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~ APPENDIX A
General Economy

Background-

Location and Climate
Ees%EiQE |

Trlnldad and Tobago emerged 1ndependent in 1962. The Trinidad is-
land is 1,864 square mlles in w1dth averaglng 50 miles in length and
37 mlles in breadth. It is located very close to the South American Con-
tinent or faced to Venezuela, and the shortest distance between the both
“is measured only at 7 miles' On the other hand, the Tobago island is
B 116 square miles wldth ‘located 20 miles in the east-north of the Trlnldad.
1sland (Exhlblt A- 1) o '

| EEETﬁﬁﬁ
 ,Precipitatioﬁ'of_Trinidad fluctuates 4ccording to locality. In re-

_gar&'to'énﬁuai precipitafion,-it presents 35 to 66 inches at the light
-:raln areas and. 86 to 157 1nches at the heavy rain areas. From January
.[to Aprll 1asts the dry season at the both areas, and for the period is

‘the monthly‘prec1p1tat10n often  less than 3 inches. There is not large
fluctuation of thgltempérature:in.the areas, and’ the monthly mean of
'.daiiy'mékimuﬁ temﬁeature is 90°"Fahrenhéit in February. The climate of
_Tobago is. as much ‘as that of Trlnldad but -the temperature of Tobago tends
to be somewhat Iower than that of Trlnldad subject to the sea breezes to .
the 1$1and ‘ Hurrlcanes hardly attack Trinidad, but occasionally attack
TbEagdz In 1963, the Hurrlcane Flora attacked and caused con51derable
i'fdamage to the Tobago 1sland '



Population and Labor

The population in 1966 is estimated at 950,000 in Trinidad, and at
35,000 in Tobago, totaling 985,000. The pepulation density of the said
year is 497 persons per square mile. "The natural increase rate of the
population from 1946 to 1966_15 2.8 percent each year, relatively high.
On the other hand, migration from the islands is found considerably
iarge, 5,140 persons in 1966, and, according to Budget Speech 1969;{
about 11,000 persons on an aﬁerage migrated from the country during a
year, July of 1967 to June of 1968,

Labor Force

The.structural transition of the labor force classes according to
the industrial fields of Trinidad and Tobago is shown in Table A-1.
The labor force of Trinidad and Tobago, 15 to.54 in age, accounts for
about 49 percent of che whole population, but practically only 75 per-
cent of the labor force engages in economically productive activities.
About 20. percent of them works in agrlcultural fields 1nclud1ng foresty,‘

huntlng and’ flshery )

" Economic Asnects

Gross demestic'product (G.D.P.) in‘Trinided'and Tobago showed an
increase of ‘10 percent in a. year 1950. In the initial part of 1960's the
:annual 1ncrease got down to 3. 5 percent because the investment to pe-
troleum reflnement 1ndustry and the 1ncrease rate of the petroleum pro-
ducts showed dlmlnlshed In recent however, it has recovered the in-
crease rate agaln, attalnlng 6 to 7 percent annually for the perlod

1963 to 1968, and the comp051t10n of ‘each 1ndustry in G.D. P from 1963

1/ Dr. Eric Williams, P.C. Budget Speech. Trinidad and Tobago, 1968.



to 1968 are shown in Tablg A-2. For this period, the increase rate is
?;4 pércént each yéaf, which is relatively high.. On the other hand,
G.D.P. per capita increases from TT§1,164 of 1963, to TT§1,610 of 1968,
averaging the growth rate of 5.4 percent.

Index of retail price has risen by 21 percent at the end of 1967,
comnaring with that of September 1960, and_further the tendency of in-
crease has been going higher in recent. Wage rate during the said period,
moteover,.became'dOUbled. Unemployees account for 14 percent of the labor
population and the under employment for 25 to 40 percent of the labor
pbpulation. The foreign exchange reserves are expected to be TT$165
million (US$82.5 million) in December 1968, according to I.B.I.D.L/

Land Utilization

_ Total area of Trinidad and Tobago is 1,980 square miles {approxi-
" mately -1, 267 000 acres], of which 6.0 percent or 74,000 acres are measured
7 of Tobago 1sland Crop flelds and pastures account for about 29 percent
" of . the total area, About 50 percent of the total area is the forest zone
-~ and 1ts secondary, S0 that crops, and pasture area are respectavely very.

"small, about" 0 37 ‘acres per cap1ta, The area the Government owns is about

| ].571 000 acres o5 percent of which is covered with the forests and the

:secondary “In the area, 100,000 acres are favorable for agricultural

development

"Production of Agricultural Commodity

: Agrlculture of Trlnldad and Tdbago including forestry and fishery
occuples only a: small portlon among the entire economic structure of
_-the_countryt.nln splte_of an increase of the absolute quantity of agri-

cultural prdducts,'agfiéulture has contributed to the Gross National

1/ Government of Trlnldad and Tobago Thlrd Flve Year Plan, 1969-1973
(Draft) Trlnldad Government Prlntery, p. 37.
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Proruct'[G N.P.) with the decrease rate from 17 percent to 8 percent for
the . period 1953 to 1968 respectlvely  Main products for exports include
sugar, cocoa, fruit, coffee banana -and coconut. Sugar exports account
for 33 percent and cocoa 8 peréent:of agricultural products. In addition
to those products for export, around and suburbs of cities are vegetables
farmed.iﬁ a relatively small scale. Sugar, coconut and fruits are single
crops which are cultivated in a large scale, and the products account for
two thlrds of the entire products, The rest is cultivated in small-sized
farms Farmers who own less than 20 acres are considered to account for
approx1mate1y 90 percent of the entire farmers, and generally productivity

‘of such farmers is low.

Most of the_livestock are raised on the small-sized farms, and the
dairy farming is going on: the Starting stage. Dairy cattle being raised
are considered 15,000 heads, of which 80 percent are raised by farmers
who own léss than 4 heads On the other hand, the first filial genera-

" tion and the purebred being ralsed are not more than 1, 500 heads. Al-
.though no rellable data are found avallable milk produced in the country
is con51dered only to be supp11ed as much as tenth of the demand. The
"rest of the demand is. supplled by annual 1mports of raw milk in 22 million
gallons worth TT$14 m11110n 1nc1ud1ng the converted quantity of cheese

and butter products The total products of beef are considered nearly
2.6 million. pounds, “of ‘which rather large quantity is supplied with water
 buffa1o [estlmated about 4 OOO ‘heads). Approximately 18.0 million pounds
of meat (beaf and pork) worth TT$9.5 million are imported every year.

1In the last’ three years,_lmportlng of chicken of estimated 10.0 million
"pounds over in a year has been substituted to producing that in the country.

.. The products of pork are st111 extremely small 2 million pounds in a year.

Markéts‘and'frahsportatidh

In Trlnldad and Tobago petro- chemlcal industry is so flourish that
a great deal’ of by—product, a5pha1t, is obtalnable by which whole roads
are well paved over the country Therefore the transportation of materlals
are: conducted promptly through thlS road system

R -



Port of Spain, the capital of Trinidad and Tobago, and San Fernando,
the second largest city, where 134,000 population inhabits, take a role as
the markets for the agricultural products., Further, agencies of the
Central Market are distributed all over the country, not only controlling
the wholesale and retail market, but also functioning the production ad-

justment:through the Support Pricesy/ for prevention of the overproduction,

Foreign Trade

The composition of imports and exports of Trinidad and Tobago in 1966
are -illustrated on Exhibit A-2. As the Exhibit shows, petroleum and its
Productions take a great role in the relationship of imports and exports
of Trinidad and Tobago.. That is to say, both account for 50 percent in

.the impbft and 80 percent in the exports,

On the other hand, in regard to the exports and imports of food which
would represent the agricultural products of this country, it shares the
imports at a rate of 12 percent, ranking the fourth, whereas export at a
rate of 8 percent, ranking the third. The exports and imports status of
the. representatlve agrlcultural products, including the livestock division

are-illustrated in Table A-3. It shows that ‘sugar, cocoa and grape fruits

>

_ account for the most part of the exports, and the milk and cream, rice,
wheat, flour, meat, and feedlng stuff in order, are included in the imports,
:_In_reference,:the import status of ﬁeat and feeding stuff from 1962 to 1966
'afe.shOWn-ih‘Tab1¢ A-4. Excluding the crude petroleum for refinement, food
'.imports'composes-é fourth'of the entire amount of the imports. Therefore,
the increased agrlcultural products in the plan would be the substitutes

for the 1mports 1n the relatlvely large portion.

-~ The balance. of imports and exports of this country was maintained well
in the past several years, but since 1963 the country has shown prone to
exceed the’ 1mports over the exports every year Above all, in 1965 the

'}/ Guaranteed Prices and Contract Prices.

A-s5



export amount was TT$690.4 million against the import amount, TT$817 million,
exceeding by TT§126.6 million (Exhibit A-3).

Fﬁrther, the balance of foreign trade of the agricultural products,
réprgsented by'fobd,_is shown on Exhibit A-4. " According to this Exhibit,
the imports of Trinidad and Tobago increase, proportionated to the steady
‘increase of the populatioﬁ.and the economic development, while the exports
have decreased since 1963 when the exports were at the peak point, and in

1966 the excess of imports over the exports'amounted to TT$33 million.

Basic Objective of Agricultural Policy -

As stated in regard to the Second Five-Year Plan (1964 - 1968), the
basic objective of the Trinidad agricultural policy is to modernize agri-
culture and to ﬁuitiply agricultﬁral products, in order to decrease the
conventional export crops such as sugar cane, coconut and grape-fruit to
. supply most of the food demand with the national products such as paddy
rice, maize and soybeén. As there is no trouble between the policy of
nétionél agricultufai'pfomqtion and the enéouragement of the production
of the'export products"the Government of Trinidad and Tobago intends to
pursue thlS polltlcal objectlve for the entire period of the Third Five-
Year Plan as stated in the scheme. .There by, further as stated in Appendix,
'by the promotion of the Crown Lands Project, the establishment of dairy,

- hog raising, fru1t and vegetable cultivation and tabacco farming are coming
.1n_pract;ce. Therefore, for the development of the Nariva Swamp, the crops
; employed are.suggested to be paddy rice, soybean and -corn, and raise beef-
cattle;.in'viEW:of'the.abOfeméntioned status and the international view
stated-below;-.For'further'referencés, Table'A-S-is presented on the pro-
spect'df import'substitution which could account for a portion in the
_actual result of major food-and feed imports in 1967 in the perlod of the
Th1rd Five-Year Plan._i-

A -6



 International Environment

As the national economy of Trinidad and Tobago depends upon the
trades in regard to petroleum and its products, the international

relationship with the trading countries is necessary to be studied on.

Population and Paddy Production

The population, the GDP and the products of paddy in countries, as
Gﬁayana, Surinam, West Indies and Puerto Rico commercially and geologi-

cally related to Trinidad and Tobago, are shown in Table A-6.

Exports and Imports

The import items of agricultural products of Trinidad and Tobago in
1966, main importing countries, the export items, and the main exporting
countries are shown in Table A-7, and the imports of meat are presented
in Table'Ans. The countries with which Trinidad and Tobago has the close

relationship are United Kingdom, Canada, U.S.A., Guyana, and New Zealand.

Furthermore, the trade status. with both Buyana and Surinam in 1966
are shown in Table A-9, o

Rice Production in Guyana and Surinam

The arable landgin Guyana is 2,750,000 acres about two times as much
‘as Trinidad and Tobégo's and:15000,000 acres wide is the cultivated land
at present, of ﬁhich 350,000 acres has irrigation and drainage facilities,
'By‘estabiishment of the irrigatioh and drainage system, the arable land
is expected to iﬁcrease by 1,500,000 acres.

~ The Black Bush Polder Project completed in 1961 is a good model for

the Nariva Swamp Developmght Project. " The gross area is 31,000 acres

wide, the irrigatidn;andldrainage area is 23,500 acres wide, and 1,500



households are settled to compose the gathered type settlement. Allot-

ment for each family is;

15 acres + 2 acres + 1/2 acre

The area of 15 acres is for paddy field, 1/2 is for domestic uses such

as resident lot and self-supply vegetable farm, and 2 acres for the in-
tensive cultivation.

For the reference, in the area of 9,900 acres for the Mahaicony

1/

'Abary'Scheme—-, tractors and combines are used as a pilot farm scheme

for mechanization.

Surinam

Paddy fields in 1956 was 63,000 acres wide, the production of rice

was 157 million pounds, and the unit yield is 2,550 pounds/acre, among

which the production worth TT$§1.82 million was exported. Wageningen

Project was financed and conducted by Dutch Government during 1949 to

1957,

and- the: effective area was 14, 800 acres wide. The polder by the

: pro;ect was de51gned for forming gross area of nearly 200 acres covered
with the dralnage and 1rr1gat10n system. The 200 acreage was sectioned
into 6 paddy fields, each of which had apprbximately 660 x 220 yards, and

the”field‘waseproyided with irrigation and drainage system.

The'gfowth period for principal species of paddy is April to September.

The.growthjseason of the second crop of paddy is October to March and the
" cultivated area for this'is a fourth of the paddy fields. Direct drilling

- is:applied for the paddy cultivation, and the-farming area ' is estimated

500 to 1,500 acres wide, and the species of Dima, Nisherie, and 80/5 are

'_adoptéd.zf"

_. l/'

.Mex1co Clty, Seventh Congress on Irrlgatlon and Drainage Communica-
" tions, C.1 ~ C, 19,

2/ ‘The Wagenlngen Rlce Project in Surlnam, and A Study on the Development

of a mechanlzed Rice Farming Prqlect in the Wet. Tr0p1cs



Rice Agreement with Guyana

The following treetment was contracted between the Honourable John
O'Halloran, Minieter of Industry and Commerce, Trinidad and Tobago, for
and on behalf of the Government of Trinidad and Tobago of the One Part
and Dr. the Honourable Ptelemy A, Reid, Minister of Finance, Guyana, for

and on behalf of the Government of Guyana of the Other Part, in 1968.11

WHEREAS Lit is mutually desirable that there should be the greatest

possible trade between Trinidad and Tobago and Guyana,

AND WHEREAS in accordance with thls de51re it is considered appropriate
to enter into an Agreement prov1d1ng for the supply of rice by Guyana to
Trinidad and Tobago at a reasonable price in quantltles sufficient to

meet any deficiencies of supplies therein,

AND WHEREAS the said Ministry of Industry, and Commerce, Trinidad and
Tobago and the said Minister of Flnance, Guyana have been duly author-

dzed by thelr respectlve Government to enter into this Agreement,

It is hereby Agreed by and Between the Parties Hereto as Follows

hE

'_1. Subject to the prov151ons of this Agreement, Guyana shall supply from
:productlon W1th1n its own terrltory and Trinidad and Tobago shall
purchase all the rice required to be 1mported into Trinidad and Tobago

to make good-any such-def1c1enC1es as aforesaid during the currency of
this Agreement for local cohsﬁmption-in:such quantities with regard to
“the veriqns:grades or qualities as may be required from time to time,

save and except a quantity not exceeding 2,500 tons annually of white

-1/ Trinidad and Tobago, Rice Agreement Between Trinidad and Tobeg_
.and Guyana, 1968 _



rice, which shall be supplied by the Goﬁernment of Surinam, in accord-

. ance with the terms 6f an Agreement entered into in 1963 between the
‘Government of_Tfinidad and Tobago and the Government of Surinam, pro-
vided however that Trinidad and Tobago may take any quantity of its rice

requirements as is found necessary in the form of paddy.

2. In the event of Guyana being unable through any cause whatsoever to
Supply the quality or grade or the quantity of any quality or grades of
rice required by Trinidad and Togabo, that part of the requirement of

Trinidad and Tobago which cannot be supplied by Guyana may be imported

by Trinidad and Tobago from any other source,

3. Guyana shall not sell or eXpdrt rice to any country or place unless
and untill full provision has first been made to meet the annual esti-
mates of the requirements of Trinidad and Tobago for its local consump-

tion pursuant to the prbvisions_df_ClauSe (5) of this Agreement,

4., - Omitted -

5. - Omitted -
6. - - Omitted -

7. (1) The price of all rice sold under this Agreément shall be as
follows: L o

* (a) FIRST QUALITY RICE: Up to the 31st December, 1968, the price
F.0.B. per baglof-lso pounds gross shall be $23,25;

{b) SECOND_QUALITY RICE: ‘Up to_the 31st December, 1968, the price
' F.O.B} per bag of 180 pounds gross shall be $21.00;

© (c) PACKAGED RICE: Up to 31lst December, 1968, the prices of
" . Packaged Rice shall be as follows: '

A =10



INDIAN MAID: $11.53 per sack of 60 pounds (containing
30 x 2 pounds polythene bags);

N-RICH: $9.75 per sack of 60 pounds (containing

30 x 2 pounds polythene bags);

PEARL BRAND: $12.25 per sack of 60 pounds (containing
30 x 2 pounds polythene bags);

MILLER'S CHOISE: $5.26 per carton of 25 x 1 pound Kraft bags.
25 pounds container sacks of any of the above-

mentioned qualities.

(i1} The contracting parties hereto shall within the last quarter of
1968 and the last quarter of each year thereafter during the currency of
this Agreement re-examine the question of the price.or.prices to be paid
for all rice for the ensuriﬁg year commencing on the lst January and fix
same by Agreement and in default of Agreement the price or prices shall

be fixed bY-arbitration as prqvided for in Clause (11) herein,
8, - Omitted -

9. 'The contraéting parties undertake to make such legislation and other
_provision as may be required to given effect to the provisions of this

~ Agreement. -
10, = Omitted -

11. All questions or differences whatsoever which may at any time during
- the continuance of this Agreement arise between the contracting parties
touching'dr concerning'this'Agreement or the subject matter thereof or
‘arising out 6f qr'inrélation fhereto,respectiVelf and whether as to con-
- struction 6: otherwise, shall be reférred to a single arbitrator in case
“the contracting parties can agree upon one, otherwise to two arbitrators

.5one;t0'befappbinted-by'éach of the contracting parties or to an umpire

'-H'Als‘ll. ;



to be appointed by such arbitrators before proceeding in the reference.
The matter in dispute shall be decided and the arbitration shall be con-
duéted in-all respects according to the Law of England and this clause
shall be deemed to be a submission to arbitration within the provisions
of the Arbitration Act 1950, of the United Kingdom or any statutory modi-

fication or re-enactment thereof for the time being in force.

12. This Agreement shall be for a period of three years from 1st January,
1968, until 31st December, 1970, inclusive, provided, howevér, that the
Contracting parties, shall in the last quarter of 1968, examine the op-
eration of the Agreement and may then extend the Agreement for such period
or. periods subject-fo such modifications and/or alternations and varia-

tions as may then be agreed dpon;

13, All communications and notices intend for the Minister of Industry
and Cdmmerce, Trinidad and Tobage, shall be deemed to be properly and
sufficiently served if delivered at or forwarded by registered post to
the office Qf_thé Minister-of Industry and Commerce, Trinidad énd.Tobago,
in Port of Spain, and all communications and notices intended or the
Govérnmenf of Guyana shall be deemed to be properly served if delivered

. at or forwarded by registered post to the Minister of Finance, Georgetown,
'_Guyana.l/. - o

1/ $ indicates the Trinidad and Tobago dollar,
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- Table A-3

Export and Import of Agricultural Products 1966

ExEort |
S.I.T.C. Agricultural Quantity Value Supp lement
Group No. - Products. (in 000 1b.)  (in 000 %) Unit Price (F.0.B)
061 Sugar 541,577 38,031 7.0 TTé/1b.
072 Cocoa 10,564 4,264 40.4
051 Grape fruit 11,068 757 .8
051 Oranges 3,151 201 6.4
051 Limes, fresh _ 8 S I 12.5
(292) Tonca Beans 233 . 172 73.8
(231) Rubber raw - - -
071 Coffee raw 5,320 2,709 50.9
051 . Coconuts 1 - -
221 Copra - - -
ImEorf-
L . . ' .
$.1.T.C, 'Agriculturai Quantity “ © Value - Supplement
Group No., =~ . _Rroducts-- _ {(in 000 1b.) _ (in 000 §) Unit price (C.I.F.)
011 Meat - 11,090 7,156 64.5 11¢/1b.
022 .~ . Milk § Cream 23,941 19,950 . 41.6
023 Bufter - 4,276 3,374 78.9
041 Wheat (unmilled) 69,293 4,259 6.1
042 Rice 69,796 9,292 13.3
044 - ‘Maize (Unmilled) 66,654 3,046 5.9
046 - Wheat flour 85,362 8,979  10.5
054 vegetables 57,481 5,941 10.3
081 Feeding Stuff 50,041 - 6,026 12,0
121 (122)  Tobacco ~ 1,605 2,332 145.3

Noteﬁ' Overseas Trade 1966 _
B Annual Statlstlcal Dlgest 1967
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Table A-5

Import Substitution of Major Food and Feed

Item
Wheat and.Flour
Ricé
.Pork, Bacon and Ham

Beef and Mutton

Evaporated & Condenced
Milk. '

Dried milk
Butter

Cheese .

_gHatching_Eggs -
_Salt;G Dried Fish &
Canned Fiéh:
Vegetable Oils
Animal Fats § Oils

" Tea. Spices, Exffacts 

Dry.Beans and Pgaé.

Whlte Potatoes

fMalze for llvestock Feeds 4,1

" Prepared Animal Feedéz_f:
.dea'aﬁd Linseed Meal

* Deciduous Fruits, Fresh

'-Dryed, canned -

(1 96 7)

Million T.T.$

Prospects for Import Substitution

11.5
8,0

5.5

None - domestic milling could
be increased

Modest - production cost higher
than Guiana

Very substantial - Recently added
negative list

Very small

Substantial

{(Minor, if any, Fluid milk
Too expensive to permit

Production of these products at
competitive prices)

. Substantial

_ : '
(minor in near future)

- (Eventually good prospects through

. Commercial Fishing.)

Moderate

Very little

None

Moderate - With some change in
Consumer tastes

None

{Négligiblé in immediate future
Some ultimate potential for
domestic productlon )

- Minor

__;  4.5_;7 _
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- Table A-7

Export and Import

196 6)
Import _

§.I.T.C. _ Value Principal Supplying Value
Group No. {(1,0008) Countries : (1,0008)
011 Meat 7,156.0 New Zealand 4,170.2

| | Australia 1,860.6

023 Butter 3,373.8 " New Zealand 1,693.9

_ Norway 725.5

041 Wheat 4,259.2 U.S.A. 4,258.5

042 Rice 9,291.9 Guyana 8,645.3

044 Maize 3,946.1 U.S.A. 3,348.1

046 Wheat Flour 8,0979.2 Canada 6,580.6

’ _ ' U.S.A. 1,354.3

054 Vegetable = 5,041.4 Canada 2,785.2

U.S.A. 1,087.3

081 Feeding 6,025.8 ' U.S.A. 3,909.6

- Stuff.  Canada 1,776.5

-JEXport '_ o

~S.LT.CL . Value " Principal Receiving ' Value

Group No. e (1,000%) "Countries {1,000%)

061 Sugar  38,032.5 United Kingdom 28,847.4

R o  Canada 4,068.9

072 Cocoa = - 4,347,9 - -~ U.S.A. | o 1,728.8

. o - ‘ | United Kingdom - 1,268.8

313 Petroleum 485,701.3 . U.S.A. 185,282.9

(products © N United Kingdom © 54,776.0

e | - . Sweden . - 43,867.1

561 Fertilizer 11,591.3 - U.S.A, 2,563.4

I Guyaﬁa N '1,348.0

_Brazil -~ 1,169.3

.~A'4'19



Import of Meat

S.I.T.C.
Group
No,

011
[fresh, frozen]

012
[preserved meat
not canned]

013
[canned meat
and preparations]

S.I.T.C.
Group
‘No.

011
--[frgsh, frozen]

012
[preserved meat
- not canned] |

_ 013 :
-[Canned meat -
and preparations]

Table A-8

(1966)

Quantity
(ibs)

11,085,934

5,810,024

4,968,648

Principal |
Supply

‘Countries

New Zealand

'Australia
“U.S.A.

