363 187 - W1 480 914 2583 1356 3510 EES4 643 2,005.1
1940 1.3 - 518 53 2% eR 122 394 173 503 1354 1354 108 $21.0
191 63.5 1643 - 00 473 1TSS 66 33 84 11B4 19 724 561 509.3
1841 LU 9 43T 663 1674 4516 1TE W6 39 1367 5 1481 18329
1943 316 902 BIR WSE O N2 358 28 1521 STH 5555 9s® 15 12828
. 1944 35.1 36 L0 - 254 439 1946 1BS3 M64 988 2634 - 00 .
1945 .0 198 673 168 523 729 475 613 IBLO IS0 T2 1148 503 14384
1546 B3 321 1237 . 143s 33 1 Ay 581 457 116E K1 303 ney
- 1947 M5 851 581 132 0 sl 137 IS8 IMG 1465 1054 437 TE §25.7
1948 9. 226 1371288 0 3012 192 152 SP4 2115 1943 907 853 1,408.9
1848 142 452 M5 a4 g TS MIE 470 1933 I64d 0 610 383 952.2
‘1950 354 24 427 /4 WS WA 147 IS 193g 6193 1473 244 1,515.8
1951 4.2 75 64 330 2174 450 361 273s 1077 1028 $LY 656 424
1952 427 406 N2 1022 33 151 635 958 422 813 B0 553 7105
1953 e 14 - %8 76 ITMME O GE8 1438 130 292 857 22§ 1S 11304
1954 483 859 985 488 1510 - 305 419 1750 2812 1593 101 432 13004
1958 76 6LT  ALI 521 851 IN3 478 2840 M2 1669 224 M2 13018
1958 5.6 457 0 536 . 386 1267 31 142 M4 T34 W13 W6 s 13743
1957 338 G5B BIO . &5 . YIS 152 2y 153 100 ML 61 183 L1521
1958 1651 587 T2 15 s - = 388 1153 - 561 1151 -
1959 0z e 33 a2 awd - WL BS Tl iy SE me
1580 -~ - - 417 - 4846 450 . 133 3668 1303 814 -
1961 554 26 0 354 $83 N1 38§71 485 1204 A3By W4 4L 1,123.4
- 1562 -0 e R4 B0 10E . . 1E4 28324 411 104 G2R) 855 -
1353 00 584 353 290 1887 2958 BOG 3B 2F 4133 1064 704 1,305
1964 W®Ss 14 170 885 1994 U 1626 1626 SLE 1533 1186 56 1,018.3
1965 548 284 18 22 wnd 109 00 866 1702 04 1NLE . M9 915.5
1966 13.9 08 6.0 06 811 IS 224 20 81 1483 1821 234 £0LE
1957 414 - 907 1067 . 267 351 601 188 143 958 1979 138 -
1968 185 211 g3 md T4 A4 k3 S WS ¢ 5 B I B U £ R ag £63.1
1969 © 7470 7300 86 0 4420 01T 1872 334 3068 432 4729 A10E M7 1,845.8
1470 419 885 442 442 2687 - I5MF 1349 - 183 912 2898 94 -
1971 493 - 2L8 170 M9 1204 00 513 102% 630 3’90 18 597 50068
1972 CERS T 626 1A% 0 403 - -1014 68 1x1 0 %65 %a 56 5658 -
1973 381 823 320 566 406 351 50 2334 027 4S5 M4 M50 13687
1974 3Lz 850 1568 . 068 . 462 00 - 178 233 2342z 1S5 803 25 11623
1975 - 160 5.1 00 ;™S a2e 60 783 1133 161E 828 6L3 WS 6183
1976 452 0 4935 &0 08 - 287 30D 51 293 s6 406 211 03 4099
1977 1L 185 3RO &5 wWes 45 107 1458 35 617 683 B1S .7
1978 925 .. 305 1034 12 0N 71 93 306 ML 1676 1768 32 7$5.0
1779 417 622 BA 13046 BE% . 325 1372 480 7628 1628 - - .
1980 3 14T 20 iBS 17 632 71 ™5 6718 - 883 1067 N
1581 780 3510 262 543 397 G5B 4R0 3381 €27 1260 1557 .
1982 - 633 542 150 126 12 123 - 238 3935 43 568 518 -
1983 5 1AS 51 566 - 333 0 613 - MHIE 310 1684 193 253
1584 794 438 . - SLI 402 130 B4 B4R 78D 1136 0.0 -
1985 200 364 327 145 72T 160 4T 753 MO0 M4z 116 498
Axe, 461 463  $29 473 1410 1048 533 1306 1456 2232 1181 538 IREXR]
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Table B-5 MONTHLY TEMPERATURE AT BERNARD LODGE