:.Caﬁada
CU.S.A.

_Denmark
Canada

Argentina.

Value

(TT$)

7,156,414

3,758,246

3,335,022

Quantity
(1lbs)

16,194,941
2,671,632
1,385,899

2,632,678
2,611,006

2,141,540

921,422
832,716

_' A - 2¢ o

Unit Price

(C.I.F.)
(TT$/1bs)
0.65
0.65
0.67
Value Unit Price
(TT$) (C.I.F.)
4,170,185 0.67
1,860,646 0.70
788,095 0.57
1,668,967 - 0.63
1,765,761 0.68
1,485,925 0.70"
456,121 0.50
618,642 0.74



Table A-9

Trede with Guyana and Surinum

Trade with Guyana in 1966

import

Total Value df'Import

042
541
552

Export

Rice

Medicinal products
Perfumery, cosmetic, soaps
Others

Total Value of Export

313
661
561
699

Petroleum_products
Building materials

Manufactured fertilizers

 Metal manufactures, n.e.s.

. Others

.Tfade'with Surinam'and:Netherland_Antilles'in 1966

- Import

“Total Value of Imports

042
631

313

~ Rice

Veneers, plywdod,-etc.

Petrolum produqts

“‘ 0therS

" Export -

Total Value of Export

313
931
S 721

Petroleum products

Returned goods, other transaction

Electric machinery
_Others '

A =21 0

($1,000)
10,016.6

8,645.3
287.0
266.6
817.7

18,597.8
11,981.1
1,615.3
1,348.0
506.5
3,146.9

_ ($1,000)
1,671.7

645.3
'308.5
297.8
420.1

$22,769.3

21,132.7
349.9
213.8

1,072.9



Exbibit A-1"

_(1;,}.,\\\..{\

L ¥ fBaAC g A
L,
SKL
‘ t L EBRANCHE CUT
S
a !
s

K

s p ) RUEBROE BARRAGE

._..n..a.n.Eu. .

—— AR IPRICATION CANAL

e MAS DRARAGE Ca¥AL :
| e ‘taatn q.F.. oaw

. A ———— !}_‘. LT - .
bt comtoun ne e |

EXISTING moaD

I BOMOANY F WATERSHED ARa
uuuuu EXIATNG ‘ORAINAGE Camil

IR socanow of strrirwer

ICALE

ERET | sz ogn . aogttT

s 3 afuatn)

' JovERSEAS TECHMCAL COOPERITION AGENGY, JAPEN

" GENERAL  PLAN

SANTU CONSULTANTS INTERNATIONAL | INC,
SUBMITTED |~ . [ DATE
APPROVED o DRAWING NG

. :.A..' 22



_EXHIBIT-A—Z

,CHEMKmLS.; '. _ SOURCE.. OVERSEASTFm?gee
32,844 _ OTHERS

LA R

MISCﬁ_LAﬁEous | (4%) 27,312 (3%) VALUES IN LOOOTT §
| MANUFACTURED

1 ARTICLES

35,738

(5%) ,

MINERAL
FUELS LUBRICANTS

AND RELATED

FOOD
89,747

/TOTAL VALUE

 (12%) . MATERIALS
: OF IMPORTS s
MANUFACTURED” O {CLE) 39"364
GOODS CLASSIFIED\ - (50%)
BY MATERIALS 778,613

98,962
(13%)

(100%)

: MACHINERY
AND TRANSPORT

EGUIPMENT

102,746
(13%)

OTHERS

38551(5%)

MINERAL

e w) YL o\ FUELS
: . /TOTALVALUE \
© OF EXPORTS _.-LUBRICANT__S
(FoB) | AwD

736 008 RELATED

( ]000/) : 'MATER[ALS:
S 582;423["_'. 

7%y o
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APPENDIX B
-Present Agricultural Economy

Dlver51f1catlon in Agrlcultural Devel_pment

in Tr1n1dad and Tobago

The Crown Lands Program

The original. plan of Trinidad and Tobago endorsed by Food and Agrl-
culture Organlzatlon of the United Nations (F.A.3.}, for the Crown lands
Program, aims at development of the sparse crown lands 20,000 acres lo-
cated at 200 various pleces.' Under the original plan the Government de-

‘signed the land reclamation, establishment of farm roads and provision

of other infraetructure, and settlement of dairy farmers, hag breeders,
orcherd:crops groﬁers, Jegetable crops.farmers, other edible crops far-
mers, and tooacco farmers amounting to 2,400 households. Above all, daily
farmers of 700 households are expected to raise 10,000 heads of milk cows
for annual 5,000,000 gallons m1lk productlon However, as the scale of
_the dalry farmlng proJect is con51dered too - large for performance capabi-
'l1t9 of the’ organ1zatlon, technlcal experlence and market facilities,

. merely 200 households of. the dairy farmers are anticipated for the devel-
opment In practlce, in other respects the plan has been . reduced, set-
tlers totalllng to 1, 805 households for the development project, Trlnldad
and. Tobago classes ‘the development period into 3 stages (a) Full Develop-
_ment Stage, (b) Partlal DeveloPment Stage; and' (c) Basic Development
'Stage In the Full Development Stage, _._ in which the related farm houses
'1nclude dalry farmers, hog breeders, and orchard Crops growers ~——-Tr1n1dad
.and" Tobago 1s to conduct (a) prOV151on of infrastructure or supply of
rdrlnklng water and pOWBr and prov1szon of roadq ete., (b} land reclama-
tlon and” establlshment of farm roads, and (c) 1mplementat10n of develop-
'ment works of" paddy flelds Follow1ng the startlng of the project,
;Trlnldad and Tobago 15 to mostly charge unemployed labors, who shall be '
fsettled as farmers to plantfrult trees. and breed domestlc animal. In the

-Partlal Development Stage, farmers wno ralse vegetables and food- crops



amound the present land are to promote development of each paddy field
'work by using thelr own funds. In the Basic Development Stage, tobacco
_"and food crops farmers are to be financed by tobacco firms in regards of
| farmers 1nvestment while, for food crop farmers alone, infrastructure is

'flnanced by the Government and others are by farmer's own funds.

Under this program, approximately 12,000 acreage will be developed
and milk, pork, vegetables,'food crops and tobacco are to be produced by
' nearly l,SOO_farmers (Table B-1).

In spite of the small farming areas, both dairy farmers and hog
breeders are produc1nt more than the Government planned in the starting.
' ThlS Crown Lands Program is to dlrectly bear benefits to about one per-
" cent of the. total populatlon of Trinidad and Tobago. For the purpose of
g supplylng the demanded domestlc animal amount are to be 1mported the es-

 timated 4,000 heads of dairy cattlers, of which about 1,200 heads are to

~ be 1mported on the Bllateral Loan Agreement contracted with Canal, and

'the rest 1s to be imported from other foreign countries. About 100 heads

~of hogs are also to be 1mp0rted in the Government hog-breeding farms where
"hogs are bred for the dlstrlbutlon to the farmers.

Varlous fac1llt1es ‘are to be constructed as one of the development
works ' They 1nc1ude, for example factories for slaughter of hogs and -
“proce551ng the meat, centers for collectlon _processing and the distri-
{'butlon of mllk markets for vegetable and food crops, and yards of ma-
chlnery for. land reclamat1on development and malntenance works . Further,

staff who are experlenced in maintaining and operating the markets and

. are capable of" g1v1ng technical adv1ce are to be provzded Under the ex-

: erts' u1dance in a rlcultural credlt an 1nde endent division is to be
N P g g 3¢

' »prOV1ded to keep records of f1nanc1ng by the Agricultural Credit Bank and

"manage the farmer 5 loan repayment The ex1st1ng regulatlon does not per-

Comit the Crown lands to be: 1nd1V1dually transfered to farmers. Tentative

_land cultlvatlon 15 permltted till they prove the ablllty of effective cul-

'i:tlvatlon of each un1t area, FollOW1ng that,~the farmer is recognlzed.to



lease for 25 years_with free choice of land, According to the-léase,
a farmer shall be release from the contract whenever he fails in engaging
in .the sound schedule of farming work requested in the lease, and in case

a farmer dies, the land is allowed to be transferred to his successors,
but not to be sectioned,

'Sgpport Price Policy and Marketing System

Through the Central Market Agency, Trinidad and Tobago is executing
the support policy by parallel ways, guaranteed price and contract price,
~in order to secure a stable supply of agricultural products. Also the

Government is trying the prompt marketing of the agricultural products by
the Central Market Agency system

3Guaranteed Prices for 1968

Trinidad and Tobago is filling up the price gap of agricultural pro-
:.duCtiOnéiteﬁded to-he.over~supplied By encouragement by means of the
guaranteed prlces ' The guaranteed prlces of 1968 including the contract
'.pTICEb were regulated by the Central Market Agency as follows and in 1969
 there were sllght changes

Guaranteed Prices

- Grade

nan ] ngn
Plgeon Peas, Green . 10 cnet -

. Pigeon Peas, dry. shelled- 18 ¢ -
:Corm, . dry’ shelled_ 7 ¢ -
'.Yams, Lisbon 8 ¢ 6 ¢

.~ Yams, Oriental o 6 ¢ 5 ¢
- Yams', Portuguese (Ebo Yam). 6 ¢ -

. ‘Cush Cush- - ' 14 ¢ -

. Sweet Potatoes ... . o - .54 -

. Plantain. 8 ¢ ¢



Nofei Grade ‘and quality of these crops are based on the stand-
ardized grades in a pamphlet which is obtainable from the
local storehouse officers of the Central Market Agency or

~ the district extension officers. These crops are
purchased at all the storehouses and at the buying sheds

of Trinidad and Tdbago.

All producers who are interested in selling their productions
“through the Central Market Agency are requested to register at the Central
Market.Agency's storehouse in the local regions,

_Contract Prlce for 1968

Thropgh a contract between the Central Market Agency and farmers,
Trinidad ahd'Tobago keeps the minimum prices for these crops for the
farmers. | .

- The Contract prices of 1968 are as follows:

| Contract Prices

.IlAH . . . IIIBH . HCII

Tomatoes B | 15 ¢' 12 ¢ ' 6 ¢
. Cucumbers o ' l o 6 ¢ 4 ¢ -
'Cabbage E o 7 ¢ "5 ¢ ' -
'Glnger (large) E o 12 ¢ - -
fDasheen : 6 ¢ 4 -
'T.anmaS_ . ¢ ¢ -
.1?Pumpkins (rough skin) ¢
" Red kindy beans = 20 ¢
"Black-eyéd,peaé o 14 ¢
 Onions, dried bulbs 13 ¢
“ Garlic, dried 40 ¢
- ‘Carrots -":vfi T S 20 ¢
';.Peanuts, sheeled o 30 ¢
¢

unshelled Sooo20

9
PR



' (N.B.) Tomatoes wlth premium are purchased at the prices which are
' determlned by negotiations,

Note: These erops are purchased from the farmers who enter into
contract with the Central Market Agency. Since the prices
shown here are the minimum, the producers shall receive the

higher prices as long as_the market condition is allowable.

R T

- The Central Market Agency has a large central marketing system for
the-whole_and retail sale for Port of Spain, and has many storehouses and

depots in local areas over the country.

" Trinidad and Tobago is promoting the agricultural diversification,
'buﬁ limited'only to fruits, vegetable and raddish kind. As for many im-
portant staple food and meat such as paddy, soybean, maize and beef for
. import substltutes, there has been neigher specific market system to sup-
nﬁport the prlces, nor at the agrlcultuxal experimental station there has
f;been any empha51s placed on technical 1mprovement Recently, however,

1mprgvement 1s_outstand1ng at many points stated succeedingly.

i'Stages bf-TeehhicalfDeveloEment.in Foodstuff
° ‘The present status. of technical development in the agricultural la-
boratories or institutes.

_ Fhere are collected several varletles of paddy 1nc1ud1ng IR 8 at
'“the Unv1er51ty of the West Ind1es, but at the Centeno Central Instltute

;.of Agrlculture, study on varletles has not yet been conducted

: Tﬁefefere,lﬁroved‘thet'paddy'farmiﬁg ie_the qut.adequate crop -



followzng completion ‘of irrigation and drainage facilities, the emphasis
of experlment and study should be placed on the improvement of the wet
paddy cultlvatlon At the same time, practice of the same mechanized

paddy farming as that in Guyana has to be enough studied by Trznldad
and Tobago and the farmers

° The present‘status of the Paddy Cultivation in Trinidad:

In the Thlrd Five Years Prolect the f01101ans are stated, paddy is
:farmed over about 10, 000 to 15,000 acres, but it is mainly for farmers'
_self supply, and a small of it may be, howevet, marketed. But this fact
does not-degfade the importance of the paddy faming for many small size
- farmers inc;uding:sugar cane farmers.

- Ten percent of the natlonal demand is supplied by her own production,
whlle the rest 90 percent is all supplled by the imports 67,000,000
_'pounds under the R1ce Agreement with Guyana. The reasonable increase of
.epaddy products 1n the. country owuld not prevent the relatively large a-
-cmount of consecut1Ve 1mports from Guyana which produces rice at the lower
-:cost then Trxnldad and Tobago - The Government plans to support this agri-
'fcultural 1ndustry by the prov151on of sub51dery for the tentative use of
fert1112er by 1ntroduct10n of new and 1mproved paddy var1et1es and by
encouragement of prOV151on of a few of hlgh efficient rice mills, Fur-
thermore, on the p01nt of large scale development of agriculture, the fea~
-s1b111ty study are lntended as the second stage of the Narlva Swamp Drain-
‘cage Scheme and also fea51b111ty study as ‘the. second stage for Oropouche
'J_Lagoon ' ' ' '

_ For the Second Five Year Plan are stated the follow1ngs Rice is the
.7most constltuent of nation's food consumptlon Consumed amount per head
has 1ncreased from about 86 pounds to 155 - 158 pounds of the present,
Lwhereas the natlon s productlon has been at. the decrea51ng tendency For
:fthe perlod 1952 ‘to 1962 the productlons decreased from 12,000 tons to

10 000 tons and accounted for 30. percent 1n the total supply

B



It follows that rlce was produced rather as self-supply crop or aux-

‘iliary crop than as the market orlented cTop.

.Sinee 1952, the Cropping'area of rice has decreased from 18,000

acres to about 15,000 acres of the present,

Although Trinidad and Tobago has very proper area for rice produc-
tion, it is doubtful whether effective methods are practised for its pro-
-dUCtion,rcomparing with that of other countries such as Guyana of the
United-Kingdoh. It implies that, in regard to the price, rice producers
- of Trinidad and Tobago can not compete wlth that of Guyana, That is to
say, the productlon cost per pound of Trinidad and Tobago is higher than
that of Guyana of the United Kingdom by 2 cents.

'Nevertheless area maﬁaged by each farmer is ranged from 2 and
1/2ﬁtd'5_acreeiwide, yet the economic unit is 5 acres to 8 acres wide.
-In'general, yields.are.i,soo pounds to 2,500 pounds per acre and
160 peuhdS'of paddy‘is processed up to 100 pounds of rice, In order to
' produce more rice'in the country, substantial capital investment to the
Swamp land-reclamatlon, modern1zat10n by maintenance of rice dry-and-
‘cleanlng f30111t185 as well as considerable mechanlzatlon of cultivation
_would be- necessary However, Trinidad ‘and robago has no natural condi-
~tions. to make the hlghly effective machlnery available over the huge area
-of the" country,- except the Narlva Swamp, so that the effeet shown through

fthe mechanlzatlon obllge the people recognlze its. limitation.

Thus the beneflts whlch are obtalnable if paddy is produced as im-
,port substltutes has to be well con51dered prior to employment of any pro-
iJect.planned for_promotlon of self-supply over the period of 5 years from
'19642te:e8}:QSpecifieally it must be seriously considered when the country
h;en“eXpeetaﬁtlr:purchase much quantity of.rice-at cheaper price from sev-
heraitcohntries “Even 1f the rice imports as stated above are favorablly
prected, it does not mean 1gnor1ng the p0551b111ty of promotion of the

jexpan510n of - rlce cultlvatlon over the spec1f1c area through both the



implemehtation of drainage works and further provision of the founds for
" the construction of a cleaning house in Caroni County as one of the pro-
jects by Agricultural Development Committee.

Prospeets for Sozbean and Maize Production.

~In order to -increase soybean yields in Trinidad many problems have
to be settled over the study. However, this is the core that if farmers
of Trinidad will have only to farm the lands with much effecienoy, Trinidad
‘will come to raise as much as soybean yields of order traditional soybean
productlon countries. At many small—sized experimental stations the pro-
'ductlon is over 2, 000 pounds per acre, so that even at any commercial-

_orlented-farms, it can enough produce 1,600 to 1,700 pound yield.

Rotation of crops has to be based on soybean and maize: (1) as well
as soybean maize, —— of which 80 million pounds are imported — has a
egreat national market whlch 1s able to be enlarged; (2) all the machinery
. necessary for the soybean farmlng are alsoc available for maize farming;
3). enough 1nformatlon for both crops farming technlques is available ——
'Drﬁ L. Cross, agrlcultural specialist, has been conductlng many experi-
" ment as the Central Experlmental Statlon ———-; and (4) both crop farmlngs
. are necessary for the cultivation in view of rec1proca1 relationship ——

- the one is a crop and the other 1s bean which raise fertility of land.

_ Prov1ded that soybean seed is sowed for the period, September to
October in order to gather the harvest of soybean in the initial part of
- the - dry season as the second crop following maize which is sowed for the
Hperlod mlddle part of Apr11 to the end of May (n the order may be re-
”c1proca1), TT$400 to 430 of Gross Value of total production per acre is
..expected in. a year (n prov1ded that maize has a yield of about 3,000
‘{pounds per acre or TT$7 per pound and soybean has an yield of about
1, 700 pounds per ac1e or TT$12 per pound. Since the production costs of
: malze and soybean are largely subjected to their production quantlty,

L farm;ngrlnoludlng harvest-ss necessarily mechanized to be the large size



farming for saving the labor force.

A preventative factor for the small size farm is combine operation
in the economic view. ' Using a combine with 14 feet of sicling breadth
of which the work quantity is 3 acres per hour, the desirable minimum
farm area has to be between 450 acres and 500 acres. For all mechani-
zation of farﬁing on these size farms, at least a couple 65 HP tractors,
disk ploughs, disk harrows, rotavators, four-row planters and sprayers
are.necessary, and they are estimated TT$65,000 in total, Besides, re-
gardless of'the.poor weather in the harvesting period, dryers are nec-

essary. In addition, necessary fixed facilities include machinery sheds
and storehouses of crops.

The farm criteria for the farming of soybean and maize includes the
followings:;/

(1) P:incipal defeciency such as submersion of farms shall be
‘avoided.

-'{2)7 For the effective use of the machinery, the broad area enough

to ride machinery shall be necessary or farming.

- (3) - For Support of growth, the farm land shall be the area which
' has the enough rainfall or is irrigable for the periods May
"to July{.and October to December.

Besides tested Seed of varletles or maize is purchased from foreign
. contrles, but as for soybean it has to be improved to the properer varie-
tles for each area.

1/ br. R. W. Radley University of the West Indies, 1968, June.



Characteristics of the Project Area

GCeneral Description

The Nariva Swamp Project area faces the Atlantic Ocean coast line
of the east part of Trinidad as shown on Exhibit A-1, and at the back is
-bounded by the Central Range and high land, most of which belongs to the
Cocal and Turure Wards. The area is about 45 miles from the Capital,

Port of Spain. Around the project area are no large towns besides Sangre
Grande, a local town, locating at 15 miles in the north.

The population of Nariva county including the Cocal and Turure Wards,
the project area, is estimated at about 17,000, or 2 percent of the total
pépﬁlation of Trinidad and Tobago according to the 1960 census. The popu-
lation density is 84 persons per square mile, or about a fifth of the

national average'density of about 418 persons per square mile, being lower
than those of other cities.

Present Status in Surroundigg Area of Swamp

The present status of the Nariva Swamp project area and the surround-
1ngs ‘is mainly discussed on a succeedlng Table based on the Agricultural
Census 1963. - Table B-Z-a, and b show the sales amount of agrlcultural-
prddﬁcté'by:farmérs of the whole area of Trinidad and Tobago. Table B-2-a
telléipercentagé'of each county against the national amount of the agri-
cultural products ‘and oh the other hand, Table B-2-b presents a percent-
age of each crop against the sales amount of each county. According to

"this, farmers 1n the Nariva Mayara country including the Nariva swamp sold.
only 5 percent of - the national sales amount and the main crops of the

county are coconuts and cocos, and rice accounts for extremely small per-

~cent, Table B-3, 4, 5 and 6 are the statistics, from the agricultural
‘ census about  the Turure_and Cocal Wards where the Nariva swamp is dominant.
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Rent and Squatting of Swamp Area (Crown Lands) (Borrowing Unauthorized)

Renting: . Short term contract (monthly contract)
Number of Renting: Approximately 300 persbns
.Rénting Area per Person: 1 - 3 acres '
Renting Rate: ' 50 ¢ One month-acres
_ | TT$6.00 one year.
Léase:' 25 years; Coconuts estate (Coast)
Squatter: About 300 persons

When the inundation of the swamp area is comaratively poor, these
people are :likely to cultivate water-melon, cucumber, etc. The numbers
presented above can be said to express farmers' enthusiasm for improve-

ment of drainage.of the swamp.

Qutline of Existing Irrigation and Drainage Facilities

- In 1955, nearly 1,200 acres of the swamp high elevations along the
Plum Mitan Road east- north part of the project area were developed, based

_on ‘the Rice Expan51on Scheme. The foundamental conception of the project

' was to construct drain canals such as the Jagroma, Cuche and Petite Poole

_ Cut for preventlon of the areas from the flood in the rainy season.
Also these cuts take a part of catching excess water from their watershed_

dur;ng the_dry_season and using it for irrigation,

The main structures rélative to the project are as follows:

. Mile)
. Petite Drainl/ _
_ Jagroma Cut  Cuche Cut = Poole Cut (Canal Total
Drainage Canal 1.8 . - 2.7 3.8 1.2 9.5
Main Road " - 2.3 - 2.4 3.8 1.2 9.7%/

Ve Daln canal 1ead1ng from the sand hill to the Petite poole

2/ Be51des, about 3. 5 mlles of the trunk road in the project area.was
constructed

S B=11



At présent;;the'drainage system is less facilitated —— lack of
drainagé capaCity due to sedimentation of mud and sand in the canal
terminals —— so that only about 500 acres are temporarily cultivated
.by using of inundation water dufing the rainy season and excess water
of the watershed'during the dry season, while therefore the cultivatec

‘areas has been decreasing yearly and most of facilities are worn out,



Table - B-1

Stage of Deve;gpment in The Crown Lands Program

Number Acres Total
of Farms per Farm Acreage

(Figures rounded)

Full Dévélogment

~Dairying 200 20 4,000
* Pig Breeding and Fattening 70 5 350
~ Tree Crops o 135 10 1,350

405 5,700

Partial Development

Vegetable Crops 395 3 1,185
' Food Crops : | 365 5 1,825
| R 760 3,010

_Basic Development

 Tobacco . 80 10 800
Food Crops .~ ' 560 5 2,800

- S 640 _ 3,600
TOTAL: 1,805 12,310

Mafketing Units - o 27

" Central Machinery Pool - 3
- 12,340

B -13
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Table B-7

Expenditure Incurred on Plum Mitan Rice Scheme

Year | ' Expenditure

1952 ' - $31,251 approximately

1953 - 86,994 "

1954_ | - Records cannot be located

1955. - ' 118,145 approximately

1956 - 124,947 "

1957 - 89,792 3

1958 I - )

1959 - - i

1960 f | R - | | -

1961"_-- - B ] .
.1962.:_ - o= -

1964 _ N » | - i

1965_"'-. .: R - - -

1966.; _ IR | : '$81,3f4 Reactivation of Scheme

iéé? o _. S | 33,579 | w "
1968 ISR 34,640 " o

Total 600,722
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APPENDIX C
Agricultural Land Resources

Land Area

The boundary of the project area is determined on the resdlt of
surveys and investigations on the crown lands excluding the private es-
tate. Gross project area is approximately 26,500 areas, which is de-
vided into two divisions; around 11,000 acres of the gross irrigable

area and 15,500 acreages of proposed livestock area.

The land reclamation area to raise beef cattle has to be re-
checked by the topographical survey result, but only 50 percent or 7,400

acres of the gross area (15,500 acres) are selected for review.

OQutline of Soil and Vegetation

For the 5011 c1a531fact10n and dlstrlbutlon on around the project

area, 1nvest1gat1ons have ‘been already conducted ‘as shown on Exhibit C-1. —/

_-ﬁThé:NariVa:Swamp'area faces the east slope of the Central Range in
theVnorthﬁeSt,,and'5bunded by relatively low hilly land along the Rio
Cléfo-Mayafo Road-in fhe;aouth and in the east, beach dune- running north

to south faqihgfthe Cocos'Bay on the Atlantic Ocean. With most of ele-
vations.96'fée;ffd'120 feet (T;G.R;),.the area is dead flat, but so vast
thﬁttthéré ierdmewhat diffefence in the elevations, forming the gradual
unduiatiﬂg léﬁd.  Therefore, some flﬁctuations are found in the present

condition of drainage,-soi1'and vegetation.

-lj_-Complled and drawn by Dlrectorate of Colonial Surveys based on field
- -Surveys . (1928 1940) by E. Mchenery, F. Hardy, J.A. Macdonald, C.F.
~ Charter, G.C. Witt and geologlsts Df the major oil companies operat-
'1ng 1n Trlnldad



At the mountains in the hinterland the ground which composes of clay
soils was sedimentation by the river water. The sediments around the
area, therefofe,'consist of c¢lay soil and are characteristic of any ab-
sence of gravels. 1In the flood plains, leveled by river flows from the
hilly land of the hinterland, the mottled fluvial alluvium is distributed.
The area where the rivers fan out from the hilly land into the alluvial
low land forms forest zone, and is of mottled ciay subject to the forest,
and this soil pattern is dominant over the project area. The vicinities
of'the_béach and the areas bounded by northern hilis are poor in drainage,
covered with Hefb, and there is found mottled fluvial alluvium affected
by the grass land, In the area is exceptionally found sand hills and
stightly high elevation such as the Bush Bush and Bois Neuf Hill, but
mostly the area forms a leveled marshy clay area by much quantity of
sedimenting clay mixed with various soils from the hiterland, forming low
plain herebaceous land. Over the considerablly high elevations around
and along the rivers running from the old strata north of the alluvial
area,’ fertile fine sandy clay is distributed. Along the beach is dune
formed by fine sand, inside which pelite affected by swamp is formed and

part of whlch consists of pelite ciay or pellte sand.

As foflthe vegetation'statué hills of the hinterland and relatively
hlgh elevatlons in the river alluvial area from the forest zone, and the
swamp close to the beach is a herbaceous plaln. Though most of the west
side of the north part of the area is also a herbaceous land poor in
dralnage, yet at part of the Plum Mitan district it is utilized for paddy
field and further at the relatively better area of the drainage condition,

cocoa is farmed.  The beach dune is for coconut plantation,

Field_Soil-invéstigation

_ The ' 5011 1nvest1gat10n has been conducted for the purpose of checklng
the dralnage and 1rr1gatlon plan and crops to be introduced, and obtaining

the pr1nc1pa1 ‘data for planning of.the farmlng project,



Investigation Program

In advahce'of the field survey, data collected at the preliminary
study, and thé fesﬁlt from the profile investigation of several areas
and the reconnaissance conducted in 1966 were checked, the team having
galned ‘the preliminary information., At the field survey, firstly, in
order to understand the drainage status, vegetation and topegraphical
condltlons of the whole area, air reconnaissance was carried out, Then,
by Jeep and on foot, the observation was conducted on the topographical
condition, the soil condltlon of the topsoils, vegetatlon status, and
drainage COﬂdlthﬂ or the varieties of cultivated crops and growing

condition at where crops were farmed.

Based on the above stated investigation, soil profile survey and

sampllng on the representatlve soil series at the Nariva Swamp were exe-
cuted..

Investigation Item

"Upon surVeying'fhe s0il profile, after it was cohfirmed that all
s0il serles were not disturbed and the sampling sites ‘were the representa-
tives of the soxl serles, test pits with 3.3 feet square wide and 3.3 to
4.5 feet deep were excavated, and then profile strata, soil colors, humus,
presence of mbftiing of hydroxide, glei mottling or strata or texture,
préSencé of gfévels, structure, pore spaces, compactness, plasticity,
permeablllty, m01sture, groundwaterutable, and distribution of plant roots
were. 1nvest1gated and colour photographs were taken at the same time.
Also each horlzon in the test pits was sampled and in the Central Analy-
t1ca1 Laboratory of the Unlver51ty of the West Indies, the sampled soils
were. anallzed for PH loss on ignition, nltrogen organic carbon, sul-
phur, potash magne51a 11me 5111ca alumina, phosphorate, cation exchange

capac1ty and total exchangeable bases.



Results of Investigation

The'area'of each soil series is as summerized in Table C-1, and result
of the‘profile examinatidn of the soil series is shown on Exhibit C-2, and
on.the other hand colour photographs on Exhibit C-3. Also result of the
chemical analyses of the s0il is in Table C-2, Buffer capacity is in Table
C-3, and buffer curve on Exhibit C-4, and the required quantity of carbon-

oxide calcium is presented in Table C-4 from the graph of the buffer curve.

Features of Each Soil Series

Each soil series of the project area and the surroundings are dis-
cussed in relative to the investigation results and the present develop-

ment project.

No.8. Bois Neuf Clay ----- Drainage impeded

~This SOil'typé occurs on the western side of the herbaceous pbrtion

of the Narlva Swamp, and covers the area of the westward of sandy hill
strlklng southwest tﬁrough the east of Bois Neuf Hill. It occupies about
5,000 acres of-wh;ch 3,850 acres are practlcally available for this de-
véiopmeﬁt]project;_ In.view of vegetation, most of the area covered by a
pure staﬁd'bf‘giané éédge'with patches of the giant aroid, The repre-
senfa;ive'profiie-df'this type is the one shown in SNo.2. auger hole on

Exhibit'c 2. The 51te of this SNo.2 auger 15 within the herbaceous land
| éround the term1na1 of the road running east from the already furnished
sluice gate of Plum Mltan but the soil is heavy clay soil in the whole,
‘comp051ng of - 11ght clay (L1C) in the surface 1ayer, heavy clay soil (HC)

in the second and thlrd horlzon, and llght clay in the fourth horizon,

The t0p5011 (Ag Horlzonj is about 4 1nches thick and ollve—black
contalnlng con51derab1e grass litter mlxed, and pore spaces are sized
'from 0 08 to 0.4 1nche5 in the dry season, but on the other hand in the

rainy season when 1tsgets_m01st_the pore spaces are considered to be



closed. ' Permeablllty is relatively large owing to these pore spaces.

The horizon is 511ght1y moist even in the dry season. The plant rootlets
are largely.dlspersed. The whole profile is extremely acid in reaction
with pH measured at 4.0 (N.KC1).  To mend pH 4.0 to pH 6.5, cabonide
.calcium (Cacog) of 2,860 pounds is necessary. Loss on ingnition is 20.0
percent, and the organic carbon is 8.3 percent. Total nitrogen is 0.77
percent. Sulphur is 0.31 percent. Potash (K,0) is 1.7 percent. Magnesia
(MgO}_is 0.2 percent. Lime (Ca0} is 0.1 percent, and silica is 42.5 per-
cent. Phosphate is 770 ppm. Cation exchange capacity is 43.6 m.e. per
0.22 pound. Therefore the water holding capacity is large.

.TheISecond'horizon (A, Horizon) is about 8 inches thick, and grey
with richlhumus. Much dendric mottling of roots are present and the
structure conposee of:single grains. Pore spaces are small, ranged from
0.02.to 0.08 inches, and the crack is less 0.5 percent. Compactness is as
large as plasticity, Thereby permeability is small., In this horizon,
plant roots arerrecognized,--As well as Ay Horizon, the acidity is high,
Ph_o£:4fif(NnKC1); 'Loss'on'ignition is 9.7 percent.' Organic carbon is
'2.45per¢éht' 'Total nitrogen is 0.24 percent. Potash (K,0) is 2.0 per-
'tent : Magne51a UWgO) is ‘0.3 percent Lime (Ca0) is 0.1 percent. Silica
(8102) 15 48 1 percent Alumina . (A1203) is 23 3 percent. Phosphate is
535 ppm, catlon exchange capac1ty is 30.0 m.e. per 0.22 pound, and the
total exchangeable bases 26.0 m, e. per 0,22 ‘pound. In case the horizon
is dlsturbed the flrst (AO Horlzon) and the second horlzon Ay Horlzon)

should be mlxed but there is found no trouble for farmlng crops.

djThe third horizon'(Az'HoriionJ is 24 inches thiek, continuously com-
poeing}of'ela& : The so0il is ollve grey. In the upper part of the horizon,
mottllng of hydrox1de is found and c0n51dered to repeat dry and wet, and |
on .the other hand 1n ‘the lower, ‘the more m01sture wlth glei mottling.
Even 1n the dry season the ground water table is at 24 inches in the depth.
The g1e1 horlzon spreads below th1s 1eve1 The structure is single-
igralned. No, cracks are found Plast1c1ty and compactness are extremely

large, and thereby permeab111ty is small Plant-roots are hardly distri-



puted. Acidity of this Horizon is higher or pH 3.8 (N.KCl) than that of
the first (Ay Hooizoﬁ] and-the_second (A, Horizon). The third horizon
is almost the samo as the second horizon except phosphorus is less than
the second. |

The fourth horizon (B Horlzon) occurs at 36 inches in the depth and
attains at 50 inches. The texture s character1zed black by the light
clay (LiC) speclflcally formlng much- 11ke The s0il is ingle-grained in
the structure without cracks recognlzed Compactness is medium, and
plast1c1ty is large. Permeablllty is small, No plant roots are found
Ac1d1ty of the soil is high with pH at 4.5 (N,.KC1). VLoss on 1gn1t10n'1s
21.3 percent. Organlc carbon is 12.2 percent. Besides, the rates of =
total nitrogen, sulphur, potash, magnesia, silica, and alumina in the
soil are'entirely:the same as those of the first horizon (Ap Horizon)
present. The consideration is therefore that the fourth horizon (B Ho--
Tizon) has'once been a topsoil as well as the first horizon (Ag Horizom)
in the course-of_formiﬁg the Nariva Swamp area and covered with swampy
plaﬁts‘ and further that rainfalls flowing from the mountains and the
watershed 1ater carr1ed mud into the area, only to form the present all-
- uvial type. ~According to a literature, though it does not refer to the
presence;ofothe fourth'horizon (B Horizon), it has to be regarded as a
variatioh of the soil sériés No.8 in view of soil science. However as
this hor1zon occurs at deeper ‘than 36 1nches it is not directly related
to 1rr1gat10n and drainage, reclamatlon road construction and housing
plan and crops to be introduced. Therefore here, as the soil series No.8,

it is: stated only accordlng to the convent1onal classification system of
the’ 5011 '

In the ralny season, the area of this soil type is inundated by the
water of nearly 3 to 12 1nches depth, and on the contrary and groundwater-
table is reached at 24 inches depth in the dry season. The soil is of

'heavy clay and con51derab1e labor power is necessary for the farming work.
The neutrallzat;on_of-aC1d1ty is not trouble and the nutrient is so afflu-

entifor p1aﬁts~that'the'broper'irrigatiOn during the dry season and the



proper drainagé during the rainy season would let the land enough avail-
able for the farmlng At Plum Mitan dlStTlCt of the west part of this
area of the soil. type, wet paddy cultivation is executed in the rainy
season with high crop yield, and further water melon is considered to be
proper crop for the market.

(No.9) Nariva Swamp Clay ----- Drainage impeded

This soil is 51tuated just in the middle of the swamp area covering
about 9, OOO acres, of which the area under the sea level is usually in-
undated. The area above_the sea level gets so dry in the dry season that
it will suppert a man's Weight. The surface ground is covered with the
thick mat of_graés and grass remains, locally known as Cascadoux grass,

Nearly 5,847'acreage is available for the development project.

The firﬁt horizon (A; Horizon) is about 4 inches thiék, and the soil
exhibits grey and'extremely rich in humus. The soil texture is of heavy
clay.soil{ " The pore space is rare and the cracks are almost absent. Com-
pactness is large and the soil particles are large. Therefore, permea-

_ bility'isilbw.'-Plant rpoflets are distributed thickly.,

Thé:profiie‘ié‘very strongiy adide, pH of 4.1 (N. KC1). Loss on
ignition is 22.4 percent. Organic carbon is 9,2 percent. Total nitrogen
15f0.783pefcent‘”'Alumina is 19.2 percent. Cation exchange capacity is
39.0.m.e. or 0.22 pound Total exchangeable bases are 22.5 m.e, per 0.22
pound ‘so that relatlvely the soil is nutrient. Sulphur is 0.43 percent,

the hlghest value ‘in the Narlva-Swamp soils,

The second horlzon (Asy Horlzon) is 4 to 13.6 inches thick under the
f1rst horizon (Ag Horlzon) The soil color xs grey and in the dry season
when the’ surface horlzon is dry the hydrox1de staining appears ‘The soil
texture is of a heavy clay soil, with prismatic structure. But there is
not found pore space nor cracks,” The soil is large in the compactness

-and plast1C1ty but small in the permeablllty Plant rootlets are hardly



recogﬁieable,' The horizon is more strongly acid, pH of 3.5 (N. KC1),
than the first horizoh (Al'Horizon). Loss on ignition is 7.7 percent,
and organic caebon is 2.3 percent. Total nitrogen is 0.28 percent.
Potash (K,0) is 2.2 percent, Phosphate is 458 ppm, considerably less
than that of'the first horizon (A; Horizon). Silica is 45.0 percent.
Alumina is 24 percent. Cation exchangeable capacity of holding water,.
Upon the cultivafion, reclamation and consolidation, the second horizon
is to be miged with the first horizon above the second. In the case,
pH is improved'to 6.5 by calcium carbonate of 1,710 pounds per acre,

considerably less for the strong acidity.

The thlrd horizon (A3 Horizon) gradually changes from the second
horlzon (As Horlzon), with 13.6 to 22 inches thickness. The soil is
grey and there are hydroxide stalnlng The soil texture is of heavy clay
5011, and the soil is single grained in the structure. The pore spaces
are rare, w1th cracks unrecognlzable Both compactness and particle are
large, and thereby the permeablllty is small, In the dry season, there
is the groundwater table at 22 inches in the depth where the horizon get

altered gradually to the fourth hor1ZOn Plant rootlets are almost ab-
sent. '

t

The fourth horlzon (Au Horizon) lies with 22 to 40 inches thickness

: from the surface and d15t1ngU1shab1e from the fifth layer at 40 or below
.40 1nches. The 5011_13 ollve—black in colour, and the glei mottling is
found,-the‘so—eelledfGlei'HOrizon, which is iﬁ the moist condition.

This hdriZon.is'aeeﬁmed to have never been desiccated. The texture is of
a heavy clay so11 type, and the soil is 51ng1e grained structure, but pore
_space and cracks are absent The soils present strongly. acid with pH of
4.4_(N. KCl) Loss on 1gn1t10n is 13.4 percent, and organic carbon is

5. 8 pereeef Total nltrogen is 0.31 percent. Sulphur is 0.24 percent,
These values are measured con51derab1y more than those of the third ho-
'rlzon,,and rather 51mllar with the first hOTlZOD. It is assumed to have

the same meanlngs as that of the fourth horizon of the 5011 series No.8,



The fifth horizon (B Horizon) emerges at the 40 inch depth, The
soil is black in colour, and the texture is of a heavy clay soil.
There are rarely found cracks and pore space,

(No.10) Macaw Peaty Clay ----- Drainage impeded

ACéording to a literature as for this type of Macaw Peaty clay, a
belt of inundated area about 1,500 acres in extent, occuring at the
eastern marging of the Nariva Swamp is covered with very mixed vegeta-
tion, such.as high betel nut palm trees, acrostichum, aureum, montri-
chafdia, afborescens, leersia, hexandra, and mangroves. Though the
water which may be 4 feet deep, is quite fresh, yet occasional presence
of'mangrqves'indicates local saline subsoil condition. The soil profile
consists of at least 6 feet of loose dark brown humic clay or silty clay.
There is no.chemical analytic data available. Upon the last investiga-
tion, the'téam'could not get deep into the inside of the swamp area, so
that the investigation on the area of which subsoil is clay subject to
Nariva Swamp coﬁld not be preforméd. Thereby here is stated only the
prdfiiéiand:the'analysis of the samples of the auger of SNo.5 or the left
side watefshed'of the Nariva Rivér'upstream. The topsoils {Ap Horizom) is
_abodt 3;6 inéhes.thick, composing'of muck.  The plasticity is small and
the permeability is extremely largé. The area where breakdown of the soil
is not promoted is covered with grass litter. Due to that, the chemical

analysis was impossible to be performed.

- The secohd-horiioh A Horizoﬁ) is about 6 inches thick, with peaty

soiis,;and the_colour'is'black reddish brown presented, Around 10 inches
~depth thefé:is the groundwater-table, and the water flowing out of the
waterioggihé'inﬁndatedfthe'suger with the depth of 50 inches. According

to fhe3¢hemi¢a1.analysis; the horizon showed strongly acide with pH of
4,8.(N.lKC1) in.reacfion.j The loss on ignition is 42.6 percent and organic
carboﬁ is:23.4:percent,-'Total nitrogen is 1.5 pertent.' These values are
1afgerzthan thbse_of any soils of Nariva Swamp area, Cation exchange

capacity 'is 60.7 m,e. per 0.22 pound. Total exchangeable bases are 40.7



e. per 0.2Z pound, large value present. Against silica of 64.89 per-
cent, alumina is only 1.5 percent, and the water holding capacity is

pOOI‘ .

“The third horizon (B Horizon) presents black-olive grey and of silty
clay. Plasticity is poer and thereby permeability is extremely large.
The pH of_fhe-soil-is 4.8 (N. KC1), the same strong acidity as that of the
second horizon., Loss on ignition is 7.7 percent. Organic carbon is 2.7
percent. Total nitrogen is 0,28 percent, different from that of the sec-
ond hqrizgn. Cation exchange-capacity is 10.1 m.e; per (.22 pound, total
exchangeable baees are 4.9 m.e. per 0.22 pound. Silica is 95.7 percent,
alumina is 1.3 percent, and thereby the water holding capacity is ex-

tremelyismall.

The'ferth.horizon (B, Horizon) presents bright yellowish brown, and
the soils are of fine_sand. Thereby permeability is very large. Plant
roots are not distributed due to the usual excess-humidity. Among the
area'ef.this soil type, at very part where the drainage is facilitated,
water mélOn-is raised. But the peat of the topseils is anticipated to
be breakdown and consumed promptly by the cultivation that productivity
may be lowered, and in the case of the soil dried, the soil is decreased
in volume,,solthat_to level_the ground surface by hollowing and disking
aftef plowing is not eaey.'.Therefore, in the concaved portions, the
excess.water is to be supplied from the lower horizons, and here and there
exceésiveIY'huﬁid portiens'emerged, resulting in disturbing much for cul-
tivation, :Also'theeplaee where the soil of this type is distributed is
low eievatea and therefore the gravity drainage is difficult. By the
poor condifions gathered as stated above, these uncultivated areas are
not - so'easy for the agricultural utilization, so that it is not considered

worth t0111ng for the further development

(No.14) Cocal Fine Sand ----- Drainage free

" As this soil type is not directly relevant with the present develop-

¢ =10



ment projéct,_the profile survey and chemical analysis were not performed,
The outline of the investigation is stated below.

This sdi1 type is located over a strip about 3,000 acres in area on
the east coast and 16 miles in the length from the L'Ebranche River to
5t. Matgaret Village. The portion North of Point Radix is known as Nariva-

Cocal, and.is a sand reef protecting Nariva Swamp from salt water.

The soil of south part of Point Radix is derived from beach sand pre-
sumably oveflying.clay at a great depth. Cocal fine sand is considered
as high as 3 feet, cohsisting of uniform yellowish brown fine sand from
surface to groﬁﬂdwater-table.' At where the forest coveres, there is found
dark brown humic sand thick of around 3 inches. Internal drainage is free
oT even exce551ve unt11 the groundwater-tables are reached; considerable
lateral water movement takes place in the Manzanilla section as the water
from the Nariva Swamp continuously seeps through and maintains a hydro-
static head sufficiently high to keep the salt water out. A deficiency
of all plant nutrients probably occurs and the soil owes its productivity
to perennially high and moving grasundwater which is eminently suitable
for coconuts. B

(N0;19) L'Ebrahche Silty Clay ----- Drainage Imperfect.

ThlS soil is derived from the alluvial deposits of the smaller rivers
of the Central Range, and. thelr outwash into the Nariva Swamp together
with the flats of the river.. The scope of the location is over the whole
area of the west side of the Nariva Swamp, and geographlcally it belongs
to the gentle dulatlons continuous from: the mountainous area to the flats.
This type of soil 1s among’ the Nariva Development Project Area located at
a part around the Cauque River and at a part between the area where the
Biche, Caratal and Charuma River cross with the Lasalle Road and the -
area_where’they joint;with_the flat swamp. . The area of both lands is
measured at 5,87$ écfeé,'but only 75 acres will be selected for the pre—

sent new‘pfdjeét;__The_topsoil (Ap Horizom) is covered with the unanalyzed

g1l



coarée'humic clay, yet the layer is less than 1 inche thick although the
thickness varies according to the locations,

The second horizon (A; Horizon) is extremely thin, not more than 1
inch. The colour is bright brown, and the texture is of heavy clay soil.
It has a prismatic structure, and when it is dry, there is found pore
space large, accdunting for 15 percent of the whole with cracks of more
than 0.4 inches. Pore space is closees upon the wet condition, and on
the cohtrary'opens upon the dry condition., Thus, by repeating of dry
and wet condition, humus qf the giound surface flows down, forming black
films on the surface of the cracks. Compactness and piasticity are both
large, and_theréby pérmeability is small. The distribution of plant root-
lets is hardly recognizable. Upon the profile survey, it was assumed to
be slightly alkaline in reaction, but the result of the chemical analysis
showed that the soil was strongly acid, pH of 3.6 to 3.8 (N. KC1). Loss
on ignition.is 8.3 percent, organic carbon is 1.8 percent, total nitrogen
is 0.22 percent, pbtash (K 0) is 1.2 percent, and phosphate is 536 ppm.
Also-catibn exchange capacity is 14.7 m.e. per 0.22 pound, and total ex-
changeable bases are 3 9 m.e.. per 0.22 pound, silica (5i0p) is 63. 3 per—-
cent and alumlna (A1203) is 16.0 percent

. The third horlzon (Az Horlzon) is distributed continuously and uni-
formly from 1 to 17 inches below the surface The colour is orange, and
the s0il possesses flmly mottling of manganese as well as that of the-
third horlzon The spil is heavy clay soil in texture. The soil has the
prlsmatlc structure w1th large pore- spaces. Cracks are larger than 0.4
lnches, gettlng smaller in the set season. By repeating the dry and wet
condltlon as.well ‘as the second horizon (A, Horizon), the side phase of
the prlsmatlc structure opens and closes, The soil is extremely compact
and very plastlc with small permeability. But due to cracks the permea-
b111ty is prompt. rherefore, due to the gradual dulation together, the
temporal dra1nage durlng the ralny period is con51derab1y easy. The soil
is strongly acid, pH of 3.6 to_3.9 (N. KCl)._ In the case of the new rec-

. lamatigﬁ and;;onsolidé;iqn,_the'firét, the second, and the third horizon
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are to be mixed, ‘For improvement of pH of 3.6 to 3.9, to 6.5, calusium
carbonate (CaCO3) of 2:810 pounds 1s necessary. Loss on ignition is 6.2
percent, organic carbone is 1.8 percent, total nitrogen is 0.1 percent,
and PhOSPhate is 330 ppm, less than that of the second horizon, but potash
(K,0). is 1.4 perceﬁt, slightly more than that of the second horizon,
Cation ekchange capacity is 13.9 m.e. per 0.22 pound, total exchangeable
bases are 3.4 m.4, per 0.22 pound, silica (SiD,) is 61.8 percent, and
alumina (Al»03)} is 17.9 percent,

Thé fourth horizon {B Horizon) occurs below 17 inches from surface,
and is persist evenly down to over 40 inches. The soil colour is bright
brown, and the soil forms:the filmy mottling of hydroxide of manganese
as well as that of the third horizon (A, Horizon). The soil texture is
heavy clay soil, and the structure is platy. Pore spaces and cracks are
smaller than those of the third horizon (A, Horizon). Compactness is
extremely higﬁ, and plasticity is also large. Thereby the permeability
is small., Among the horizon is the plant roots absent,

This type of soil is good for drainage, allowing least inundation
on.thé-éiound; -Thereforé before.the advent of the witches-broom disease,
the area was: among the hore_important for cacao growing soils of the is-
land;j Large}areés were abandoned between 1936 - 1945, but with raising
prices ﬁuch of:thié_was}brough back into cultivation; but the nutrient of
the soil iS'ﬁhfévqufable'for forming of the cacao judging from the result
of the'chemicgl'SOilianaiysis. It has been caused by the long term ab-
surpfion_of:the'nuﬁrifion from thé soil. However, in the well-farmed
estate as an example, it reportedly bears high yields, and therefore
cacao does very wéll on this soil with good cultivation practices.