. (Umt o) -
Vour Jam. Feb. Mar, Apr. May. Toi 3 AVE.. Sep, Qct._Noy, Dec. _Me‘m
530 350 323 325 322 3L1 317
S WA 306 301 309 305 317 32,
e M. 166 178 169 177 198 212 209 209 212 202 207 168 139
Absolute Max. - 32.8 317 328 317 328 339 344 339 344 33.9 350 317 -
Absolute Min, 144 161 150 167 178 189 189 18.9 194 16.1 183 133 -
068 Mean Max. 302 208 306 313 323 307 337 331328 316 314 311315
Mean Min. 173 165 170 165 208 208 198 - - - 212 197 -
Absolute Max. 328 317 317 32.8 339 339 372 350 344 339 328 328 -
Abeolue Min. 128 117 128 139 17.8 206 144 - - - 183 172 -
1969 MoanMax. 298 307 318 325 320 3Ls 329 323 322 316 312 306 317
Moan Min. 189 181 203 207 - 199 189 187 204 206 207 193 -
Absolute Max. 311 322 32.8 33.9 350 333 339 350 333 339 333 317 -
Absolute Min. 167 150 183 194 - 183 178 172 172 189 178 139 -
1970 MeanMax. 303 307 309 322 317 327 330 318 3L9 326 309 314 317
Mean Min. . 187 190 19.0 201 214 219 222 219 213 209 210 187 205
Absolutc Max. 333 322 328 344 344 344 350 344 328 333 333 333 .
. Absoluto Min. 161 161 156 17.2 189 200 206 206 183 194 183 161 -
1971 MeanMax, 309 30.6 313 309 327 333 331 322 322 327 305 307 318
Mean Min,  17.3 190 182 19.6 208 218 211 2L1 211 210 203 174 199
Absolute Max. 322 317 32.8 32.8 333 350 344 339 339 339 3L7 328 -
Absolute Min. 128 156 161 167 194 200 19.4 200 194 194 189 161 -
1972 MeanMax. 304 302 319 314 312 315 325 326 341 317 324 315 317
Mean Min. 174 174 192 207 193 193 203 215 2L1 21.8 204 20.1 19.8
Absolute Max.,  31.6 328 333 333 318 32.8 333 333 350 328339 339 -
Absolute Min, 133 156 161 17.8 172 172 194 200 200 189 189 172 -
1973 MeanMax.  30.6 30.8 319 31.9 32.5 334 338 331 324 313 312 303 319
Mean Min, 187 183 194 206 2L1 223 219 224 222 213 180 138 204
Absolute Max, 31.6 328 333 333 339 350 350 356 333 339 333 311 -
Absolute Min, 167 156 172 17.8 194 206 206 206 206 194 156 161 -
199 MeanMax.  30.6 309 314 313 316 322 329 326 309 308 307 312 314
MeanMin. 157 158 163 164 200 215 211 21.6 214 204 184 17.9 189
Absolute Max, 311 311 317 317 328 335 339 344 333 322 322 22 -
Absolute Min.  13.9 144 161 161 172 189 194 200 200 189 144 144 -
1975 MeanMax.  30.6 304 309 314 318 328 32.8 334 317 313 312 306 316
MeanMin, 162 157 17.4 188 206 213 20.6 219 211 202 194 17.8 193
Absolute Max. 322 311 322 322 328 339 333 344 344 328 317 311 -
Absolute Min.  13.9 139 167 172 183 194 200 194 194 189 178 133 -
1976 MeanMax. 294 301 308 312 317 317 333 333 339 327 322 317 318
Mean Min, 15.6 158 159 19 2L1 222 211 207 214 213 206 194 195
Absolute Max. 311 3L7 322 32.8 333 339 344 350 361 344 344 344 -
Absolute Min, 128 133 156 150 183 200 200 164 194 200 183 167 -
1977 MeanMax. 300 306 317 311 306 32.5 337 338 331 328 326 319 32.0
Mean Min. 183 183 189 20.6 22.1 224 219 223 224 217 213 20.1 209
Absolute Max. 322 328 333 328 317 339 350 350 139 150 344 133 -
Absoluie Min.  15.6 161 17.8 178 200 200 20.6 206 206 200 194 183
1978 MeanMax.  29.7 30.0 307 30.6 319 326 335 333 s . . . .
Mean Min. 192 187 201 203 222 222 219 222 20 - . - .
Absolute Max, 317 3L7 322 328 339 333 344 344 344 . . . .
Absolute Min, _ 16.3 133 172 161 206 206 206 206 206 . . . .
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Table B-6 MEAN MONTHLY TEMPERATURE (1931-1980) _
S ' : {Unit;cC)
Jan. Feb - Mar . Apr.  Msy.  Jun, Jul,  Aug. Sep.  Oct. Nov, Dee. Mean