(No.23) Navet Clay --w-~ Drainage impeded

Tﬁe'soil'of this type wideiy covers about 40,000 acres on the western
side to southwest:bf Nariva'Swamp and to the Vicinity of Bush-Bush, and

dominant ‘around this_section. _The area is no less than 28,695 acres.

S C-13



Most of rhie fype soil bears devastated forest, almost impossible for
cultivacioﬁ' At part of Nariva Swamp there are wet paddy and cacao farmed.
About 11, 600 acres among 28 695 acres is considered possible to be culti-
vated for this development project.. This soil is derived from recent Tiv-
erain clay: alluv1um and the land surface is usually covered with a film
of reddlsh brown iron hydrox1de due to prolonged flooding. The area is
flooded to a depth of_6 to 12 inches for a large part of the wet season

but in the dry'season the water-table is lowered considerably,

As sampling eite of this type soils, augers S.No.l (Bois Neuf Hill,
which is-at the boundary of the Swamp area at the east north edge of Bois
Neuf Hill and hills), and S. No 4 (th area on the left bank watershed of
the upstream of Jagroma cut} are selected and the analytical result of
the sample soils is discussed below,

" The f1rst horlzon (Al Horizon) is 16 inches thick, and the soil is

reddlah_grey The 5011 texture is of heavy clay soil, and the soil is
single_grained_ '

The pore spaces and cracks are small, and compactness is large and
plast1c1ty 15 extremely stzong Therefore permeab111ty is small. Plant
rootlets are hardly recognlzable The soil is strongly acld, with pH of
4.3 to 4 S (N KCI) Loss: on 1gn1tlon is 12.3 percent, organlc carbon
1s 3. 5 percent total nltrogen is 0.3 percent, potash (K,0) is 2 0 percent,
_phosphate 15 777 ppm and the 5011 is con51derab1y neutritious. Cation
exchange capac1ty 15 29 3 m.e. per 0.22, and total exchangeable bases are
20, 8 m.e. per 0. 22. pound - Silica is 64.6 percent and almina is 14 3 per-
_ cent Therefore the water holdlng capacity is assumed excessive over the
medlum In order to 1mprove pH of this horlzon to 6 5 calcium carbonate

of. nearly 1 100 ‘per care’ 15 necessary,_rather small quantity for the -
strong acad:ty B '

The second horlzon (A2 Horlzon) is 12 inches thlck from 16 to 28

1nches deep The boundary with the flrst-hor1zon is rather distinct,
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but that with the third (B Horizon) is not, The colour is. orange and
the texture 1s of heavy clay soil with hydrox1de staining. The soil is
sxngle grained in the structure, pore spaces are small and the cracks
are hardly found. _Compactness and plasticity are large and the permea-
bility:is poor. Even.in the dry season, this horizon presents humid,
Plant rootleta-are already not recognizable, at 16-20 inches deep.

The soil is strongly acid with”pH of 4,0 (N. KC1). Loss on ignition,
organic_earbon,'total nitrogen, potash (X,0), and magnesia (MgO) shows
small values‘comparatiuely_with the upper horizons, but phosphate is 770
ppm, almoetinot“different. Judging from the values of cation exchange
capacity ana'total exchangeable bases’, as water holding capacity is con-
sidered less than those of the first horizon, it is assumed better that
this heriaen_shall not be fallowed.

'_The.third_herizen (B Horizon) emerges below 20 inches from surface,
persist down to about 3 feet. .The scil is brownish grey, and hydroxide
staining is reeegnized. The soil texture is of heavy clay soil, and the
structure pore-epaces, cracks, compactness and plasticity are similar
with" those of the second horlzon The s'oii is strongly acid with pH of
3.7 to 3 8 (N KCl) Both neutlrtlon and water holdlng capac1ty are
poorer than those of the secdnd horlzon ' The Soll of the auger 5.No.4
is Navet Clay of the 5011 serles No. 23 as well as the auger S.No.1, In
the devastated woods at the 1eft bank of the upstream of the Jagroma Cut
is: located at thls 51te, prof11e of which is shown on the profile S5.No.4.
On the " surface of the 51te, there is humus horlzon (Ao Horizon} with 1
:1nch thlckness shOW1ng dlfferent aspect from the auger S.No.l. The
second horlzon (Al Horlzon) wlth 4 inch thlckness, gradually merging with
the: thlrd herlzen (B Horlzon) The third horizon appeares at about five
1nches deep Wlth 7.2 1nches thlckness, gradually merging with the fourth
horlzon “Thus, the 51te of the auger -$.No.4 is the same ordered horlzon
‘s those of the auger 5. No 1 and the way of changlng among the horizons- are
the same as that of the auger 5. No 1, but there is slight differences
amOng the thlckness of horlzons “Also it differs on the point that be-

cause comparlng wlth the auger S. No 1, the contained humus is much and
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because it:ié prone to desiccation during the dry period, the soil colour

presents a strong tone, dark grey to black.

The second horlzon (Al Horlzon) 1s grey and heavy clay soil contain-
ing. humus ~The structure ‘is prismatic. Pore space is medium-sized with
cracks, On_these,respects, it is considered under the condition that the
site:is pfone to'desiccation"much'more than that of the auger S.No.1 site,
Both compactness and plasticity are large, and permeability is small.
Howeven{ presenee of cracks facilitates the drainage considerably., The
3511115 stfonﬁl?ﬂacid'witﬁ pH of 4.8 to 5.2 (N. KC1). Loss on ignition
is 13.3 percent, organlc carbon is 3.8 percent, total nitrogen is 4.1
percent _potash (KZO) is 1.8 percent and phosphate is 9,42 ppm. There-
fore,the_501l is nuritious, The cation exchange capacity is 31.0 m.e.
per 0.22 pound, total exchangeable bases are 29.4 m.e. per 0.22 pound,
silica (Si0p) is 49,8 percent, and almina (Al03) is 17.9 percent. There-
by theIWatef holding capacity is large.

The thlrd horlzon Ay Horlzon) is 7.2 1nches thlck, and is heavy clay
'5011 presentlng grey No gravels are found in the soil, The soil is
prasmatic 1n the structure Some cracks are recognlzed as well as those
of he second horlzon The 5011 15 strongly acid with pH. 3.8 to 4. .0,
'Computlng from the Buffer curve, to improve the pH value to 6. 5 330
pound per acre . of calcium carbonate is necessary, is case it is merged
with the soil of the second horlzon (A, Horizon). However, upon comput-
ing. the requlred quantlty of neutralizer among the cultlvatlon costs, it

would be safer to employ 1,100 pounds of - the auger S.No.1.

o Total nltrogen is 0. 23 per cent potash (K20) is 1.8 percent, phos-
_phate 15 770 ppm,. catlon exchange capac1ty is 26.6 m.e. per 100g, and
total: exchangeable basese are 20 7 m.e. per 0.22 pounds. Thereby nutrient
and the water holding capaclty are over the medium, and considered un-

harmful even 1f the 5011 1s merged with the upper horizon soil,

"f_Tne fonrthlno;izonf(Bl_Hofizon),ie 14 inches thick, and the soil is
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greyish yellow-brown, and of heavy clay soil containing hydroxide stain-
ing. The structure is singie-grained, and cracks and pore space are hardly
Eound._'cdmpéctness'and plasticity are large. Plant roots except the
direbt roots of trees are not recognizable in this horizon. The soil is
strong acid, pH of ‘3.4 to 3.8 (N._KCI), and the buffer curve shows mostly
no marked.fructuation, so that to improve the acidity of this soil three

to five times as much as calcium carbonate is necessary.,

" The fifth horizon'(Bg Horizon} is 26 inches deep and continuous down
to 3 feet from surface. The colour is yellowish grey and is of heavy
clay sbil_tontaining hydroxide staining recognized., In this horizon, pore
spaée and cracks are seldom recognizable. Acidity is stronger than that
of the fourth horlzon, and the buffer curve shows remaining lateral.

Nutrlent and the water holdlng capacity are not different from those of
the forth horizon.

As stated above, con51der1ng that the Navet clay is covering the
w1de area, some dlfferences have to be pointed up among the gradient con-
dition, despos;t,thlckngss, repgtitlon of dry and wet or difference between
tﬁe waterioging'ddratidn;'aifférence between the deposit ages and the
vegetatlon dlfferences on the earth. However, as for the result of the

chemlcal ana1y51s of each horlzon, almost of them are considered similar.

Navet Clay is fich.is'nutrient and cépable of holding water largely.
Nevertheléssﬁ*dué'tO'inundation'during the rainy season and the long dist-
ance from the surroundlng road system, Navet Clay is not almost utilized,
and the most part 1s a- forest zone. The forest consists of various kinds
of bush,-and on-therwatershed close to the bank roso is growing in groups.
Arouhd the'aréa-ﬁéar the roéds, logging is performed for timber. This
type of the 5011 15 generally nutrient, and if the drainage condition is
prov1ded 1n the: ralny season the area made pasturable without much in-
vestmgnt-ln p0551ble for agrlcultural development based on the livestock.
In this”tésé;‘aﬁoiding;td'cuifivate the whole area, some trees as the

shade for livestock and windbreak are necessary to be left at core sites.
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They are also useful for preventing erosion or for soil management .

(No.41) Las Lomas Fine Sandy Loam to Loam ----- Drainage free

Soil of thé-Lao'Lomas series extends over lower hills and the sur-
roondings'including.complexes with other types. The area covers 16,000
acres. But among the irrigable area for the present development project,
part southeastern of the arvea between No.8. Bois Neuf Clay and No.23,
Navet Clay, is representatlve of which area is about 792 acres. Al-

though there 1s some- areas besides the above stated area, the total area
is very small

'The_first'hofizon (A Horizon) is 5.2 inches thick, graduarly merging
with the soils of the second horizon., The colour of the first horizon
presents black, and the soil contains much humus, forming fine sandy loam.
CompaétneSs io small and plasticity is naught. Thereby permeability is
1érge. In the horizon there are found many plant rootlets distributed.
The soil is strongly acid, pH. 4.0 (N. KC1). Loss on ignition is 15.0
'_percont5oorganicscarboh is 1.5 percent, total nitrogen is 0.12 percent,
potaéh7(K20)7is O;i_poroent, and phosphate is 184 ppm, small. Magnesia
is.hardly tracéable; but silica (5i0,) is 82,5 percent, which is con-
51dered very large and almina (A1203) is 3.1 percent, small, Cation ex~
change capaC1ty 15 12.1 m.e. per 0. 22 pound, and total exchangeable bases
are only 4,0 m.e. per 0.22 pound. Therefore the soil contains small

nutrltlon for vegetatlon, and the water holding capacity is sterile,

The second horlzon (A, Horlzon} is located 5.2 is 12 inches in the
-depth, and the boundary ‘with the third horizon is rather distinct. The
soil colourgls black, and.the soll_oonta1ns slight humus, forming fine
silty loam.iTCompoctneésiis médium,_and plasticity is not recognized, and
_toereoy.the'air:aod Wafer permeability are large. Plant rootliets can be
found., *The 5011 is strongly acid, 4.1 (N. KCi). In the case of cultiva--
tion of th1s area thls.horlzon_ls to be merged with the topsoils, when

requlrod calcium cafbonate_(CaCO3).for improvement of pH 4.1 to 6.5 is
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465 pounds per acre. The reason why, inspite of the strong acidity, the
required small quantity satisfieé, is because tﬁe buffer curve plots ex-
tremely sharp - Loss on ignition is only 1.2 percent, organic carbon is
0.3 percent total nitrogen is 0.04 percent, potash (K,0) is 0,1 percent,
and phosphate is 81 ppm. <Cation exchange capacity is 5.0 m.e. per 0.22
pound, total exchangeable bases are 1.3 m.e. per 0,22 pound, very small,
-silica’is 88.5 bpercent, and almina (Al,03) is 2.1 percent. It is con-
sidered by these values, that the soil is very.sterile, and that the water
holding capacity is very poor.

The third horizon (B, Horizon) is located 12 to 26.4 inches in the
depth, the soil is grey, without humus. The texture is fine sandy soil.
Compactness_is'comparatively smaller than that of the second horizon, and
thére'is rarely ﬁlaﬁticity found. The soil is single-grained in the
structure, with large water permeability. The plant rootlets are almost
recognizéble. ‘Plant nutrition is far smaller than that of the second

horizon, and the soil is steril.

_ 'Thé foufth horizon (B, Horizon) occurs below 26.4 to 32 inches from
surface, gradually merging Wlth the flfth horizon (B3 Horizon). The soil
is dark ollve The texture is fine sand. Compactness is medium, and
plastlclty is not recognized, 'Thereby permeability is large. The grbund-
wat§r4table-is_10cate& between the fourth and the fifth horizon, where the
fourfh horizon marges with the fifth horizon. The soil is Weakly acid,
pH 6, 1 (N KCl), and both the vegetation nutrient and the water holding
capac1ty are poor.  The colour is bright yellowlsh brown, and the texture
'15 fine sand, whlch is”tightly éompacted Plast1C1ty is not recognized,
and thereby permeablllty is large, but it is excess-humid. The pH is 6.4
(N. KCl), or-7.1. [HZO), which is weak acid or neutral. The horizon's
vegetatlon nutrlent and the water hold1ng capacity are as poor as those
of the fourth . horlzon ' '

TherLas&Lomasfseries have allowed cultivation, so that most of the

landjhas;bgcome sterile and devastated. At present in the surroundings
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of the Kernanham Road led from the Manzanilla-Mayaro Road, settlers are
farming water'melon cowpea, okura, maiz, etc, without successful pro-
ducts. Nevertheless, the reason why scores of the farmers cultivate is
because of advantages that the elevation is somewhat high in the Nariva
Swamp area and the sandy soil is easy to drain, and that as there are no
giant trees the cultivation is so easy. This soil requires considerable
fertilization and the_soil management for grain and vegetable farming,

so that though the productivity per unit is low utilization of the area
for livestock after the cultivation might as well be taken into considera-

tion.

(No.43) Princes Town Clay ----- Drainage imperfect

Princes Town Clay is-noted for the black marl soil of the Princes
Town-Rio Claro district. It covers a total area of 14,000 acres in a
belt, extending.from San Fefnando to Ecclesville and a smaller belt just
north of Brickfild; and an isolated out-crop occurs to the West of Point
Radix.  This soil, in the pro;ect area, locates over the northern area
of the Mayaro Road, about 1,924 acres. However, there is no area proper
for the development, Accordlng to the section of the soil, the surface
horizon is characterlstlc of humus clay, tending to change into Rendzins
series. The surface is 4 inches to 24 inches thick, and the surface has a
coatihg of humus crumbs about half inches thick and below this its struc-
ture is cloddy 1n "the dry season and ma551ve in the wet season., Below the
black-top5011 is a horizon of pale yellowish brown lime-free clay about 6
inches thick overlylng ollve grey and putty coloured calcareous clay con-
taining small whlte ca101um carbonate concretions (1/8 inch diameter).
Slight orange staining may appear between 24 and 42 inches. Below about
42 inches'therbﬁfént;marlstone is found which may contain up to 60 percent
of calcium carbgnate}.,it_is soft and when dry breaks with a conchoidal
fracture; black"mangahesé dioxide and orange. ferric hydroxide staining
and calcium carbbhat¢ concretions are often but not invariably present.

Plantfhutrient.sﬁatus_isihigh in. all fespécts except available phosphate.
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:The”moet-imPOrtant crop on this so0il type is sugar-cane which gives
profitable.yielde even in the wetter, eastern localities which were for-
merlygunder“cacao.; Cacao was highly productive during the first two dec-
‘ades of itsfekistence but yields declined severely from witches-broom in-
fection and large areas were abandoned during the slump, Rising prices
have receotly encouraged planters to rework their fields but most of them
were too far gone to make this worth while complete replanting with high
bearing strains would still be profitable,

C0n5p1cuous features of the land in the Ste. Madeleine district are
the white capped hllls, These are the result of thorough cultigation of

whole-slopes from top'to foot, whereby the black topsoil was washed and
the white marl exposed at the surface.

(No.47) Tarouba Clay ----- Drainage impeded

'_This eoil type is_canfined to the peneplained country south of the
'CentralzRange It is most extensive in the San Fernando-Princes Twon
dlstrzct with dlscentmuous outcrops stretching to the Nariva Swamp.

It is derived from green clay shales of Oligo-Miocene Age. The total area
covered is about_23,000_acres. “For the present development project, the
area is selectedrwhefefthe series are located mainly close to No.49
Ecclesville series in. the sduth division of the'area,‘and besides of it,
where partlally the serles are lying here and there, totaling to about
666 acres.’ "The topsoll in an undlsturbed profile is “dark olive brown clay
6-12. 1nches deep whlch overlles grey or olive grey clay, mottled olive

and yellowlsh brown, merglng into grey-green caly shale at a depth of 4 to
6 feet : ' ' '

The clay below the above stated horlzon compses of calcareous family
contalnlng ca1c1um carbonate formlng small white or cream coloured con-
cretlons.

Gypsom iS'almost.iﬁvariably present as veins and nests of crystals
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beginning at_abbut 30 inches from the surface. Shining slip surfaces
are a marked feature of the deep subsoil, Land-slips are common and give

rise to eroded phases having yellowish brown topsoils and calcium carbonate
at, or near, the surface.

The reaction is slightly acid to midly alkaline, the available potash
content is high but not as the Talparo clay (about 150 ppm.J.

Tarouba clay is an important sugar-cane soil and at one time a pro-
ductive cacao soil too, but this cultivation has become practically ex-

tinct through neglect and disease.

{No.49) Ecclesville silty clay loam to clay ----- Drainage impeded

EcpleSvilIe clay is found in a broad belt on the northern flank of
the middle part of the Central Range. Smaller areas occur in the lime-
stone country near Biche, in the type localities at Ecclesville and in
severgi‘other mﬁch_sﬁaller:and-widely scattered spots. The total acreage
is aboutTSO,OOO; but-thé_soii is distributed connecting to No.47 Taruba
Clﬁy of'thé;sputh part in the development area, totalling to nearly 893

acres.

' This $0i1 fypé is derived from non-calcareous clay shales of Miocene
Age._'The_tépsoillis'dark'yeliowiSH brown silty clay loam. .Grey mottling
appearsuat'lé in¢ﬁes and becomes more marked with depth. Black manganese
didxide Stainé freqﬁént1y'o¢cur below.24 inches. Shaly clay stone or silt-
stone’is,usualiy fqund_at’about 6 feef from the.surface; this is some
shadefof-gréy stainéGZYe116Wish'brown in fissures and bedding planes.
_Gypsum_crystals.maY'QCCUr below 3 feet, but they are not invariably pre-
sent,” '

Thé_profiié_is stfongly.to medium acid (pH 5-6.5) being about 50

percent Saturatéd'with calcium.:'Much of the area was formerly planted

with.tocoa_butzﬁe:y”little'survivés'fody.
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(No.50) Talparo silty clay to clay ----- ‘Drainage impeded

These'soil typee distributed méinly over the central Trinidad is
derlved from non- calcareous clay shales. This soil covers about 104,000
acres 1n two broad belts on either side of the Central Range and a few
small areas at Mayaro Manzanllla, and Matura, However, in the project
area, the 5011 of this type distributed near Mayaro, about 2,412 acres,
at the southeastern part of the_area. This soil is in general noted for
red clay or :eddish weathering clay, An disturbed profile has four dis-
tinct herizens; (l)'dafk to light yellowish brown silty clay or clay for
the first 6 inches;:{Z)-yellewish brown silty clay or clay mottled orange
for about 12 inches; (3) red clay, mottled pale grey or olive grey for 2
to 4'feet,-becoming grey mottled red with depth; (4) more or less lami-
nated grey clay, whieh varied from olive to blue or even purplish grey
stained yeilowiSh brown in fissures and bedding planes, The yellowish
brown tOpsoil.is not very often seen in the sugar-cane belt as it has
eithef Been'lqst by erosion or has been incorporated with the red sub-
soil. .ThehgenerallappearanCe of the cane fields on this soil type under
the ploﬁgﬁ;'is bfight brick red, when wet or light reddish brown when dry,
but - closer 1nspect10n always reveals the grey mottling of the exposed
subsoil, When the parent claystone is carbonaceous much of the mottling
in the deep subsoll is purpole in colour. Gypsum crystals almost in-
varlably occur below 4 feet and sometimes as high as 2 feet from the sur-
face. - They may be ‘found in sporad1c nests, irregular veins or in massive
crystals up to’ 2 1b. in weight. The larger crystals are usually found
near . the line of contact.of the acid Talparo clay with the highly calcare-
ous Prlnces Town ‘clay,’ always on the clay side of the line and hever in
the: marl Iron concretlons crimson er orahge in colour, soft, semi-
hard or hard may be seen in any ‘horizon but they are rarely abundant; they
' seem to be more frequent in the drier aress. They vary con51derab1y in
5lze and shape from roads about 1 inch diameter and 4 inches long to flat
angular pebbles bes1des the common plSOlltth form. Black manganese

dendr1t1c stalnlng may be found below 2 feet from the surface. Internal

dralnage is 1mpedcd and 15 certalnly very little in amount after the dry
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season cracks have sealed up. But during the time the cracks are open

a great deal of water may f1nd its way to the shaly clays via gypsum
veins, old:root traces and bedding planes. If the slope is long and
steeper_than about 60 and especially if it is a dip slope the wet clay
- dry eiaY'shale contact will be lubricated to such an extent that the

wet mass will slide over a large concave area.

‘Heaviness in fexture and high acidity (pH 4.0-5.0) combine to make
the Talparo clays heve one of the highest lime requirements of all
Trinidad soils'(s to 7 tons per acre) but some of this requirement may be
met byithe gypsum, in so far as calcium nutrition is concerened. Availa-
ble potaeh is'usually_present in adequate quantities and is sometimes as
high as 1,000 ppm. Aviiable'phosphate is usually very low in amount and
the capacity for fixing phosphate is very high. Under estate manage-
ment theee soils can produce good crops of hardy sugar-cane, but high
levels of nltrogen and phosphate manuring are necessary as well as liming
and contour plantlng Large area are under peasant cultivation, in which
case, ylelds are: very much lower, Cacao was formerly planted over most
of the eastern ‘side of ‘the red clay belt, but only when the trees were
young and well_cared for, were good crops obtained. Most of the cacao

trees are now extinct or abandoned.

(No. 51) Tamana Clay ----- Drainage excessive

Tamana clay is derlved from orange coloured limestone which ocecurs
1n th1n outcrops, strlklng SW-NE from Point-a-Pierre to Manzanllla, cov-
ering. about 3, 000 acres. However, this is not included in the area
selected for the develophent They are comparétively shallow soils and
'con51st of . a top5011 about 9 inches thick of dark brown humic clay with
a flne clod structure overlylng 3 to 12 inches of yellowlsh ‘brown clay.
Below thlS is the parent material which-is a bright orange brown clay full

of llmestone brash Masslve rock usually appears within the top 3 feet.

ThisgSoilwiS'remarkable in that it supports_a xerophytic type of



natural vegetation -~- Semi evergreen seasonal forest, accounting for

in the steepness of slope and the non-availability of subsoil water.

No.53 Mayaro sand to fine sand ----- Drainage excessive

This top soil type is derived from soft Miocene sandstone or con-
glomeritis sandstone, coVering an area of 9,500 acres in the Central
Range and at Mayaro, of which the small part is included in the develop-

ment prOJect area.

Aport:fromia Siighfly darker topsoil the whole profile of the normal
phase is'undiffefentioted into horizems and is a uniform yellowish brown
sand or loamy sand down to 6 feet, Solid sandstone occurs at an unde-
termined depth below this, but a few erratics may be scattered on the
surface or may be exposed in deep cuttlngs. In the stony phase which is
derived from conglomérate small black cherty pebbles may occur sporadically
throughout the proflle or be restricted to definite strata. Mayaro sand
is 1ess ac1d and TlChET 1n potash than other desentary sandy soils.

Where s_lopes are not too steep and the sites are sheltered from drying
winds good sfano of_cocoé:are‘barried.

No.55 Brasso clay --5—f'Diainage imperfect or free.

Brasso clay 15 “the most w1despread soil type of the higher parts of
the Central Rango, In Nariva Swamp, Bois Neuf Hill support this type
soii 'ﬁAn acti#e mud volcano is in Nariva Swamp and the gushed mud is
alkalln pH 8.0 - 8. 6 . KCl) Parent rock of Brasso clay is a silt
stone.‘ The top5011 is a dark brown humic clay rarely more than 4 inches
deep, below whlch is about 12 1nch’s of a yellowish olive clay. The
ground colour of thls is llght r;*ve brown, incdnspiouously mottled shades

of yellowxsh brown. Free calc1um rarbonate, is usually found at about 30
1nc1es from the surface._“ ' '

-P;ant‘notfieﬁtfoohpgﬁtoié'fairly good, cocoa is highly productive on
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on young estates but the trees decline severely after about 30 years.
Teak trees attain thelr maximum height on this soil type. Sugar-cane,

maize .and ground provisions do very well with normal care.

Hoﬁever, the part of Bois Neuf Hill has high elevation among Nariva
Swamp, ‘and the part is too much in drainage and excessively desiccated
on the grouﬁd surface in the dry season, and thereforg field irrigation is
neceséary for water supply, leading to the high cost of the development
cost. Therefore, study on availability of Bois Neuf Hill in view of
leaving the area for residence area, green zone or other public uses, is

considered rather reasonable than striving for agricultural development,

No.56 Marper silty clay and clay ----- Drainage imperfect

‘Associated -with the Montserrat and Brasso series is an intermediate
series of clays derived.from contemporaneous Miocene deposits. These
were first, descrlbed in. the Marper-Canterbury Estates region of the E.
Central Range but were later found to be extensive in the Montserrat Hills.
The total area of 3 Warper serles is about 2,000 acres, of which a small
area is 1ncluded 1n the development area., The topsoll in the normal phase
is about 6 1nches deep of a very dark brown almost black crumbly to nuttly
clay whlch may be ‘as much as 15 inches deep in the deep phase Below is
a unlform yellow1sh brown to brownish orange, more compact clay whlch
frequently contalns an abundance of white calcium carbonate roncretlons.
When there are no. concretlons this orange coloured horizon may have a
reddlsh cast Yellowish. olive mottling may appear below 4 feet and this
merges into. yellow1sh brown to yellow1sh olive clay shale. Seom excep-
tional proflles are brlght yeIIOW1sh brown to 10 feet. Free calcium
carbouate may occur 1n deflnlte horlzons or less frequently, not at all,
but" the whole pr0f11e is more’ than half saturated with calcium. leestone
chips or rocks may occur at any depth espec1ally in the more easterly
outcrops of this 5011 The deep phase is found chiefly in the vicinity
of San Salvador and Tortuga Estates in ‘the Montserrat District, where

0ccup1es well deflned upland terraces - In this locality it is distin-



guished from the Montserrat clay in having a darker and deeper topsoil,
larger calcareous cdncretioﬁs, slightly mottled, compact or shaly sub-

soil, larger calcareous concretlons, sllghtly mottled, compact or shaly
.sub5011 clay 1nstead of fr1ab1e clay.

Plant nutrient stetuS-is above the average, especially in the deep
phase where both available potash and phosphate may be high. Excellent
_stands a cocoa are to be seen on the Marper clays but in the flatter spots

young trees are difficult to grow compared with the surrounding chocolate
coloured soil.

No.57 Canterbury silty clay ----- Drainage imperfect

Canterbury silty clays is practically confined to the eastern half
of the Centrel Range, with small outliers near Guaracara and Point-a-
Pierre,-eoverihg in all about 4,000 acres which is not selected for the
develbpment. It'iS'derived from black or dark grey, hard carbonaceous
shales of Eocene to Lower Cretaceous Age. The topsoil is a dark to light
brown 511ty clay averlymg yellowish brown orange wottled horizon about
12 1nches thlck This grades into an unconselidated mass of brashy shale
fragments dark biown in general colour and stained orange brown. At 5
to 7 feet below the surface ‘the parent rock appears; this is hard, black,
calcareous and very mlcaceous shale venined with white clayey f11ms which
ere belleved to be kaolin. Hard, crimson purple haematite concretions
are_a marked_feature”of thlsfsoii type, being found at any depth from the

" surface to the parent rock and any size up to 1-1/2 inches diameter.

“The nutrlent status of this soil type is not outstanding, apart from
hlgh top5011 orange matter content [6 -8 percent) '

No.SQ'Mdrﬁga 1oam AA-{—'Drainage imperfect

Moruga 1oams are 1ocated on the northern flank of the Central Range
“and’ to the South of the most southerly red clay belt. Altogether about
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30,000 acres of theearee are covered by these loams, of which dispersed
192 éereS'iSISelected for this development project, for the vicinity of
the upstream ‘of the Guatacare River and the area north of Rio Claro-
Mayarq_Road_south_east of the area. They are derived from very variable,
fine sand-silt clay shales of Miocene Age, which have heen folded and
faulted into most complex geological structures. The weathering products
are shallow loams which on account of steepness of slope (young topo-
graphy) do not dlsplay any strlklng pedological characteristic. The top-
soil 1is yellow1sh brown fine sandy loam or fine sandy clay loam merging
into paler yellowish loam which may be slightly mottled with orange brown.
The whole- proflle is very micarceous but never calcareous nor gypseous.
Plant nutrient status is medium to low in every respect and this is re-

flected in the agr1cu1ture.-

No.60 Mount Harris Catena ----- Drainage. imperfect

- S0ils. of this category are widely distributed on the southern flank

of the Central Range where they occupy about 10,000 acres, but the soil -

is not- found in the prOJect area. They are catenary because they follow

a topographlc sequence and. have the same parent materials, viz. gritty
Saﬁ& ' They are derlved from the weathering products of narrow bands of
gritty sandstone outcropplng in red mottled clays of Eocene-Miocene Age,
The actual area of the sand outcrops is usually small and confined to
ridge" crest ~hut: the loose coarse: sand into which it breaks down is washed
over a- con51derab1e area of the lower clay slopes: Fragments of coarse
.grlffy sandstone are also scattered erratlcally, both on the surface and
within the. 5011 proflle.' The net result if normally a 'soil similare to
the Prarco series but with larger sand gralns overiylng a red mottled clay
subso11 The top5011 con51sts of humus coated quartz sand, dark brown at
the surface ‘and. paler below '”hls overlies a very. light grey silty clay
mottled brlght orange for almost 20 1nches then the mottling changes
abruptly to. crlmson mottllng Orange mottllng appears again at about 3
feet from the surface and- flnally replaces the red. Owing to great ir-

TegularltleS,ln_topography.deep accumulatlons of sandwash are produced in
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clay hollows and form small areas of almost perennially water-logged soil,

The mineral nutrient status of these soils is very low and they are
extremely acid throughout the profile, and accounted for non-avallability

for agriculture. Fortunately the largest area of the Mount Harris Catena

is. in a permanent Forest Reserve.

No.61 Mitan fine sandy loams to silty clays ----- Drainage imperfect

These soils are practically confined to the eastern half of the
Central Range with three small lenses South of the Guaracara Limestone
outcrqps eovering about 6,000 acres in all. But these soils are dispersed
over only]Z? acres in the project area. The are derived from non-cal-
careous silty shales of Eocene to Cretaceous Age., Profile horizons are
rather ill defined but are characterized by an abundance of angular frag-
ments of semi-hard brown or green shale, The topsoil is very variable in
texture, patches'of veilowish brown fine sandy loam to silty clays being
found w1th1n very short distances. These overlie at 6-12 inches an orange
or orange red mottled horizon whlch at about 2 feet & inches changes to
brashy.shale. Grlt fragments and crimson iron concretions may occur at
any'depth" Black manganese dioxide staining and white kaolin films are
often found below 2 feet

_e'The'minefal nufrient status is low and the profile is acid through-
oﬁt,'“MdSt*ef'the land of this series is under kigh forest and the small
afeae.thet have'beenieleared for agriculture are now abandoned. Brigand
Hiil3bﬁt.near1y ail died eut soon after coming into bearing from lack of

subsoil moisture reserves and root-room as well as mineral nutrients.

- . Land Classification

Relatlonshlp of each area of the soil series of the' surveyed area

wlth the area selected for the development is shown in Table C-1. These °
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areas are classed according to the deposit pattern and availability of
drainage system, and also soil condition and avilability of drainage system
control vegefation status " In other words, Nariva area is classified into
the f0110w1ng flve groups, according to the geological condition, propriety

of drainage, 5011 proflle ‘and vegetation status.

Topographical and Geological Classification

(1) ‘Plain alluvial area at the low elevations situated at the back of
the natural dike of the eastern part.

(2) Plain alluvial area among slightly higher elevations than the high
~tidal lJevel.

(3) Slightly high island-shaped land and low hilly land located in the

_plain area stated in (2) (On Bois Neuf Hill is an active mud volcano.)

(4) Ailuviai.area whibh;Slbpes down f£rom the western gradually sloping

area to the piain area éxfehding toward the sduthwestern'part.

(5) Béaéh'duhes striking from nofth to south along Codos Bay.

Land Cléssifibation'by Drainage Ability

{l)_lThe area whlch is 1ower than the high tidal level and impeded in
'dralnage, partltally forming swamps '
: - _
(2) -The area whlch flooded and inundated, caused by the relationship
of the flows from the mountalns and drainage ab111ty with topo-
graphy and elevatlons in the rainy season,
(In the dry season, ‘the area between central and southwestern part
is droughty and at the north eastern part, there is some areas

: where the water is stagnant.
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Drainage is imperfect, .In the dry season the land is draought.

Soil Series No,10 Macow_Peaty Clay is the representati-e of the area,
of which topsoil is characteristic of being covered with grass litter

ahd'péat'and.thé subsoil is of clay. Near the beach dune sandy soil

Soil Series No.8 Bois Neuf Clay, No.9, Nariva Swamp Clay, and No.23,

Navet Clay are the representative of the area, of which the area is

_very wide and dominant in the Nariva Swamp area. The profile of the

most of the area is strongly acid just under the topsoil, and of

Soil ‘series No.41. Las Lomas Fine Sandy Loam to Loam, No.50 Talparo

-Silfy:Clay to Clay and No.55 Brasso- Clay are representative of the

‘area, and dispersed. Dune iS'of.sandy soil, Soil Series No.41 is

of silty loam, and the Bois Neuf Hill is of humus. Judging from the
séil téxture; Bois Neuf Hill should be classed in other way, but
from respect of topography, vegetation and propriety of drainage,
the Bois‘Neuf'Hill is dealt with classed as this group.

SqillSefies,_No.Q. L'Ebranche silty Clay to Clay, No.43 Princes

_Town.Ciay,'N6.47;"Turuba Clay and No.49. Ecclesville silty clay

loam to clay classed as this group. Most of the area is clayly soil

presenting Manganese oxide mottling and partially silty clay to silty

(3) Drainage is free
(4
(5) Dréinage is eXtremely.free.
Land Classification by Soil Texture
(1)

partially locates in the subsoil.
(2)

‘heavy clay soil including no gravels.
(3)
4y

clay loanm.
(5)

5011 seri35 N0{14-“ Cbcal Fine sand is component of the area, and it
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entirely covers the area.

Land Classification by Vegetation

(1)- In tidal compartment mangrOVes grow thick, and partially land of
humic grass, mainly sedges, is formed.

(2) The central part is thickly covered with giant aroid and giant sedge,
‘and partlally around the Plum Mitan rice, and water melon are farmed.
In the northeastern part, cascadoux grass and the litters are laipd
up, locally wild tanian forming groups. Forests and woods covers
the southwestern sllghtly high elevations.

{3) Jungles composing of various kinds of vegetation covers the area, of

which southeastern part, soil series No.41, is cultivated.

(4) The area is partially utilized as estate, and the others are covered
with extinct copses.

{5) The érea;has'been utilized as coconut plantation.
Abouf,ZG,SOO acres for the project is classed based upon each section
stated above as follows. However, soil series No.1l0, Macaw Peaty clay is

not included because of 1mp0551b111ty of cultivation.

'_Lahd c1assificatiqn - o 2 3 4 5

Land Area (Acres) =~ - 21,295 3,608 1,634 19
Percentage . - 80.2  13.5 62 0.1

.Except for the southern hilly land in the project area, most of the
area is of the sllghtly hlgher elevatlons, plain alluvial area, than the
high tldal water. 'In. the ralny season most of the area is inundated and
relatlvely hlgher elevatlons is droughty in the dry season. The profile

is strongly ‘acid from the undernearth of the surface, including no pebbles,
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and of heavy clay soil. Most of the area is thickly covered with giant
sedges and giant afoids, Around the Plum Mitan, the aréa is under the
temporary cultivation. As most of the project area is not to be inundated
in the near future as the project is promoted. Therefore, for the land
utilization scheme, the soil texture which has been stated above must be

taken into the consideration as among the most important factors,

Land Use Plan

The Nariva Swamp area was classified into 5 groups according to the
natural condition as stated previously. From the features of each group,
the follow1ng5 are stated as the conclusive understandings.

Land Use of Group I.

The féature of this groups is characteristic of peat in the top soil
and clay soil in the under layer, with sandy soil partially distributed.
Judging from the dralnage condltlon and the distribution of elevation,

this group is con51dered hard to be actively developed for the agricultural
land.

Land Use of Group II

As:the.featuré'bf this group is of strongly acid heavy clay soil just
from the undernearth of the humds'tOpsoil full consideration is necessary
for plannlng of drainage, irrigation, decision of the introductive crops
and farming program ‘Since ‘also permeability coeffeciency is small, the
density ‘of thé.canalsfmust be considered as high as possible upon the
drainage planning.. Upon.the irrigation planning, the followings shall be
considere&' as the permeability of the soil is small , required water
quantity is not always large but because of occuring of cracks by the soil
drought , the 1n1t1al water quantity shall be much; and as the water dis-
trlbutlon is not well due to the cracks the water does not reach to every

terminal” smoqthly, if the span of irrigation canals are too large; lastly
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if the_depthiof excavation is properly adjusted, it is considered that
canals are td'bear the both functions of irrigation and drainage. Upon
selection df'crops which are to be introduced, the crops shall have to be
considefed 50-as td grow on the heavy clay soil has to be taken into con
sideration, as for the effeciency and selection of models of agricultural

machinery.

Land Use of Group IIT

The soil let_the.drainage free, but the Sand Hill is poor is holding
water. As at the Bois Neuf Hill is of humus and sloped, it is expected
that_théVSQil is excessive droughty and therefore that irrigation is
needed. However, as the water has to be pumped up, the cosr is to be high.
Also considerable soil improvement of Sand Hill as well as Neuf Hill is

necessary, and therefore the cost is to be high also,

From what have been discussed above, it is reasonable that the area
is planned'pot as agricultural land but as picking place for sand and
soiis‘fof‘tohstrubtibn or green zone for the future. In the southeastern
part there are somé areas which settlers cultivate. The area, belonging
to the Soil Series No.ﬁl,-is free for drainage, with scarce giant trees,
so that it is.concluded that there is no good condition except for easi-

ness of land reclamation.

In case uncultivated land is developed in the future, it is hopeful
that'the'land_is_used-for the pasture farming with every several years'

ploughing, for being restore organic'mattérs to the soils,

Land Use of Groﬁp v

~ The area of'théxsoil-Series No.19 among the group is used as the
estate_wheré_éacao;‘Coffee‘and banana are planted together, and some of
the area'aréfsuccessfully pioducing the crops. But in general the yields

are.considefed-lower., Asithe most of the soils belong to this group have
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been'utilizéd, it is not to be selected'for the present development pro-
ject. However it can. be said that the area where is inundated in the
rainy season will give benefits by the drainage of the water, The group
includés the Series No.43, No.47, and No.41, being distributed mainly in
the southwestern part, where wind belt is formed,

Land Use. of Gfoup v

‘About 100 percent of the whole areas belonging to this group is beach
dune having been used for coconut plantation since before, and is ex-

cluded for the present devélopment project.

Judging from the soil texture, it is hopeful that the group (2) with
parts of group (3) and (4) shall be used for the agricultural development.
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Table C-3 Buffer Capacity

Soil - P.#£. Values
Series Sample m.e, Base (0.IN NaoH) odded per 100gm Air-dry Soil
No. No. 0 1 2 3 4 5 6 7 8
S1-1 5.2 6.5 7.7
23 1-2 5.2 6.4
"1-3 4.9 5.8 6.3 7.0
2-1 4.7 5.4 6.0 6.4 6.7 7.1
2-2 5.1 5.3 6.2 7.0
8 23 47 5.8 6.7 8.0
2-4 5.3 5.9 6.5 6.8 7.1
3-1. 4.7 6.0 7.7
19 32 4.9 7 7.0
3-3 4.8 6.1
- 4-1 5.5 8.0
55 4-2 | 5.1. 7.7
4-3 45 5.6 5.8 6.5 6.6 6.9 7.5
4-4° 4.4 5.0 5.4 5.7 6.0 6.4 6.5 7.4
- o
10-. '_-5_-_2. :5.'__4 6..3 7.3
5-3° 5.5 9.5
. 6-1 . 5.1 5.8 6.7 7.0
9. 6-2 5.0 6.2 7.5
S 6-3 5.2 6.5 7.5
7-1 5.3 7.5
S -7-2- 5.4 9.5
4 7-3° 5.9 11.4
S 7-4 7.0
Cis. U701
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Appendix D
Hydrology

General Descriptions

The project area shows topographical features that it is a swamp-
land of ailuvial'déPOSits, surrounded by the Central Range on the north
and the west border and by the hilly lands on the south, sloping gently
down toward the Atlantié_Ocean on the east. Topographically, the project
area can be divided, on hydrological analysis, into following two divisions;
about 11,000 acres of a swamp.plain facing Cocos Bay, the Atlantic Ocean,
and about gross 15,500 acres of hilly lands on the southern part of the
project -area. |

Most of these areas are covered with heavy clay soil and vegetation
in the area presents two aspects; the one is a tropical jungle in the hilly
land and the other is a grassy plain in the swamp area. There exists no

bare land in the project ares.

~ Almost all rivers of the project area originate in the Central Range.
Dendfititally joinning their tributaries, the rivers flow down, losing the
river traces around the plain of the swampside and in the wet season in-

undate over the vast area.

River System:

QThéfwafersheds adjacent to the project area are divided into small
divisions by hany'rivérs?.which flow down to the project area. The water-
shed divisions-of ste main rivers are shown on Exhibit D-1. Each river
cuts a.vélley touf10w through_the_watershed_joinning dendriformed tribu-
taries, Arouhd th§ fransifional portion between the hilly land and the
plain at elevation .110 feet (T.G.R.), rivers leave only their traces,
1osing‘theifivéffroute.arOuﬁd'the swampside. Under the situations, in
the wetfseaébn,.the natdfél flow from.the watershed comes flooding to the
1ow_piain;jéﬁd after inundation on the vast area, the water drains off to
the Atlan:ic_Ocean thrqﬁgh the Nariva River running along narrow beach

bank “on" the eaStern-eadge of the swamp.



The main rivers flowing into the project area are the Anho, Jagroma,
Navet and Cuche River, and, above all, the most important one is the Navet
River having the largest watershed.

Navet River

The watershed of the Navet River occupies nearly 65.60 square miles,
about 46.6 percent of the total watershed. It originates at elevation
500 feet (T.G.R.) in the Central Range, and flows down joinning many
tributafies. It is the longest river in the project area, with about 20
miles long, that flows into the irrigable area and loses the river trace
around Bois Neuf. At the upper reach of the river in the Central Range,
there exist the Navet Dam (7.0 square miles of the basin, total storage
capacity 15,481 acre-feet) for municipal water services, and at the dam
site, the hydrometeorological station and the stream gauging station.
Also, there are the rainfall gauging station and stream gauging station
at ﬁhe Cunapo Southern Road on the mid-part of the Navet River.

Anho Rlver

—— e — — —an

The Anho'Rivér has a watershed about 37.6 square miles in the southern
hllly land ad;acent to the 1rrlgab1e area, ‘and about 5 miles long, flowing
through a low land between Bush Bush and Bois Neuf Around the transitional
portlon between the h111y land and the low flat lands} the Anho River
b1furcate5 in "Y" shape and each branch is renamed as the Guatacre River

and the Ecc1eSV111e R1ver

‘The watershed of the Jagroma River adjoins to that of the Navet River,
The Jagroma River has its origin in the Central Range and the watershed
about 5.3 square miles, which is divided into two divisions, the Jagroma
Rlver and the Charuma River by the hydrological analysis. The watershed
is ramlfled by the Blche Cartal, Charuma Black Water and Red Water River.
The_natural fIOWS-from these watersheds are conducted to the lower part of

the‘SWamp‘with-thé Jagroma Cut constructed in the Plum Mitan Rice Scheme.



Cuche Rive

The Cuche River, starting in the Central Rahge, has a watershed
about 11.9 square miles andiplays a vital role in the Plum Mitan Rice
Scheme. The watershed is ramified by the Cuche, Rarrow, and Congue River.
The floods. in the wef season are conducted to the Nariva River through the
Cuche and Petite Poole Cuts, and then drained off to the Atlantic Ocean.

These Cuts are utilized as the irrigation cnals in the dry season.

The watershed adjacent to the project area is covered with heavy clay
soil and forms a shallow and comparatively gently valley in "V" shape by
erosion of the river flows. There can be found neither gravel nor cobbles
in the river beds. These rivers lose their traces around the irrigable

area and the'claYish soil carried by erosion is deposited there.

Climate

The irrigable area is a low swamp land facing the Atlantic Ocean and
is under an influence of the predominant easterly trade wind which is the
mosthrémarkable meteorological element over the area, and the easterly
trade wind‘carries moist air from the Atlantic Ocean to the area. This
o air ma$é reéches mountains .of the Northern Range or the Central Range,
where the moisture contained in the air transforms to the rainfall, which
chéracterizes'thé distribution of the annual rainfall in Trinidad Island.
-Exhibit D—2-pre§ents the annual mean rainfall in Trinidad Island. In the

prbjé¢t area as well, the rainfall has a tendency to increase more in its
.amount gradually from the coastal to the mountaineous area. The annual
rainfall in the project area ranges in amount for 80 to 110 inches. As
the‘secondary_element of the climate, there are storms with rainfalls
am@ﬁnt are irregular. The foregoingly stated rainfalls are the water
sources for irrigation in the project area, and under the topographical
conditions, the climate shows two aspects which are in the mountaineous
area with watershed -and in the low swamp area close to the coast., There
is, however, no remarkable difference between these climates in the pro-

ject area.