i..ilemaﬁilmge e T )
Mean Maximum' 302 3030 302 307 309 316 324 324 320 314 308 304 311
Mesn Minimum- ~ <169 168 173 184 198 206 204 204 212 205 1946 179 192
2 Bodles - ] L . . )
Mesn Maximum 295 205 297 305 307 314322 321 314 310 306 304 308
Mean Minimum 16,5 160 173 184 19.7 _ 20.5 '_20.5' 204 201 195 194 {82 189

. Tabic B-7 MONTHLY RELATIVE HUMIDITY . -

- : ) (Unit. %)

Station o Year - Hr. Jan.  Feb. Mar,  Apr. May, Jun. - Jul  Avg.  Sep. - Oct  Nov. Dec. Mean
Bemard Lodge 1968 (8hr - - 80 T4 T4 76 %5 79 83 87 85 86 80
: s I5hr - <M - 63 1 71 73 75 . 18 87 14 73 74
1970 08w - - 71 T2 76 e T4 T8 82 82 84 79 18
15 hr - - 58 57 65 64 63 67 &7 57 16 68 65

 DBodles - 1970 07hr 98 94 (7] 91 87 91 B m 94 95 a1 81 9 -
: 13he T 19 64 6 - 67 70 &7 o7 65 68 60 70
1971 O0ftr 93 N 91 84 3% 85 87 B9 93 94 92 92 0
13hr &0 61 59 & 67 5% 0 71 T2 &7 64 6l 63
1972 O7hr 9§ 93 9 B8 §7 87 88 87 80 93 %4 91 %0
Bhe 63 63 61 61 &7 67 57 &0 66 68 63 63 63
1973 O7hr 94 92 94 85 &4 &7 83 89 23 94 Ly 9z %0
13he 64 59 61 65 61 64 §7 &6 70 72 64 62 64
W4 0fhr 89 90 9 86 20 88 41 93 95 91 H 90 91
13hr 6] 62 58 58 83 -6} 62 a7 15 68 63 39 63
1975 Olhr 91 L] 9 86 87 82 88 91 g1 93 0 86 89
“i3hr 35 ht 61 63 o7 - 62 62 68 65 08 56 -
i%716 O7Thr 91 S0 %0 83 $o0 . 87 B2 57 85 86 B6 8D 81
. 13hr 61 60 &0 62 64 63 51 63 62 61 64 63 62
1977 OThr 90 92. - 82 8 85 B1 81 83 88 93 86 90 86
13he 65 67 66 65 70 62 &0 66 68 (S 65 0 6
1978 GThy 93 82 &5 9 82 83 80 84 87 §9 89 92 86
Bhe 73 69 64 65 66 63 56 62 63 68 75 0 ol
1979 O7he 91 85 7} 78 85 86 84 83 %0 87 85 §5 85

13k 74 64 62 66 &7 71 64 o6 76 &9 63 61 67

1980 O7hr 88 36 84 80 34 37 83 &5 81 85 83 3G 84

- A3t &4 60 61 68 - - - 64 64 [ ¥4 -

Mean (7Thr 92 20 42 &3 36 g5 8 87 g9 89 84 89 83

3hr - 64 62 62 64 66 64 &G [ 68 68 66 63 64

Table B-8 MONTHLY EVAPCRATION

_ ] ' - . {Unitmm/day)
Station Year Jan, Feb. Mar.- Apr. May. Jun. Jul. Aug, Sep. Oct. Nov. Dec.  Mean