Precipitation

— rwr v b e ot —

In the project area and its watershed many rainfall gauging
statlons are established in the scheme of the Trinidad Water Resources
Survey, and various observatlons are taken. Their locations, observation
terms, and observation objects for each gauging station are shown on
Exhibit D-1.

The ralnfall distribution characterizes the seasonal fluctuation,
and the cllmate divides into two seasons; the dry season from January to
April and the wet season from May to December. The driest month is March
and the wettest June and November. The monthly rainfall data recorded are
shown in Table D-l on the representative gauging stations as the Newland
Estate, the Plum Mitan, the Cocal Estate, and the Bush Bush Camp. And
the illustrated mean monthly rainfall is shown at the upper part on
Exhibit D-3.

_'Areund the project area, only meteorological observation is carried
out in the hydro—ﬁeteofological etation at the Navet Damsite. The obser-
vatioﬁ has been conducted since Mey, 1967. Accordlng to the data observed
in 1968 the average mean dally temperature for the month is 78° Fahrenheit,
and the mean daily maximum temperature for the month 85° Fahrenhelt the
mean ‘daily minimum temperature for the month 70° Fahrenheit. The annual
fluctuatlon of the temperature is very small,

Under the circumStaﬁces the crops are little restricted with the seasonal
fluctuation of the temperature ~ The meteorological observation Tecords

at the Navet Dam51te in 1968 are shown in Table D-2, and its illustration
is at the lower part on Exhibit D-3, together with the illustrated record’
at Plarco Alrport._ Little differences of the temperature between at the
Navet Damsite and Plarco Alrport can be found from the said observation

Tesults
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Wind

As mentioned before, the predominant easterly trade wind blows
from the east or the northeast to the west in the project area all the
year round, and occasionally brings rainfall. The wind velocity obser-
vation records in 1968 at the Navet Damsite near the project area are presented
in Table D-2, and those ranging in date from 1948 to 1964 at Piarco Air-
port in Table D-3, A considerable differences of the observation value
between them are recorded owing to their differences in elevation and

topography .,

— -

The observation results on humidity at the Navet Damsite and Piarco
Airport are shown in Table D-2 and D-4 respectively, Since the Navet Dam-
site has much rainfall due to its higher elevation, humidity is higher at

35 percent than that of Piarco Airport.

sunshine Hours

The observation records on sunshine hours at both sites of the Navet
Damsite and Piarco'Airport are shown in Table D-2 and D-5 respectively.
Both sites are almost on the same latitude, and are not different on the

sunshine hours.

The observation records at the Navet Damsite shows a very high eva-
poration value and the annual evaporation from the free surface is about
60 percent of the'anﬂual rainfall, The evaporation by the pan at’ the Navet

Damsite and from the free surface in 1968 are shown in Table D-2.

Hydrologic Records

The hydrologic data in the present réport are obtained from obser-
vations by Trinidad Water Resources Survey, Water and Sewerage Authority
of the Mihistry of Public Utilities, Drainage Division of Agriculture,
and Lands and Fisheries Central Experimental Station. Their locations,
observation objects on the climatology, and those of the stream gauging

stations are shown on Exhibit D-1.

Climatological"Records

Collection and recording of the climatological data are carried out

based on the:interim report No,1l, No.2 and No.3 by the governments of

D-56



Trinidad and Tobago and Canada in cooperative project for Trinidad Water
Resourcés Survey. The observation by Trinidad Water Resources Survey
started in 1967 and covers various items such as rainfall, sunshine

hour, wind velocity, temperature, humidity, evaporation, river discharge
and sediment with the country-wide observation net-works, but due to the
short-term observation, the said data are insufficient in the statistical
treatment. They are, however, very useful for making the present report,
The data at the Navet Damsite very closely relating with the project area,
are shown in Table D-3, and other data by various gauging stations in
Table D-1, D-3, D-4 and D-5, and further on Exhibit D3,

Stream Flow Rec0rds

The discharge observations on the Navet River are conducted at the
Navet Damsite and Cunapo Southern Rodd by Trinidad Water Resources Survey
and Water and Sewerage Authority of the Ministry of Public Utilities.
The locations of the gauging stations, the area of watersheds, observation

starting time, and the observation agencies are shown in Table D-6.

Table D-6

Index to Stream Gauging Station

Station g;:inage Location Gauggj Start of Recording
No. Namé Clas's—-7 sq.miles (ézzin) [ﬁzgi) type records  agency
3,1 Navet = P 18.0 2/ 10°21'00" 61°10'47" A35 1JUN'67 T.W.R.S.
3.2 Navet P 7.0 E/ 10°23'57" 61°15'06" R 1JUN'61 W.A.S5.A,

reservoir = T.W.R.S.
4.2 Pure S 7.4 10°201 14" 61°18'08" L 14JUL'65 ﬁ.a.ﬁ.g.

1/ Class P: Prlmary station, Class: Secondary station.
2/ Excludes Areas above Navet Dam.
3/ Includes Reservoir Water Surface Area.
4/ A-35: Leupold § Stevens A35 Continuous Strip Chart Recorder.
R: Reservoir Station. L: Lea Rotary Horizontal Drum Type Recorder,



The water balance in the Navet Reservoir is composed of various factors: dis-
charge overflowing spillway, rainfall, evaporation, leakage from dambodies
and the foundations, and water intake from the reservoir. The resume

on the relation_betWeén mean annual rainfall and the run-off for the period
1967 and 1968 are shown in Table D-7.

The summary of annual stream flow data of the Navet River in the
period of 1967 and 1968 is shown in Table D-8. Though many rivers flow
‘into the project area, the observation of discharge is conducted only
on the Navet Fiver; And yet the observation term is not sufficient with
the obtained-data'as_bdsic materials for statistical treatment of the
hydrologic analysis. The establishment of the additional gauging stations

is required as well as the continuous observation.

Water Quality

The measurement of the irrigation water quality is conducted on
PH value, electrié'éonductivity and salinity of the water of the rivers
around the project area and the results are shown on Exhibit D-1. The
water flowing down from the Watershed.exéept the tidal compartment of the
Nariva River_and L'Ebrahche River, proves harmless to all crops in the

area, The result of the water quality survey is shown in Table D-9.
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D-3

Table

in mile per hour (Piacro Airport)

Mean Windspeed-

Dec.

Qct. Nov.

Sept,

Aug

Jan, Feb. - Mérgh JApril  May June  July

Annual
‘Mean

@
6.2

4.5

Year. . .

(12) (13}

(11)

(10
4.7

(%)

(8)
5.2

7
6.1

(6)

5y

(4)
8.6
7.5
7.7
4.9
7.5

(3

'7;9'

(1)
6.1

6.6

4.3 6.2
5.6
4.0

3.8
4.3

7.0
9.4
6.1

6.6
8.5

1948, . ieininsnn
1949, e

4.7

4.5

4.8
4.1

5.4
4.6

4.6

8.2
6.7

6.7

6.8
5.9

‘6,2

6.1

4,7
4,5

2.2
4.0
4.0

4.3

7.4
6.8

5.9
5.4
4.9

5.5
5.2
5.6
5.5

6.2

B -1 R

5.1
4.0
4.3

4.6
4.9
3.7

4.9
4.0

4.1

6.2
6.8

4.9
6.8
7.1
7.6

1951 . il

4.5
3.0

4.8

6.3

8.2

1952, 0 oo eerenennn.

5.2
5.5
4.6

6.2

5.6
7.7
5.9
7.0
7.2
5.3
6.7
6.0

7.0
7.4

9.1

7.4

7.0
8.2
7.8
7.6

6.7
8.1

7.0

1953, c0eenneneln.
B 1954, . .. 0ennen..

6.2
3.7
7.0
5.2

4.4
2.8
4.5
5.6

5.1

4.7
2.2
4,7
3.7
6.1

4,1

3.9
3.6
3.7
4.8
4.5
3.9
4.0
4.4

8.4
6.6
7.5
8.9
6.3

1955, 0. v e,
Forese, . i,

2.2
4.4
4.5
5.5
4.3

6.6
6.6

5.2

5.0

8.3
7.3
5.0
7.3
7.3
9.4
8.2
7.8
8.9

4.7

6.0
6.4
6.8
5.7
5.4
6.1

5.7
5.6
5.2
4.5
4.4
5.5
5.5

8.5
6.9
6.8
6.6
6.9
6.9
6.9
7.3

7.1

1957 i iiiiennnnnns

5.1

8.5
7.6
7.3

4.6
5.6
6.5
5.9

6.1

1958, .. iiiie i

5.1
4.7

4.5

4.4
4.5
5.0

6.1

7.4
6.6
8.9
9.5
7.8
8.5

1959, i vviinenns

4.0

3.5
3.8
5.1

1960 . v v enrnnnn s

7.4
6.9

7.8
8.0
9.4
9.4

1115 HUT I

4.6
6.5
2.9

4.5

1

6.3
6.5

1962, .00 enivnenns

5.1 4.8 5.4 5.2
3.9

7.9
6.7

6.1

1963, .o i

4.0 4.7

4.0

.9

6.6

5.8

1864, . vveii et

Aﬁerage

4.5 5.1

4.6

4.3

5.8 6.8 7.8 7.7 7.6 6.7 5.0 4.0

5.9

Wind data are now given for Piarco Airport where the recording anemometer is in a well exposed

H

‘Note

position and the data are more representative of general wind conditions on the island.

The effective height of the anemometer is 33 feet above ground.
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Table

Hours of Sunshine

'Annuai

De;.

Sept. Oct.

Aug,

May  June

. ApF.

 EeB5'

:Yéar

Noc. 

July

Mar.

Mean -

(13)

(9 (100 (1) (12)
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7.1
5.6
7.5
7.5
9.5
6.4
8.3
6.5

6.5
6.8

7.3
6.3

6.1

7.5 8.1

7.4
5.8
7.8
7.8
7.2

5.8
5.6

6.8

6.9

8.0
8.1

9.1

9.1
9.7
8.0

8.1
8.9
9.0
9.6
9.6

7.3
7.2

7.4
7.3
7.9
7.9

1957

8.4
7.6
7.2

6.1

7.6
7.6
6.2

6.7

1958
1959

7.4
7.5
6.4
6.5
6.5
7.2

8.4
3.9

8.3
9.2

6.4
7.1

7.8
7.2

7.4
10.1

8.5
8.2
9.0
8.3
8.8

1960
1961
1962

7.6
6.4

9.6
3.3
5.3
9.2

8.7

8.1

3.9
9.1

6.8

6.9 6.4

9.5
7.7

7.5
8.8
9.6

8.4

. 8.2

7.6
7.6

7.4 7.9 6.1

6.0

7.2

1963
1964

6.3

6.6

8.0

6.4

6.9

8.9

7.5

6.8

7.7 8.0 8.1 8.1 7.9 6.5 6.9 6.9 6.6 6.8 6.7

7.3 .

Average

Recordings from St. Clair Experimental Station of the Department of Agriculture.

sity

iver

- Pearco Airfield and Un
tely the same altitude

ty of the West Indies, St. Augustine,

i

Recordings from Univers

hown are the average of two stations

From 1946 onwards the data s :
“of the West Indies St. Augustine.

.
3

Both stations are at approxima

1
2
3.

they are about 6 miles apart.
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Table D-8

_ Navet River Annual Summazy of Stream-flow pata

Mean ' Runoff _ Mean

Extreme discharge
1967  Dis- Acre-  Millioms areal Instanta-  Min. daily
charge = feet imperial Inches Rainfall neous Peak Mean
Month o g g, Gallons Inches  C.F.5. Date C.F.5. Date
JAN ST . 6.49 '
FEB .~ 2.63
MAR _ 4.27
APR o _ 2.58
MAY 4.22
JUN  21.1 1,256 340.9  1.31 9.82 320 24 0.14 8
JUL  168.0 10,330 280.4 10.76 15.89 537 8 9.99 20
AUG  134.0 7,701 2,090 8.58 14.04 595 9 4.24 22
SEP 12,3 732.0  198.7  0.76 4.06 219 25 0.54 15
OCT  69.2 425.5  115.5  0.44 3.36 165 2 0.26 25
NOV'© 129.0  7,677.0 2,084 8.00 18.72 595 20 2.57 16
DEC  77.4 4,738.0 1,286 4.96 7.70 425 2 3.97 29
Year . ' . o . 93.78 - - - -
Mean® . .Ruhoff : : Mean ‘ Extreme discharge
- Dis- Acre-  Millons areal Instanta-  Min. daily
_ charge . feet imperial Inches Rainfall neous Peak Mean
C.F.8.. - - Gallons Inches C.F.S. Date C.F.S. Date
JAN  15.46  950.6 258 0.99 5.01 203 23 1.57 17
FEB '20132”'1,169. 317.3 1.22 4.13 298 9 1.20 27
MAR 1.87 - 115 . 31.2  0.12 3.60° 18.1 20 0.79 8
APR - 2.27.  135.1 - 36.7  0.14 '3.20  46.5 20 0.3 5
MAY 14,74 906.4. 246 0.94 7.5 204 30 1.14 13
JUN . 8g.19 5,248.2 '1,424.4  5.47  11.61 595 15 1.68 23
JUL  93.58 §,754.2 1,561.7  5.99  12.73 572 24 5.28 8
AUG ' 193 11,867.6 3,220.9 12.36 13.98 76 13 10.6 25
SEP . 97.31 5,790.9 1,571.7  6.03 8.11 668 2 5.01 23
OCT. '51.85 3,188.3  865.3  3.32 7.22 38 28 2,28 25
NOV  103.00 6,129.5 1,663.5  6.38  10.87 800 14 2,43 8
DEC . 304 1,869.3  507.3  1.95 ~5.09 300 8 3.10 31
' 0 449.1 93.61 - R -

Year 59,33 43,124.1 11,704,

D'_:Jgn
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Appendix E

Runoff Analysis

General Descriptions

It is required to clarify the hydrological and hydraulic condition
of the project area in order to make the drainage plan. In the present
project, assumption_is_required.on the flood curves of the rivers to and
from the swamp area. A rainfall pattern and a unit hydrograph are used
for that in the present report, The relation between precipitation and
runoff is based on succe551ve three days rainfall for 10 year probablllty
of exceedence: (Refer to Appendlx F}. It is, however, the precipitation
ner day that mostly affects_to_hydrograpﬁs of outflow from various water-
sheds., Lack of recerds oﬁ the suitable hourly rainfall made it impossible
to andlyze completely on the rainfall pattern. In the present preject
the basic prec1p1tat10n pattern is adopted from the record of the maximum
daily precipitation on 23rd January, 1968, at Presbyterian School Gauging
Station. The said precipitation pattern is considered as the typical one
in. the area,‘butuaJreview on it would be expected with the records to be

+ .

obtained in fUture

Maklng hydrographs for each rlver is made on the rainfall and dis-
chalge data of the Pure River by the Tatsugaml s Method, which is widely
used in Japdn.. Comparlson of the result of this analy51s_w1th the actual

measurement value can prove it very reliable.

Hydrographs for each watershed are obtained from appllcatlon of the
above - mentloned designed rainfall pattern to the unit hydrograph. The
hydrogreph‘of oﬁtflow'frem fhe irrigabie area is analyzed.under'considera-
tion. that precipitation to the paddy'fields is regulated with fields

notches'and.with conveyance capacity of secondary canals.

Pfecipitation

Probable Rainfall

Though there are mahy:rainfall gauging stations in the watershed of



the projett_area, it is_only'the Newland Estate Biche Rainfall Gauging
Station that keeps long-term cbservation records, by which an assumption
can be made about the dally preC1p1tat10n in probablllty of exceedance at
1/10. The relatlve calculatlon is, therefore, made on the data at the
Newland Estate Blche It is well- known that the frequency curve for annu..l
maximum dally prec1p1tat10n shows an abnormal and asymetorical distribu-
tion pattern, and finally it is necessary to obtain a function to represent
the asymmétorical distfibutian of these hydrological data for the assump-
tion of the probability.

For the present project, the Log Normal Distribution with wide appli-
cability is adopted The theory of "Log-Normal Distribution Function is

as follows.

2
Ii‘e'g

F(w) =
' x
where & = a log,, [(ax+b)/(x#D)], -b < x <«

0 are constants.

- where a, b, and z
Ihere5érETVariousfmethods to determine these constants based on em-
pirical'distributioh fﬁnctibns The Dr. Twai's Method which is used wide-
ly in Japan, may be applled hereln '

Flrst approx1mate value of ;

. 1- n .
loglow[]:T I logygxt
. el
S S
Assumption of b; bi = 2;?8_ (22+ms)
L .'- . 0 W
m
b=l 5 oms -
m 10
=1
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e = f.‘ = a -1 =1 10 zgtb 7
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Where mliq the observation value whihc is located at Zth in order
from the largest, and xg is the obasevation value which is located at Zth
in order from the smallest and (n-s + l)th in order from the largest, and

nis number of samples, and M 3 n/10 is integer.

After determination of the above-mentioned constants, the probable
hydrologic data for the optional probability of exceedance are presumed
in the following formula.

log1g @+) = logyg (2+b) + (L/a)k

Where £ is the normaJ variables in relation to a return period T.
Eﬂﬁbit_E-l Shbws the probable daily precipitation at the Newland Estate

giche for various return periods obtained by the Dr. Iwai's Method.

Daily precipitation -~ = 5,62 inches
Successive two day precipitation 1 6.43 inches
Successive three day precipitation 7.50 inches

Furthermore, the necessary daily precipitation for probability of
exceedance ‘at 1/100 in devision of the scale of the spillway is 10.20 inch

. per day.

" Schematic Rainfall

The variéué probable rdinfallsfat each gauging station can be estima-
ted on thezﬁasis'of the previously stated rainfalls at the Newland Estate
Biche.. Regardlng with the dally ralnfalls over 1-inch per day and the total
rainfall 1ﬁ the wet season, correlatlon coeff1c1ents between these of the
Newland Estate Blche Gauglng Station and those of the other gauging stations

arc shown in Table E-1.

Table Efl, | Correlat1on Coeff1c1ent Among Precipitations
Station. . - Daily Rainfall(over ! 1nch/day) Total Rainfall in Wet season
1, Newland Estate Biche AT 1 ' 1
2, Navet Damsite . - . - 0.52. - ' 0.83
3. Bush Bush-Camp-_,‘ o0 - .93
4, Cbcala Estate T 0.52 S 0.65°
5. Plum Mitan Rice Scheme - . - 0.63 - 0.94




The study on the above table can find that there is no correlation
in thé daily rainfall among them but considerable high correlation in the
total’raiﬁfall in the wet season. The fact that no correlation exists
in daily rainfall of gauging stations, shows that there is very little
even rainfall for the area_but;that_there is a locality with the tropical

shower,

In the present project, the probable rainfall at each gauging station
is computed in the use of the total rainfall ratio of the wet season in con-
siderable higher correlation, And they are shown in Table E-2. Since both
of the observation data of the daily rainfall and total rainfall by the
Navet Presbyterian School in the wet season have no correlation each other,
the obServafion data are exclyded, but it is desirable that the further
detailed investigation will be conducted, based on the data in future.

Table E-2 Rainfall in Probability at 1/10 at Each Rainfall Gauging Station

. ' S X Daily 2 days 3 days
Station . x Remarks 'Rainfall Rainfall Rainfall
S inch "~ inch “inch
1. Vewland Estate B 5.62 6.43 7 .50
Biche : _ .
L 1955-1968 t A
2. Navet Dam51te o 0.858 exCEpt-60,61 4,82 5.52 | 6.44.
3. Bush Bush Camp = 0.842  1961-1968 4,73 5.41 6.32
4. Cocal Estate © 0.769  1948-1968 4.32 . 4.94 5.77
T except 58 '
5. Plum Mitan Rice oo 1956-1968 .
Scheme o . _Qf887 except 58-61 4.98 5.70 6.65

* This table,'”The Probable Rainfall", shall be applied to the analysis
of a hydrograph at the outlet of a watershed in the assumptlon of ralnfall
If the schematlc ralnfall for each watershed shall be determlned in ramifi-
cation of -the total watershed as in the conventional ways, it would be use-
less:and less réiiable‘in-general because the process is much complicated
-~ for theféaléulation'”'Accordingly, on using the weighted mean rainfall for
the”tdtai'watershéd as the schematic ralnfall the results obtained by the

Thlessen Method are’ shown in Table E-3.



Table E-3 = ' Calculation of Schematic Rainfalil

— ) Daily Successive 2 Successive 3
tion : : Area % .
Station . . ° Rainfall day Rainfall day Rainfall

‘sq.mile = %5

L. Newland Estate oy 35 5990 5.62 1.67 6.43 1.91 7.50 2,23

Biche - _
2, Navet Damsite  56.68. 32.80 4.82 1,58 5.52 1.81 6.44 2.11
3. Bush Bush Camp 36.81 21.30 4.73 1.01 5.41 1,15 6.32 1.35
4. Cocal Estate  6.39 3.70 4.32 0.16 4.94 0,18 5.77 0,21
5, Plum Mitan . :
Rice Scheme 121,60 12.50 4.98 0.62 5.70 0.71 6.65 0.83
; sq.miles 5.04 5.76 6,73
Total 172.80. 100% 5.0 5.8 6.7

The schematic rainfall on 10-year probability, therefore, shall be
determined as in Table E-4.

Table E-4 o Schematic Rainfall
Rainfall - Schematic Rainfall -~ Ratio of Daily Rainfall
R R o . inch - mm ' .

Daily Rainfall - 5.0 = 5.0 5.0 =127.0 74.7

2 Days Rainfall’ 5.0+ 0.8 = 5.8 0.8= 20.3 . 11.9

3 Days Rainfall =~ 5.0+0.8+0.9'= 6.7 0.9 = 22.9 13.4

'Schematlc Ralnfall Pattern o

The schematlc ralnfall pattern is an important factor for assumption
of thelfloods,_and ra;nfall duration, -rainfall intensity and hourly rain-
fall dis%ribuﬁidn are'affected Distiibution of rainfall over 1, 5 inch per
day 15 shown on” Exhlblt ‘E- -2 on. the basis of the data of hourly rainfall at
the Navet Dam51te and Navet Presbyterlan School Gauglng Station in the
watershed. “From ‘this ‘exhibit, the d1v1d1ng ratio of the schematic rain-
fall’ pattern shall be. determlned with rainfall distribution ratio of the.

maxlmum dally raxnfall recorded at Navet Presbyterian School on 23rd 22nd



and 24th January, 1968, The daily dividing ratios of this three day
rainfall in this_pattern are respectively 79.3 percent, 6.9 percent and
15.8 percent, each of which is almost equivalent to the schematic rain-
fall dividing ratio. As for hourly rainfall intensity, 1.54 inches/hr

or 39. O:mm/hf; it is in the reasonable range in consideration of the re-
cord, 1.32 1nches/hr obtained at Vavet Presbyterian School Gauging Station
on 8th December, 1967 The result of the_estlmatlon on the schematic

rainfall'pattern is shown in Table E-5 and on Exhibit E-3%.

Unit Hydrograph

Unit.Hydrograph Method'is-applied when discharge is estimated from
the rainfall.tﬁThe-conception for this method comes from the hypothesis
that hydrographs at a certain point of a river derived from a unit effec-
tive rainfall 'in a unit hour are aiways of the same curve. Further ex-

planation to the method can be given as follows.

1) An effective rainfall with even intensity, always brings a constant

runoff in the' ‘same 'w'atershed and in'a cons tant hour.