Bemand Lodge J1967 36 41 A48 46 64 56 84 69 53 46 36 51 53
1968 38 43 48 61 74 64 69 56 51 36 41 38 51
1960 36 48 69 61 61 356 66 58 46 41 30 30 31
1970 38 46 61 71 46 58 58 33 48 356 3% 38 5t
191 41 533 83 56 66 L% 14 53 35 43 41 33 56
1972 41 48 51 56 64 56 11 69 53 48 43 38 53
1973 33 38 53 53 69 58 69 53 48 41 46 36 48
1974 3.0 33 48 46 TP 6% 61 48 335 41 30 36 46

1975 33 4% 56 53 46 - 69 51 38 30 36 36 46
97636 033 0 4B 51 6% 66 76 5B 61 46 41 41 33
1977 41 .46 61 48 46 69 64 61 61 53 46 - 5.3
918 - - - 61 6% 11 64 64 36 - - - 6.4
Mean 36 43 $3 56 64 64 69 58 51 43 38 38 51

" Hodles ... 1872 4.1..33 56 61 SE& 56 64 64 51 51 51 38 53
: 1973 36 58 69 71 16 61 74 56 51 46 43 41 56
1974 36 51 58 71 69 81 79 69 48 43 36 43 56
1975 48 58 6% 69 69 &1 61 64 48 43 36 43 58
976 41 43 53 S8 71 69 84 S8 &1 56 46 43 56
1977 48 51 58 64 56 N1 76 53 6% S$3 46 41 56
1978 36 53 48 61 &1 56 69 56 43 46 36 41 5
1979 43 S3 56 61 51 36 58 51 S1 48 46 46 S
1986 - 58 - 66 64 66 - 61 53 46 48 51 56
Mezn 41 53 58 64 64 64 71 59 53 47 43 43 55
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Table B-9 MONTHLY SUNSHINE AT BERNARD LODGE (Uit hours) -

Year  Jan. Feb, Mar, Apr. May. Jgn, J;I:; Aggs SF.Iep9 ’%(:l1 Nf;‘; ng?].az -
6789 719 18 85 90 81 9 5 S 118
w6 77 85 15 93 99 16 84 &l 72 T 81 s
69 85 94 87 89 19 72 92 81 16 16 618 8

igm g1 86 94 102 &1 93 86 85 13 87 gg g; g;
1971 85 86 83 94 93 103 10y 77 79 . 8.7 }.0 61 7.9

. 1972 80 83 79 85 85 72 95 90 61 172 b.q 7.5 _-?.4
1973 68 70 78 86 90 060 80 6.1 8_.0 55 &5 {2 75 |
1974 68 84 84 83 85 87 178 79 60 64 65 63 2D
1975 57 78 83 79 89 -. 00 81 67 73 &0 920 -
1976 82 L1 71 74 88 74 90 78 8.3 7.7 14 8.1 1.9
1977 74 73 85 67 57 80 18 73 65 78 12 - -
1978 - 1.7 - 84 83 82 83 78 12 - - - - -

979 - - e e e e e - -
Mean 77 81 82 85 85 80 B8R 79 12 785 74 79 80

Table B-10 MONTHLY WIND SPEEDS

| . (Unit : knots)

Time Tan.  Feb. Mar. Apr. May. Jun, Jul  Aug. Sep. Oct Nov, -Deg,
g0 - ot 43 53 52 50 63 18 61 47 43 37 34 40
o - 02 43 53 53 46 61 12 59 47 A1 35 35 42
0z - 03 46 53 S3 45 57 12 58 47 43 33 37 45
B - o 48 S4 S5A 43 58 72 59 46 .40 35 39 46
04 - 05 49 55 51 42 57 74 62 48 42 36 39 45
05 - 06 48 55 61 44 57 T4 64 47 41 39 38 45
06 - 07 47 54 56 44 60 17 65 S50 42 37 36 4%
07 - 08 45 54 58 45 64 88 73 53 44 38 36 42
08 - 09 46 56 59 54 16 102 87 63 55 44 33 39
09 - 10 50 66 74 74 97 130 113 82 77 54 40 43
10 - 11 65 83 96 94 117 152 146 112 103 75 .56 58
no- 12 81 104 111 112 141 167 164 137 122 96 13 12
12 - 13 95 123 120 120 147 173 177 149 136 109 87T 83
13 - 106 125 126 122 152 177 180 155 139 115 95 96
4 - 15 108 132 140 132 146 175 182 155 135 113 97 10.1
15 - 16 108 129 126 130 143 168 173 149 125 104 94 10.1
16 - 17 105 124 111 120 134 157 160 135 114. 94 87 94
17 - 18 99 115 116 1L1 125 145 146 121 103 84 78 85
18 - 19 87 106 107 102 110 120 130 106 90 73 69 175
9 - 20 77 91 92 88 96 120 It1 G0 75 59 59 63
20 - %N 65 81 78 7.5 83 108 97 75 65 47 49 54
N - 1 57 683 13 62 15 100 80 63 54 43 41 48
2 - 2 S0 62 63 S0 71 87 13 S8 47 37 37 A4
23 - % 49 54 54 47 68 80 63 53 42 37. 15 45

Mean 67 81 83 77 94 115 108 87 16 61 55 64

Remarks:  Values of wind speed at 10 m
Date period: 1954 10 1982
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Table B-13 MONTHLY STREAM FLOW DATA ON THE R10 COBRE

(Unit : m3/sec)

Ve Jan Fob,  Mar. Apr. May, Jun. Jul. Aug. Sep. Oct, . Nov.  Dec. Moan
1.A11£2m Site (03Y00h2+03fo{)03) _ - .. ~ _ - 302 835 -
1955 6.60 9.07 537 478 542 1000 1082 775 888 1366 834 683 8I3.
1956 570 521 478 567 7.5 1145 922 11.68 1137 2191 1429 1942 9.83
1957 711 536 573 524 646 643 648 596 1014 1288 731 611 710
1958 995 510 448 397 1178 1663 1038 1242 13.59 63.78 1500 127214.96
1950 948 718 573 626 796 664 511 516 489 709 5512204 775
1960 10.60 701 S49 1056 861 3303 1253 986 926 1430 2035 1443 1300
1961 8.60 767 618 641 505 593 690 525 905 2127 1469 2010 9.83
1962 11.66 740 579 853 9.04 1211 870 924 1113 1402 1617 1172 10.46
1963 7.13 626 671 671 1313 2104 9.69 10.67 - - 3546 2080 . -
1964 1328 935 7.61 1095 7.79 1023 1049 13.20 1295 1820 1058 852 11.10
1965 622 553 564 604 782 686 - - - - - 762 -
1966 7.80 5.1 474 5.19 7.28 43.16 27.5t 1175 1341 1937 26.17 1144 1524
1967 789 7.02 647 616 488 500 487 529 63% 694 563 398 588
1968 425 3.56 2.80 255 3.14 349 383 3.61 391 9.54 1105 581 479
1960 4.15 395 3.2 3.14 985 54.60 1891 1114 23.76 21.20 31.79 11.08 1639
1970 1651 694 639 534 1566 1111 832 997 1667 20.66 5495 13,61 1551
1971 979 804 575 547 776 527 510 608 1264 1453 1784 724 8.81
1972 844 552 484 513 905 782 542 662 891 1868 801 1179 B35
1973 684 634 659 575 4.2 584 588 807 1330 61.07 17.88 1840 -13.34
1974 ©.10 888 1230 687 612 626 436 744 2201 2036 2084 1257 1143
1975 720 609 492 410 470 493 480 585 1341 9.09 1626 7.96 7.44
1976 597 373 398 419 329 344 260 369 389 559 470 3.08 . 401
1977 347 366 370 436 733 593 425 507 792 7.88 534 603 541
1978 579 567 604 731 1230 1219 667 715 7.50 26.19 11.85 654 9.60 -
1979 453 666 522 1481 2267 2937 1559 1381 5142 2483 1956 1217 1839
1980 893 605 559 6.16 594 7.69 4.80 1063 1028 9.89 8.16 1848 8.55
1981 824 - 481 360 998 - 859 1700 1255 2165 . - -
1982 - - - - - - - - - 564 429 346 . -
1983 299 466 338 206 280 431 264 265 344 443 417 325 340
Mean 7.80 6.19 55! 598 814 1299 833 842 1241 1832 1536 10.54 10.00
2. At Bog Walk - T
1972 886 7.50 498 504 1008 9.80 694 697 10.73 1920 9.09 1317 937
1973 722 654 643 598 453 685 600 818 1328 61.74 18.07 1934 13.69
Mean 804 702 571 551 730 833 651 7.58 1201 4047 13.58 1626 1153
3. At Crum Ewing _ _
1971 402 558 326 042 532 087 094 220 615 937 1518 396 497
1972 374 047 020 057 377 413 065 162 340 1277 292 666 341
1973 205 134 145 105 011 125 115 295 827 5296 1068 1498 819
1974 459 413 895 208 148 132 024 227 1858 1982 1094 844 740
1975 227 097 049 015 086 030 076 158 971 527 1311 518 343
Mean 333 250 287 086 231 168 074 212 922 2004 1176 7.84 S44
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Table B-16  PROBABLE MONTHLY AND ANNUAL,