2) Fluctuatlon of the effectxve ralnfall 1nten51ty does not make a
fluctuatlon of the hourly dlstrlbutlon cf the discharge. In other words,

hourly dlscharge fluctuates in proportlon to total discharge.

3) Dlscharge by ralnfall for a long duration is equal to the added amount

of each dlscharge obtalned on d1v1d1ng the dlscharge by a short duratlon

To-the-computation_bf discharge in the watershed of the present pro-
ject, the Tatugami's Methdd,_widely_used.in Japan, is applied. The method

is clarified iﬁtthe fbllewing'section.

The.ba51c unit. hydrograph is developed from the observed data of
rainfall and dlscharge at the Pure River in the watershed adjacent to the
PTOJect area._ That is: because the observatlon of the discharge at the
“aVEt.Dam31te is based on - the water level of the reservoir so that they

are of low*reliabilityﬁfand_because'furthermore the data at the Cunapo



gouthern Road Gauging Station on the middle reash of the Navet River is

of low reliabi1ity es well due to its discharge affected with that from
the Navet Reservoir. 'Explanation of utilization of the unit hydrograph

is given in the section on the Tatugami's Method, Exhibit E-4 clarifies
that the Navet River Watershed is approximately nine times as large as

the Pure River Wetershed,'and the flood transit time through the water-
shed to its outlet is quite different from each other. Under the cir-
mmmtanoes,~anofher-uﬁit hydrograph must be made from the data on analysis

of the records at the Pure River.

Tatugami's Method

Under one unit rainfall on a watershed, a unit hydrograph at an out-
let of the watershed is derived-from consideration that transit time through
the watershed to its outlet and storage in a river channel is affected by
the runoff path and distance from each sub-area of the watershed. The com-
putatlon for the above storage is made by following equations,

Storage Equatlon -1 S5 = Kg
' (E-1)

Cont;no1ty.Equat;on ¢ ds = (t-q)dt
Where 5 is a storage capac1ty, 1 is an inflow, g is an outflow, t is

tlme,_and K 1s a constant.

Thus, multlplylng the effective rainfall with the unit hydrograph
stated - above a tentatlye hydrograph is obtained. Furthermore, the rain-
fall loss 1n.thefwefefshed“is_quantitatively'compﬂted_by inserting an in- -
dex of”runoffofate;_whioh'is-a ratio of the direct discharge against the

tentativeehydrograph,f:The uhit'hydrograph is made as follows.

In1t1al loss of ralnfall

Rev1BW1ng the flood data for a rainfall in a watershed, an increased
dlscharge does not appear 1nstant1y, but 1t usually needs some time-lag.
In reference to Exhlblt E 5, the ralnfall upto p01nt (A), where the’ dls—
charge starts to. 1ncrease, is computed as the initial loss of rainfall.

The initial loss_may_be.con51dered.to depend on the retention in the



watershed, and as for an index, it is adequate to take the base flow
prior to the direct discharge increase; the initial discharge

The relationShip between initial discharge and initial loss of rain-

fall may be represented by the following linear equation:
- P .
.R’I_, = ~3.6 —Ar-— Q’L'-f- RO .......... (E—Z)

Where P(hr) and Ro(mm) are constants and A is the watershed (Square

killemeters). These constants are derived from observation data,

Exhibit E-5
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Direct Dlscharge:

: Direct:discharge'is defined as a discharge following a rainfall and
flowlng out in'a relatively short time, hence forming the main portion

of hydrograph This portion is expressed as the area ABC on Exhibit E-5.

E-8



pasc Flow:

The discharge continues much longer than that of the direct discharge
and constitutes the base portion of hydrograph other than the direct dis-
charge. Dischages from the ground water and its similarities fall in this

category, and they are indicated as the area ACDE on Exhibit E-5.

in order to divide the total discharge into two parts mentioned above,
the recession portion of hydrograph is plotted on the semi-log paper, and
point (" is selected from the variation point where the recession tendency
breaks its continnity as indicated on Exhibit E-5, and point C may be con-
sidered as the fermination point of direct dischafge. §b obtained by de-
ducting the initial discharge @7 from the discharge ge¢ at the point ¢ is
essential to make the hydrograph, and it has also a correlation with the
effective rainfall Re which is . obtained in deduction of the initial loss

Ri from the total rainfall R as follows,

@ =ge - FGT oo iiiii, (E-3)
_Qb =bvRe” | i {E-4)

Thé'cssehce of unit hydrograph.is the lag phenomenon, which may be
hroken'dﬁwn.into fhé-éoncéﬁﬁration‘phenomenon derived from flowing route
10ﬂgtﬁ_and‘the'storage phenomenon in the watershed, With an assumption
that the_conéehtréted veiocity is a flow velocity without consideration on
the lag Caﬁééd by the storagé phenomenon, the concentrated time T is ex-
pressed iﬁ;the relation of'tonccntrﬁted distaﬁce L over concentrated velo-
city. Althoﬁgh tﬁis concéntrated time is aétually dominated by the distance,
slope, hydraUIic d¢pfh énd roughneés, it is empirically expressed in the
equatioﬁ;j::-'t o

=T - (E5)

Where o is a constant and L is distance:



The waterShed lag, which is expressed in tg, is a duration between
a center of the time distribution curve of rainfall and the peak dischage
at outlet of watershed (Refet to Exhibit E-5) and it is an important ele-

ment of thé flood phenomenon.

The storage phenomenon is one of the other clements constituting the
lag phenomenon of flood.  The influence of inflow against the storage is

comparatlvely small and that the storage is expressed in the following

equation.
S=KQ ..iviiiii... . (E-6)

Where S is the storage, X is a constant and @ is the outflow,
At the recession portion of hydrograph the inflow is zero, and therefore,

'tontlnulty Equatlon” is,
ds/dt = Q@ .......... . (E-T)
Differentiating the equation (E-6),

ds = Kod - veern. . (E-8)

Substitutiné the eQuatibn (E—B).in the equation (E-7), and simp]ifyihg,
_dg _ s
k = Ti .Q ......... (E-9)
’ _ig __.dt E—.
Thereforg, b f._-:K .................. (E-10)

Integrating the'eqﬁétion (E-10), and letting @ = QO at ¢t =

:Q =.Qo e~t/k . . (E-11)

The~abGVp equation indicates that the recession portion of hydrograph
is an expOteﬁtial'function, and constant 1/k is called the recession coef-
ficient. Thus, k in the equatlon (E-6) is given by obtaining the recession

coeff1c1ent

B - 10
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Unit hydrograph is derived from the following sequence; concentrated
area diagram - concentrated time diagram -~ concentrated curve diagram -
unit hydrograph. Concentrated area diagram may be defined as a diagram
derived from the-sub-areas obtained by dividing the entire watershed by
respective traVel_time, and the areas are determined on the topographic
pap by measuring the distance along the river channel from the outlet of
the watershed and the distance with right angle to the contour lines for
areas where the river channel do not exist. The concentrated area diagram
developed as above is given on Exhibit E-6. 1In the next stage, the con-
centrated time diagram is de:ivcd from the concentrated area diagram. The
work involved here is to modify the realtion between the concentrated area
and concentrated distance into the relation between the concentrated area

and the concentrated time. From the equation (E-S),
T/a = L07 .. .. ... (E-12)
Letting T/a = T', the equation {E-12) becomes,

Tr=050-7 ... ..., (E-13)

Exhibit E-6
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pifferentiating -the equation (E-13),
ro.3

dp =T Al L (E-14)

Devided dd by the equation (E-14},

da L0-3 da
dT; = 0'7 . dL ........ LE']_S)

In order to convert T' into time unit, multiplying an arbitrary constant
a by T/,

"= o'7 =o't L (E-16)
Substituting the equation (E-16) in the equation (E-15),

da 1 0.3 da
arv = o’ ' .7 - L, e (E-l?}

A concentrated time diagram is made from the equation (E-16) and (E-17)
as indicated on Exhibit E-7. a' is unknown, and so an assumed value is
used. A concentrated curve diagram is obtained by applying the rainfall con-
ditions to the cOncentrdted time diagram. The discharge from each sub-area
may be'expresséd by.fdt,'provided that there is a uniform distribution of
effective:rainfall ﬁith an intensity y for the entire watershed during a
finite time increment dt. This may be obtained by multiplying the effective
rainféllnf by'dA/dT”_of the concentrated time diagram, The tentative con-

_centrated'volumé " is expressed as
-.?:n:'_—_- Y.% et e w e s an (E—lS)

The tentative unit hydrograph curve is developed by introducing the
tentative concentrated curve diagram to the storage effect.
bifferentiating the equation (E-1),

(i - q) = K{dg/dt)

Taking.fhat thé_infipw be %, and_the outflow be g; at the beginning of
dt=a, and the inflow be i, énd-the outflow be go at the end of dt=a, the
above” equation may be replaced as follows.

AN 4t 4

N S
P = g (%2 9/

B-12



dA/dT in Km2/hr

. 2K .
When K is _m?;—'+ 1 and X, is - 1, K may be obtained as a reciprocal

number of_recession coefficient, and assuming @ to be ] hour, X; and s

may be computed. Hence g2 may be obtained from the equation (E-19) as
follows. (Refer to Exhibit E-8)

1) + o + Kog

dz = Ky reeeesees (E-19)
Exhihit E-7 : , Exhibit E-8
o
/ \
(8] -
/ g I\ |
I8 — ]
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AMmEAY NN
. . \ ﬁ Vx
/) \ % f F) h-‘\h—"ﬁ-
A1 i ._-\\i » // ya N -“Lh;\
{/ - . 1 1. T - Z_d / Tl . \\
Concentration Time T in hr Time in Hour
CONCENTRATION CURVE " QUTFLOW HYDROGRAPH

The tentatlve unit hydrOgraph curve developed by applylng the storage

phenomenon dlffers from the actual watershed lag, and therefore to be re-

'assumed and recomputatlon to Exhlblt E-9, where the unlt hydrograph curve

is 1ndlcated by teh .eurve ABCD. Drawing a tangent to the curve ABCD from
point E,. the contact p01nt is expressed as . The area ¥ formed by the
curve ABCE should be equivalent to unit ralnfall (mm) x A(sq.km} = 0.27784
(cu., m/sec/hr) Therefore, taklng B as. V/Vl, the unlt hydrograph 1S derived
by multlplylng 8 by the curve ABCD

"B -13"



Exhibit E-9

DISCHARGE (CUM/SEC)

TIME (HOUR)

UNIT HYDROGRAPH

The diééﬁarge'curve;'in consideration that the rainfall excluding the
initiaizlosslﬁilis:diéchﬁrged in its entirety, is designated as a tentative
hydrograph, which.ié deriVed fr6m multiplying the unit hydrograph by the
hourlyfraiﬁfall.: Actually, the,rainfall does not discharge in its entirety,
and it usualiy.accompanies a loss. The ratio of the peak flow Pp of ten-
tative.hydtbgraph aﬁd the peak flow Qp-of actual hydrograph is called the

index of rundfffraté; expressed by fp as follows.

fp = @p/Pp (E-20)

o o AR R e L L



mn comparison with @p and Pp, fp may be empirically written as follows.
fo=Mp" o (E-21)
where M and m are constants,
solving @p from the equation (E-20 and E-21),
1 1

Gp =M Pt (E-22)

In order to_modify the tentative hydrograph by the index of runoff
rate, the rising portion of hydrograph is obtained by the equation (E-22),
and the recession portion is calculated by applying fp at the top of hydro-

5;1‘;111]1 .

Unit Hydrograph for the Pure River Watershed

Analysis is carried out‘By abstracted six samples of flood from the
discharge records at the Pure River Gauging Station with the rainfall re-
cords. These flood samples are'désignated‘qs No.1 - No.6 respectively and

the relation between rainfall and'discharge is given on Exhibit E-10.

ExhibitﬁE—ll-iliqstratesfa'relatioh between §7 and RZ, which is given

by the-equatioh (E-2). :
. . ' Exhibit E-11

No. @im3/sec Rimm
1 0.47 13.8
40 2 1.75 31,2
_ _ /- 3 - -
. -. . .’/. 4 ) _
30 h./)‘ 5 0.14 9.7
i, 6 0.40 12.3
i
—~ 20 IRy
g <Qg¢/"
~ /
Irw‘ B
e .
10 gt
- T
1.0 2.0

_,-Qi,(ﬁéksec)]- L
. E=15



§pﬁaration of Base Flow and Dirtect Discharge

There is a relation between Re and @b as given by the équation (E-3)
and (E-4). The bending point € is found on the discharge recession curve

plotted on the semi-log paper as shown on Exhibit E-12, By computing Re
and @b from Exhibit E-12, the result is obtained as shown on Exhibit E-13.

3.0 _Exhibit E-13
2.0
¥
vl
//5’
1.0 - v
. A,
-
A
)
% ?
0.5 4
N4

Qb (m?/sec)

710 .20 30 40 50 100 200
Re (mm) '

: Qi (m3/sec) Qc(m3/sec)' @h(m3/sec}) R(mm} Ri{mm)  Re(mm)

No.
1 0.47  0.77 0.30 - 26.4 13.8  12.6
2 _ . - ] ; )
3 L 0.31 1.00 . 0.60  51.1 20.1 31.0
4 C0.22 1.60 . 1.38 905.4  10.9  75.5
5 0.14 - 1,02 0.88 59.4 9.7 49.7
6 0.40 - 1,02 0.62 681 = 12.3  S5.8

- B 5.16  o
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Tg, representihg the watershed lag, is obtained by adding 1/2 of
the unit hour, that is,0.5 hour, to time lag between the maximum rainfall

intensity and the maximum discharge, as shown in the following table.

No.1 No.2 © No.3 = No.4 No.5 No.6 Mean
tg 6.5 5.5 5.5 6.5 6.5 5.5 tgm = 6.0 hour

Tg = tgm + b.S_= 6.5 % 7.0 hour

Time Base (75h)

~ Time base, expressed as Th, is obtained from the following process.
Firstly, duration between the time at the end of rainfall and at the end
of direct rﬂnoff i.e., the time upto the beglnnlng point € on Exhibit E-5,
shall be obtalned and expressed as tb ori.each runoff in.a watershed.
Secondaly, unit hour, one hour, shall be added to the mean figure of these

durations, whlch is. represented as tbnrto obtain the T1me Base of the unit

hydrograph
Noil " 'No.2 - No.3 . No.4  No.5  No.6 = Mean
14 .11 13 . 16 14 15 tbm = 13.8

Th' = tgm + 1.0 = 14.8 % 15 hour

Rece551on Coeff1c1ent c(hr"1)

bl i T T e e v Tl

The time Tz for the dlscharge to be reduced to a half is found on
Exhlblt E 12 and c, rece551on coefflclent may be computed from loge2/Ts

and shown as follows

TNo.l  No.2  No.3 . No.d  No.5 No.6  Mean

T, 080 . 40 - 3.0 _',4.0 2.0 3.2-3.0
Cce-lger. 036331" 0.231

"'E,' 17 .
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The drainage watershed shall be divided into each 2.0 km zone to

compose the concentrated area diagram as shown on Exhibit E-15. (Refer to
Exhibit E-15). '

Path line length

Zone : Area Width
Range Mean 5
No, (dL=2km) Length (1) dAB (km?) _Q%%_ (km)
1 0 - 2 1.0 7.8 3.9
2 2 -4 3.0 6.9 3.5
3 4 - 6 5.0 1.9 1.0
4 6 - 8 7.0 2.6 1.3

— e e e vl o e wh e A Bl S el oy e M wwd e bim e mww e e e o e

A tentative cohcentfated time diagram and tentative unit hydrograph
shall be made in the'method explained in the paragraph on Tatugami's
VMethod. The tentative concentrated volume 1" with the equation (E-16},
(E-17) and_(EQIB)-can"be computed as shown in Table E-6. But a in the

relativé.equations is decided at 2.5 hr/km?-7 as the result of calculation.

Table E-6 Célcﬁlétion of Tentative Concentrated Volume <"
L Phea'[0°7 ‘6%?-L073 dA/dL  dA/dT's gg%gg- %% 1=0.2778 %%
o o 0 o o0 0
1.0 2.5 . 1.43 3.9 2,23 0.62
3.0 5.40 1,99 3.5 2.81 0.78
5.0 773 2.32. 1.0 0.94 . 0.26
7.0 9,75 . - 2,56 1.3 1,33 | 0.37
8.0 10.73 o 0 0

—

E~18
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dAg/dL (Km)

Exhibit E-34

DIVIDING THE PURE RIVER BASIN

Exhibit E-15
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The tentative unit hydfograph is calculated with both results of fore-

going calculations and equation (E-19)}, and shown in Table E-7,

Ky = =+ 1 = 2x4.33+1 =966
k, = 2£ 1 - 7.6

Table E-7 - Calculation of Tentative Unit Hydrograph

. - ., Modified Ten-
T:1+7:2 7.66ql ’1:1+'i:2+7.66ql o) ?’1+‘L2+7'66QI tative Unit

f .
] ' 9.66 ‘Hydrograph
0 0 0 0 0 0 0

1 0.24 0.24 0 0.24 0.02 0.05

2 0.50 0.74  0.15 0.89 0.09 0.15

3 0.65 1.15  0.68 1.83 0.19 0.31

4 0.70  1.35  1.46 2,81 0.29 0.48

5 0.76  1.46 2.22 3.68 0.38 0.58

6 0.64  1.40 - 2.91 4.31 0.45 0.65

7 . 0.43 1.07 . 3.47 4,52 0.47 0.68

8 0.28 0.71  3.60 4.31 0.45 0.62

9  0.32°  0.60  3.45 4.05 0.42 0.51
10 0.26 0.58  3.22 3.80 0.39 0.40
11 0 0.26  2.99 3.25 0.34 0.34
12 2,60 2.60 0.27 0.25
13 2.07 2.07 0.22 0.17
14 1.69 1.69 0.17 0.09
15 1.30 1.30 0.13 0
16 '
17

The estimated unit runoff g, is shown on Exhibit BE-16 after modified by
the actual runoff V and:time base Th=15(hr). The actual runoff is

E - 20



obtained as follows,

V = A(km?) x unit rainfall (1 mm)

Exhibit E-16
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Modification on Tentative Hydrograph

The tentative hydrograph is calculated in a manner that the initial

loss of rainfall Ri is obtained with the initial discharge §¢ measured at

the Pure River gaging Station on the floods No.2 - No.6 respectivély.

The relation between. the peék dischérge Pp and the corresponding observed

piak dischafge Qp.ié as shown on Exhibit E-17.

- 100 Exhibit E-17
- L
50 e
u el
@ :
-.?.1 40 ] ] /
- T /,26//’
B30 -
At /”1’ Qu=0.01p9Pp ! 1938
20
pd
10y 7 3 4.5 10 20 30 40 50 60
B Qp.-m3/sec_

RUNOFF COEFFICIENT FOR
PEAK DISCHARGES -
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No. Pp &p v

1 - - -

2 25.94 8.83 0.340
320,22 5,72 0.283
4 43.45  16.84 0.388
5  33.56 14,63 0.436
6  33.75  15.57 0.595

The value in the equation (E-22) will be written as gp=0.0169pp!-938,

The tentative hydrograph is modified by applying the above equation to the
discharge rising portion and fp = 0.0169Pp!+?38 in the peak discharge Pp
to the recession portion, Exhibit E-10 shows the relation of hydrographs
between on the basié_of computation and actual observation for No.2, No.5

and No.© funoff, and hence their curves nearly fall on each other.

Unit Hydrdgfaph for the Navet River Watershed

- The unit hydrograph for the Navet River watershed shall be made

from the varibus values -obtained in the analyses on the Pure River.

Concentrated Area Diagram
Téble E-8 and'ﬁxhibit E-19 can be obtained from the concentrated area
diagram from Exhibit E-18 in the ramification of the total area with every

2 kilometer zone.

B ~22



Exhibit §-18

Navet Dam

Basin "G"

PIVIDING BASIN M“F"
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Exhibit E-]19
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Table E-8 ‘Calculati'dn of Concentration Area Diagram
Zorie Path line length Area Width
No. - Range Mean . dAB  (km?) dA (km)
- (dL=2km) Length (km) T
1 0 - 2 1 2.2 1.1
. 2- 4 3 1.4 0.7
3 4 -6 5 3.1 1.6
4 6 - 8 7 5.4 2.7
5 8 - 10 9 9.4 4.7
6 10 - 12 - 11 15.1 7.5
7 12 - 14 13 26.7 13.4
8 14 - 16 15 22.8 11.4
9 16 - 18 17 20.4 10.2
0 18-20 19 16.4 8.2
11 20 - 22 21 8.5 4.2
12 22 - 24 .23 15.1 7.5
13 24 - 26 25, 13.1 6.6
14 26 - 28 27 10.3 5.1

B - .24



The results of computation on the tentative concentrated quantity
i" and the tentative hydrograph curve are shown in Table E-9 and Exhibit
£-20 respectively.

Table E-9 Calculation of Tentative Concehtration Volume 77"

L oreetr0? o003 asa dA/df”Eég%;--%%- 2120, 2337d4,/dT"
km hr km kmZ/hr m?/sec
0 0
2 .9 1.76 1.1 0.65 0.18
4 7.9 2.17 0.7 0.51 0.14
6 105 2.45 - 1.6 1,27 0.35
g 12.9 2.67 2.7 2.40 0.67

10 15.0 2,85 4.7 4.46 1.24

12 17.1 3.01 7.5 7.57 2.10

14 19.0 3.15 13.4 14.05 4.90

16 20.9 3.29  11.4 12.53 3.48

18 22,7 3,40 10.2 11.61 3.23

20 24.4 3.51 8.2 9.58 2.66

22 26.1 3.61 a.2 5.10 1.42

24 27.8 3.70 7.5 9.30 2.58

% 29,3 3,79 6.6 8.27 2.30

28 30.9 3,89 5.1 6.66 1.85

0 2).3 2.95 0 0 0

On computation of the above values, the constant has been fixed as -
o= 2.5-hr/km°'7,_and for the computation of the tentative unit hydrograph
curve, X,=9.66, X2=7:66 has been determined on the basis of the values of

the Pure River.

T e e gy e A W A e e S M A P o o S e A A e e R e e

The.éctual peak discharge @p is calculated on the basis that the
observation data of runoff index, fp=gp/Fp for No.l to No.6t at the Pure

River Gauging Station shall be fixed and proportioned to watershed area,

E - 25



Discharge i’ (m7/sec)

and the result of the computation is shown on Exhibit E-21

Gp = &p' x o
Pp = @p/fp

Where gp is the actual peak discharge on the Pure River, and « is

] ) . )
the ratio of the watershed, that is, 170,2 km

19.2 knm? ~ 050
4.0 ' | Exhibit E-20
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Therefore, the modification of the rising portion of the modified
rainfall 'di..agfam shall be made with the value @p=0.0021Pp!-9%! and modi-
fication of the valué’after peak discharge shall be made with
fp=0.0021Pp1- 941, | |

Hydrograph in Each Watershed

The.unit hydrograph 5hé1l be applied to the schematic rainfall
pattern aszéhown oﬁ Exhibit E-3, in order to compose the modified rainfall
diagram, and then‘the index of the runoff rate shall be multiplied by the
foregoing unit-hydfograph to make the hydrograph for each watershed.

In the case that the unit hydrograph shall be applied to each water-
shed divided into the parts shown on Exhibit E-4, the folloiwng procedure

shall be taken.

E-27



wﬁgrﬁph in Watershed "'A”, an, ne DM MEN apd nen

Each hydrdgraph for the captioned watershed can be obtained from the
procedure that the unit hydrogfaph of the Pure River is to be applied to
the schematic rainfall pattern to compose a hydrograph, and after that
the hydrograph shall be multiplied by the area ratio for the Pure River
Watershed and each watershed,

Hydrograph in Watershed "E"

For the captioned watershed, the unit_hydrograph of the Navet River
watershed shall be appliéd and the result of the said computation is shown
in Table E-10. 1In this computation, the rainfall loss and base flow shall
be neglected becéuée of their setoff each other,

Each hydrograph for the watershed '"A"-"G" is shown on Exhibit E-22.