DISCHARGES AT DAM SITE

_ { Unit : m3/sec)
T return period 2-year S-yea i0-year
Jan, 1.4 5.1 4.0
Feb., 5.9 - - 4.0 3.2
Mai. 52 3.6 2.8
Apt.- 5.7 3.9 3.1
" May. 1.9 5.3 4.1
June. 124 8.4 6.6
July 7.9 5.4 4.2
Aug. 8.0 5.5 4.3
Sep. 118 - 8.1 6.3
Ocl, 174 119 5.4
Nov. - 14.6 10.0 7.8
Dec. 10.0 6.8 5.4
Annual ‘ 9.5 8.5 5.1
Minimum discharge - 3.7 2.7 2.3
3.8 3.0 2.7

- 360 day flow .

Table B-17 RECORDED ANNUAL PEAK DISCHARGE ON
' ~ THE RIO COBRE AT THE DAM SITE

. . . _ Rio Cobre
Year : Date Discharge River Main Canal
IS : Coe mifsec m3/sec m3/sec
1955 7th Oct. 60 55 5
- 1956 15th Oct, 142 139 3
1957 . 13th Nov. 43 39 6
1958 ' 6th Oct, 916 914 . 2
1959 2nd Dec. 141 136 5
1960 10th Jun, 345 - 343 2
1961 C SthbDec. 320 315 5
1962 : 12th Dec. 117 116 l
1963 ' - 31th May. 499 497 2
1964 29th Aug. 90 84 6
1265 3istDec. 42 37 5
1966 28th Jun. 1,316 1,314 2
1967 . 23rd Oct. 56 51 5
. 1968 ~ 14th Oct, 116 115 1
1969 . 16th Nov. 477 472 5
1970 8th Nov, 441 437 4
1971 _ 30th Oct. 108 - 104 4
1972 .. 18th Dec. 121 118 3
973 17 Ot 575 573 2
© 1974 - 22nd Oct. 375 n 4
1975 ' ~ 15th Nov. 113 111 Y
1976 . 20th Jan, 62 59 3
1977 30th May. 102 96 6
1978 . ' 3rd Oct. 125 121 4
-1979 12th Sep. 469 468 I
- 1980 . _ Tth Aug. - 273 271 2
1981 15th Aug, 223 220 3
1982 : 11th Jun. 30 25 5
1983 27th Feb. 102 9§ 4
7

1984 ' 16th Nov. 159 152
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Tablo B-18  RAINFALL IN FLOOD TIME ON THE RIO COBRE

_(Unit T mm)

Elood on 6th October, 1938

Date

Station 3 4 b b 7 g 9

ve Rocks - - - - N - .
I}:IJ;% Hall - Q 16 0 54 140 149 43
Linstead 73 153 116 64 O 0 0
New Works Farm 66 131 124 74 0 .0 0
Average S 46 100 80 64 47 50 14
Flood on 31st May, 1963 _

Date o

Station 25 26 27 28 29 30 31
Above Rocks 102102 128 102 152 89 19
New Hall 0 4% 41 10 58 75 102
Linstead o 37 46 11 54 113 161
New Works Farm 3 34 13 4 0 51 145
Average 26 56 57 32 66 82 107
Flood on 28th June, 1966

: Date :

Station 22 23 20825 26 27 28
Above Rocks 0 il 3 18 53 .38 O
New Hall 3 9 0 6 75 318 5§
Linstead 00 25 0 9 102 369 a
New Works Farm 9 i1 0 6 67 318 9
Average 6 14 1 10 74 261 4
Flood on 8th November, 1970

Date R

Station 5 6 7 8 9 10 11
Above Rocks 25 30 119 147 13 43 15
New Hall 30 0 105 51 24 B0 0
Linstead - - - - - - .
New Works Farm 19 18 150 160 32 81 0.
Average 25 16 125 119 23 68 5
Flood on 22nd October, 1974

Stari X . Daig k

aton 2 21 ) 3 )

Above Rocks - T 2% 43., 2? . ‘%
New Hall 0 0 20 8 o0 0 0
Linstead 0 0 13 9 0 0 0
New Works Farm 0 325 o4 i 0 o
Average 0 1 19 81 1 0 0
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