Hydrograph 'in Irrigable Area after Development

In the irriéable area, the paddy fields shall be developed in the wet
season. Except'fhe loss in évaporation and seepage, most of rainfall to
the paddy fields éhallnbe'drained through the notches on the fields to the

lateral drainage canals.

The dfainﬁge canals in the project area are to be provided with the
reasonable dfainagefcapacity'for their ifrigable areas. The drainage capa-
city of the canais, therefore, will regulate the outflow from the paddy
fields, in case of the increment of the overflow at the notches in the con-

siderable inundation on the paddy fields.

When_the'hydrbgraph'shall be plotted for the outflow of the irrigable
area, it isﬂrequired that the iag phenomenon from regulation of the out-

flow of the water by the capacity of canals and notches is considered.

The develupment of the hydrograph for the irrigable area shall be
based on the'sténdard pdddy fields blocks shown on Exhibit E-23.



Exhibit E-24
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pischarge Capacity from Notches

Discharge capacity of the notches on the ridges in the Ffields shall
be estimated at h=200m (h represents overflow water depth) and Yo=3mm/hr.

The calculation is shown as follows.

R =axb xvyy/3,600=2805x 121 x 0.003/3,600 = 0.08 m3/sec,

Adn from the equation Q:cyh3/2’

Q 0.08
Ch377 = T.7x0.03%/2 = 16.6m

.Bz

Where ¢ is 1.7 as discharge coefficient, and B is total length of the

notches in meter.

g = 1.7 x 16.6 x #¥ 2(m3/sec)

28.22h3/2 pi/sec,
1,043423/2  (mm/hr)

The unit of the above k shall be meter.

Discharge Capacity from Lateral Canal

Discharge capacity of lateral canal is yg=4mm/hr in consideration of
an allowance for capacity of field notches.

0.004

- 2
7,600 0.11 m%/sec

Discharge = 805 x 121 x

Provided that this discharge is conducted down at the water level
near the ievel of the bottom field notches, the cross-section of the
lateral canals is designed as shown on Exhibit E-24. The discharge in
consideration of thé roughness coefficient on the canals is estimated by

the Mannlng s Formula as follows.

g = —%—-32/3 smﬁ)‘l/2

0.03 | 000
0.4174R2/3 [m3/sec) = 14.142/3  (mm/hr)

-

y 2 nI/sec

Where n is the coefficient of roughness n=0.03, slope of water surface
is considered as nearly sin o= I=1/5,000 = constant, and unit of 4 is in

m? and R is meter,

E = 31



gutflow Hydrograph in Irrigable Area after Development

When the above-mentioned hydrograph shall be made by the graphical
solution, the water balance between the rainfall as input to the paddy
fields and the discharge as output from notches or lateral canals is
considered to be stored in the fieids.
[-25.

The resuylt is shown on Exhibit

B =~ 32
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Table E-10  Calculation of Tentative Unit Hydrograph

R L S

S
. i q; = Modified
: 1+ i Ly + 1, Tentative
t i 11+ 1 7.66q, + 7.66q; .E_"%_%%_-_@f}gl Uni t
- ’ _ Hydrograph
§ 0 0 0 0 0 0 0
1 0.03 0.03 0 0.03 0.00 0.0
iy 0.07 - 0.10 0 0.10 0.01 0.01
33 0.10 0.17 0.08 0.25 0.03 0.03
3 4 0.14 0.24 0.23 0.47 0.05 0.06
35 0.17 0.31 0.38 0.69 0.07 0.08
30 0.16 0.33 0.54 0.87 0.09 0.10
i 7 0.15 0.31 0.69 1.00 0.10 0.11
! g 0.16 0.31 0,77 1.08 0.11 0.12
59 0.23 0.39 0.84 1,23 0.13 0.14
510 0.31 0.54 1.00 1.54 0.16 0.18
71l 0.42 0.73 1.23 1.96 0.20 0.22
12 0.55 0.97 1.53 2.50 0.26 0.29
13 0.70 1,25 1,99 3.24 0,34 0.37
14 0.96 1.66 2.60 4,26 0.44 0.48
215 1.24 2,20 3.37 5.57 0.58 0.64
% 16 1.64 2.88 4.44 7.32 0.76 0.84
17 2.05 3.69 - 5.82 9.51 0.98 1.08
18 2.97 5.02 7.51 12.53 1.30 1.43
19 3.90 6.87 9.96 16.83 1.74 1.91
20 3.68 7.58 13.33 20.91 2.16 2.38
21 - 3.45 7.13 16.55 23,68 2.45 2.70
22 © 3,32 “6.77 18.77 25.54 2.64 2.90
23 312 6.44 20,22 26.66 2.76 3.04
24 2.82 5.94 21.14 27.08 2.80 3.08
125 2.30 5.12 21.44 26.56 2.75 3.03
26 1.52 3,82 21.07 24.89 2.58 2.84
27 2.07 3.59 19.76 23.35 2.42 2.66
28 2.51 - 4.58 18.54 23.12 2.39 2,63
29 2.18 4.69 18.31 23.00 2.38 2.62
50 1.98  4.16 18.23 22.39 2.32 2,55
31 © 1,70 © 3.88 17.77 21.65 2.24 2.46
32 0.50 2.20 . 17.16 19.36 2.00 2,20
33 0 - 0.50 15.32 15.82 1.64 1.80
34 0 12.56 1.35 1.49
35 0 10.34 1.07 1.18
36 0 8.20 0.85 0.94
37 0 6.51 0.67 0.74
38 0 5.13 0.53 0.58
39 0.42 0.46
40 0.33 0.36
41 0.26 0.29
42 0.21 0.23
43 0.17 0.19
44 0.13 0.14
45 0.10 0
—————
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Exhibit E-3

Schematic Rainfall Pattern

Unit: mm
x40 1948.,1.22 ~ 04
254 -
A /4.9
A J\T,.
/04
85 25 94
74 L 7!

20 24 4 8 12 16 20 24 4 8 12 16 20 24

“Time in hour
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Appendix F

Drainage Layout

. General

In the present development project, the irrigation and dralnage are
correlafed in their functions, and the Nariva Swamp closely relating to
the drainage scheme includes 6,200 acres of the lands at lower elevation
than the mean sea level, 98.1 feet (T.G.R.) of Cocos Bay facing the Atlantic
gcean. This lower area shall not be developed as the agricultural lands
due to impossibility of the gravity drainage by peat zones developing in
the areé; but shall be utilized as the regulating reservoir of the excess
vater from the project area and its watershed in order to drain off to

Cocos Bay.

The drainage scheme includes two aspects; the one is to drain excess
water in the irrigable area and the adjacent watershed, and the other teo
drain off the” water in the regulatlng reservoir to Cocos Bay by the gravity
method in utilization of the tide. The runoff from nearly 86 percent of
the watershed shall be stored in the Cocal Reservoir for the irrigation

water of the irrigable area in the dry season.

Criteria of Drainage Layout

It is an important problem to determine the objective flood for the
drainage scheme. 3Genefa11y, the selectibn of this objective flood shall
be made synthetically in consideration of seriousty of flood, security of
drainage sygfems and other iﬁtagible factors. The seriousty of flood in
this caseﬂtan‘be'represented by the damage potential, and security by the
yearly éxdess probability. And intﬁngible factors include security of
people's 11fe and stablllty of publlc sentiment. The present irrigable
area shall be newly exp101ted and its objective area ratio to the watershed

is comparatlvely small by 4 to 6. From this view point, the criteria for



the drainage scheme shall be taken in the same manner with 10 year rainfall

pﬂmability as the small scale reclamation criteria in Japan,

Foundamentally, the drainage scheme in the agricultural lands has
peen made in a way that some inundation is obligated to remain in the jrri-

gable area, and this comes from mainly economical reason.

As for inundation damage to the paddy, its growth stage, inundation
depth and water quality:have various influence to the paddy plant. General-
ly, however, two or three days inundation is harmless to the paddy plants,
excepting paddy growth period as following; (1) immediately after transplan-
tation, (2) early tillering stage, (3) maturing stage.

Allowable inundation depth and duration to the paddy plants in the
flood are shown as follows, inciting the Japanese instances; one or two
days inundation with water depth under one foot is allowable to the paddy
plants in paddling stage and young head-forming stage, and two or three
days with water-dépth under two feet is allowable in head-sprouting stage,
flood water during the paddy cultivation in the wet season. Consequently,
in consideration of fhe fact in.Japan, the criteria of the drainage scheme
shall be decided on the allowable limi tation to the paddy plants, that the
maximum allowable inundation depth is one foot from the lowest fields sur-

face and the inundation duration is for three days in maximum,

The schematized rainfall in the drainage program shall be taken at

three successive days in 10 year probability,

mminage sttem-

The.drainage system is roughly divided into three; the one is drainage
of the surface flow from the watershed adjacent to the irrigable area,
another is drainagé of water in the irrigable area and the other is drain-
age of-these.ﬁater to Cocos Bay. The each drainage area and the schematized

drainage system shall be shown in Table F-1.

F~2
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brainage Systems of Each Watershed

The drainage system from the watersheds shall be ramified into
divisions A, B and C and other watersheds from D to G, in consideration

of the present land use, river route conditions. {Refer to exhibit D-1).

fA) Watershed

The d1v1510n (a) of the watersheds occupies about 1.3 percent of the
total watersheds in the long rectangular. There are no rivers and creeks
in this watershed. The flood in the watershed shall be drained off to
Cocos Bay on the Atlantic Ocean after being caught by L'Ebranche Cut,
which shall conduct the water to L'Ebranche River Mouth from the barrage

at the north end of the Nariva Regulating Reservoir,

{(B) and (C) Watersheds

The watershed &ivisions (B) and (C) account for 13 percent of the
total watersheds and the arcas at the foot of the Central Range are rather
weli-develgpgd'for thé_villagés.and Plantations. The rivers in the water-
sheds show considérably clear and regular route shapes Floods to these
divisions shall be cut off by an intercepting drain, the Turure Cut, run-
ning along the border line of the estate at about 110 foot elevation
(T.G.R.) and drained off to Cocos Bay through L'Ebranche Cut and the river

mouth after being conducted to the Nariva Regulating Reservoir.

(D) - (G) Watersheds

---.__..__.--._.........-—__.._

These watersheds consist of areas of 86 percent of the total water-
sheds and mostly are covered with unexploited woods. The river routes in
the watérsheds preseﬁt unclear and ifregular shapes and their discharge
Capac1tles are 1nsuff1C1ent to drain floods., Especially, around the areas
at elevation 110 feet (T.G.R.), transitional portion from the hilly lands
to the_swamp areas, rivers show only their traces and the floods come
ctovering the wide areas?_'The.floods to the watersehds shall be stored in

the Cocal Résérﬁoir surrounding by the low banks, the crests of which are



to be used as the main road in the project area. Then, the water shall
pe conducted to the Nariva Regulating Reservoir through the Cocal Cut at
the point of Bush Bﬁsh,_to flow down to Cocos Bay from L'Ebranche River
after being regulated by the barrages,

prainage Syétem of Area to be irrigated

Rainfall in the irrigable area will be conducted to the Nariva Regu-
lating Réservoir.through drainage systems after storing for a while in
the fields by the drainage control notches on the ridges, and then will
flow down to Cocos Bay through L'Ebranche River after being regulated by

the barrage.

Drainage into Cocos Bay

Excess water from fhe watersheds and the irrigable area shall be
drained off to Cocos Bay through L'Ebranche River, which is at the northern
edge of_the project area and which isiflowing into from other watersheds
adjacent to the project area. This system shall be taken from considera-
tion of thé base-flow for the protection of the river mouth. The cross-
section of L'Ebranche River Mouth will be enlarged in its width by the con-

fhwnt of the dlscharge from the prOJect area.

Comp051t10n of Hydrograph

A hydrograph on each river basin shall be composed from the hydro-
graphs. of ‘each watershed and irrigable area which are obtained in the sec-

tion "Runoff Analysis" (Appendix E).

ﬂxdrograph for Cocal Reservoir

derographs for divisions of watersheds (D) - (G) of which all rivers
are running into the Cocal ReserVoir, shall be composed and shown on
Exhibit F'l (Refer to Exhlblt E-22). In this case, the peak inflow to

the reserv01r will be 4,443.2 cubic feet per second or 267.4 cubic meter

per second,



Hydrograph in Cocal Cut .

The hydrograph shows that inflow to the Cocal Reservoir shail be
accomodated for flood control by draining surcharge from the spillway
gates (N. The surcharge of a designed discharge is to be drained, by
gravity, by letting it flow down over the tops of gates), and that thus,
peak discharge shall be cut off and conducted to the Nariva Regulating
Reservoir through the Cocal Cut.

The inflow for a certain period in a reservoir is equal to the sum
of the outflow at an outlet of the reservoir for same period and change
of the stored water. In tﬁis situation, continuity condition flood con-

trol action by the reservoir is expressed by the following formula.
(_EJ_%_lﬁgAt = (;QL;%~92.) t + As

Where I, and I, are inflows at the begining and the end of the unit
time,'Q1 and Q, are outflow at the begining and the end of the unit time,

and 5, and §, are stored water at the begining and the end of the unit time.

Theré are various decisive methods of the above formula, and now
the Kubo!s:Méthod, schematized method widely used in Japan, shall be taken
herein. '

Thé size of the cross-section of the spillways gives influence to
the peak outflow from the Cocal Reservoir and the water level of the re-
s€rvoir, and their_rélation based on Kubo's Method, schematized method,
shall be shown on Exhibit F-2. In the assumption that the highest water
level in the reservoir is fixed at 121.4 feet (T,G.R,) in consideration of
influence by_inﬁndation to the windbelts and private estates around there,
the overflow width of the spillvays will be fixed at 150 feet and the peak
outflow from the .reservoir 3,531,5 cubic feet per second or 11 cubic meter
Per-secbnd.‘ Since the Cocai Cut shall be used as the spillways from the
reservoir, the-size Df.the hross—séction of the spillways shall be deter-

mined by the designed discharge of the spillways.

F-6
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lgdrogragh in Nariva Regulating Reservoir

The ‘inflow to the Nariva Regulating Reservoir comes down from the
cocal Cut, the project'area and watershed divisions B and C, and a synthe-
sized hydrograph'of their hydrographs shall be shown on Exhibit F-3. Peak
inflow to the Nariva Regulating Reservoir can be found as 6,847.5 cubic

feet per second or 193.9 cubic meter per second.

Layout of Barrage Section

The opening width of the barrage shall be determined to suffice the
designed drainage criterion by the combination of the application of the

hydrograph of the Nariva Regulating Reservoir with tidal conditions outside

the barrage.

Tidal Curve

Tidal conditions outside the barrage in Cocos Bay is shown in Table
F-2. The mean tidal curve is usually adopted as a tidal curve outside the
barrage .. Héréin,;the'highESt mean spring tide of elevation nearly
99.5 feet énd the lowest mean neap:tide'of elevation 96,7 feet shall
be_addpted'for the data of the tidal curve at the Nariva Estuary, and the
tidal'cUrvéIOutsi&é the-barfage is shewn on Exhibit F-3, by using a sine

curve of which the cycle is 12 hours, as a tidal curve outside the barrage.

Barrage Width

The higﬁest point- of the'tidal curve on Exhibit F-3 shall be syn-
thesized with the peak flood discharge to obtain the open width of the
barrage at 50 feet, and the ‘result is shown on same Exhibit F-3. Exhibit
F-3 clarifies that the 1nundat10n duration is about 33 hours and the maximum
1nundat10n depth 15 0.6 feet. These Tigures fall on those in the criteria
of the dralnage scheme explalned before.

Inundatlon 1nf1uence to rice plants under these cond1t10ns varies
with growing stage’ of the rice plants, but iittle harmful influence can
be assumed empirically.i Maize and Soybean will not be affected harmfully
by the inundéfion if they are cultivated at some high land in the project

area,



Finally, the barrage opening width shall be decided at 50 feet.
Furthermore, the base level of the barrages shall be 88 feet (T.G.R) in
considerétion of the vegetation conditons for mangroves and river bed
elevation of L'Ebranche'River. In this case, the peak outflow from the
barrages will Be 9,181.8 cubic feet per second or 260 cubic meter per

second,

Layout of L'Ebranche Cut

Size of L'Ebranche Cut is decided depending on the hydrograph of
L'tbranche River and the inundation water level in the Nariva Regulating

Reservoir and the tidal level.

Hydrograph in L'Ebranche River

A hydfograph.of L'Ebnrache River is obtained by multiplying the
values in the discharge hydrograph of the Pure River by a watershed ratio,
and shown on Exhibit F-4. Peak discharge of the said river can be estimated

therefrom as 2,270.7 éubic_feet per second or 64,3 cubic meter per second.

lydrograph in L'Ebranche .Cut
A hydrogf?ph of L'Ebranche cut is plotted by synthisizing the dis-
charge hydrograph of the watershed division A, and that of L'Ebranche River
and of the barrage, and it is. shown dn_Exhibit F-4. The peak discharge
of 1,'Ebranche Cut can be estimated therefrom as 9,782.2 cubic feet per second.

Section of L'Ebranche Cut |

Drainége cépacity of L'Ebranche Cut is related to the time intensity
of the dischdrgé;.to,thé water level in the Nariva Regulating Reservoir
and to theichangé of the tidal level outside the barrage. The Canal
width of L'Ebraﬁche Cut at tﬁe.peak tide of Cocos Bay is obtained from Ex-
hibit F~3;fand-F-4; ahd-shown in Table F-4.



Table_F-S Width of L'Ebranch Cut

Tidal Level ‘Drainage Differancel/ Water Water- Canal
outside gauntity of Water Depth surface= width of
Barrage against tidal Level Slope L'Ebranche
Level Cut
feet ftd/sec feet feet feet
EL 86.7 : 095.40 2,72 8.7 1/2,530 280
96.9 - 97.80 2.61 8.9 1/2,640 280
97.4 97.40 2.16 9.4 1/3,190 280
98.1 - 81.70 1.49 10.1 1/4,630 250
98.8 76.20 . 0.74 10.8 1/8,900 290

The necessary'canal width of L'Ebranche Cut may be determined as

290 feet from the above Table F- 4 The base level of the canal shall be

determlned as B8 feet (T, G R.) in consideration on the vegetation condition

of mangroves, the present river bed level of L'Ebranche River.

vetment shall be executed with sheet piles on both banks.

hibit F-5)

The results of synth851s of hydrographs for each

The Te-

{Refer to Ex-

each constructlon site are presented on bloc in Table F-5.

the tidal level outside the barrage

2/ The water ‘level differences divided by dlstances between th

and L'Ebranche River Mouth.

watershed and for

1/ leferenCe between the hydrographed outflow level of the barrage and

e barrage
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Appendix G
Estuary Works

Coastal and Estuary Condition

_The island of Trinidad is situated at Longitude 61° - 62° West and
latitude 10° - 11° North, and at the southern tip of where the Atlantic
0cean and the Caribbean Sea are bounded, and the west coast faces Venezuela
having Gulf of Paria in between. Therefore, the waves surrounding this is-
tand could be classified into three large categories, that is, the Gulf of
paria, the Atlantic Ocean, and the Caribbean Sea. The wave generated in
Gulf of Paria may be calculated from the wind and the marine topography,
whether deep or shallow. For the waves at north, east and south coast, it
would be-advisablé to base on the off-shore which has a less irregularity
by location considering the length of the coast. And from this off-shore
wave, the wave at the proposed construction site of the shore will be

calculated by considering the particularity of the lecation.

The waves discussed hereinafter are statistically analyzed based on
the following reference material "Ocean Wave Statistics" Y and 'Hindcast
Wave statistics for Atlantic Coast of Trinidad and Tobago”g[ As an inter-
mediate case, the outline of the wave at the east coast will be discussed.
The observation years of the reference data are nine years and two years
re;pectiVely,-and by putting the variation of the coastal phenomena into

account, the design wave will indicate that of a ten year probability.

Table G-1 Design wave of the off shore wave
' ' (10-year probability)

Significant Wave Height: 6.5 m (22 feet)
Significant Wave Period: 16 - 20 Sac.
Significant Wave Direction: NE - E

1/ National PhYsical Laboratory, Ocean Wave Statistics, London: Her
Majesty's Stationery Office, 1967.

2/ C.AW. Deane, Hindcast Wave Statistics for Atlantic Coast of Trinidad
and Tobago, Port of Spain: University of the West Indies, 1960.
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As the off-shore wave to find out the coastal drift sand and the

characteristics of the beach over a long period, the following wave should

be referred ta , as it carries the most abundant amount of wave energy:

(Wave rcpresented by maximum (fH2T), £ Frequency of recurrence.
height. T: Periodic time)

H: Wave

Table G-2 Maximum Energy Wave
(Of £-shore Wave)

Significant Wave Height: 2.0 m (7 feet)
Significant Wave Period: 6.5 sec
Significant Wave Direction: NE

[n case when the construction site is within the wave breaker zone,
the greatest wave that may occur in this site will be determined by the
vater depth and the periodicity of the wave. Therefore, the periodic wave
which has the gréatest height among the periodicity of the off-shore wave
may be used as the design wave. This may be obtained from the calculation
by applying the Breaker Index by the United States of America Beach Erosion
Bozlrdy, and the research data of Tversen? and Nakanura™ .

According to the isolated wave theory, the wave height (breaker)
th that may occur in water depth h may be represented by Hb = ¢.78 h, re-
gardless of the periodicity. For the gradient of the sea bed greater than
U30,thé'Breaker Index may be used, and for those of lenient slope the
result of Nakamura's étudy could be applied. These are shown on Exhibit
-3, G-4 dnd G-5.

The direction of fhe wave at the construction spot must be cobtained
by drawing refraction map by using the direction of the off-shore wave

and the periodicity-

I M, A, Mason, "The Transformation of Waves in Shallow Water", (Paper
read at l1st Conference on Coastal Engineering, 1951)

A H.W, Iveréen, "Waves and Breakers in Shoaling Water", (Paper read
at st Conference on Coastal Engineering, 1951).

5 M, Nakamura and H. Shiraishi, 'Wave Decaying due to Breaking," {(Paper
read at 10th conference on Coastal Engineering, 1966).
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THE FLOW AT THE COAST

As to the OCean current, a strong Gulg current flows toward North-
yest in the off-shore of the North and East coast.

The general flow conditions are as given in Table 3.

.Table G-3. Gulf current in the off-shore of Trinidad

Month Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

North Coast 0.8 1.1 1.0 2.0 1.2 1.2 1.1 1.0 1.2 1.1 1.0 1.2
WNW  WNW  WNW Nw W WNW NW W W W W WNW

Fast Coast 1. 1.2 1,0 2.0 1.5 1.2 1.0 1.1 1.2 1.1 1.0 1.5
NW  NW NWN N NW NW N NW NW NW  NWN NN

However, the most important current data for the shore construction
is on the'nearshOre current. This current is affected by the incident
direction of the wave.

As Cocos.Bay and Mayaro Bay in the east coast, violent breaker zone
is formulafed‘along the shore line as the beach is shallow to a great dis-
tance ffom the.shore (Shoaliﬁg beach). From the aerial observation made
at the béginning of our survey, we have found almost no longshore (littoral)
current to be noteworthy and we merely observed rip current an an interval
of 500 - 600 meter (appreximately 1/3 mile). However, assuming from the
distribution of wave direction, it is considered that there exists a long-

shore current moving south.

SEA LEVEL

Tidal information for Port of Spain, Gaspar Grande, Point Lisas,
Point Fortin, Bonasse Pier, Herine Bay, Guayaguayare Bay, the Nariva River,
and Las Cuevés.Bay are given in the Tide Table.
G-4 ﬁrovides the“analytical result of the survey records at the Nariva

estuary, 1n 1967 and 1968 /

——

Y "River Stage Hydrographs of Nariva River", Government of Trinidad and
Tobago, 1969.
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Table G-4  Tidal information on Nariva Estuary
(Cocos Bay)

Position: Lat. 10°24' N Long 61°02' W

Average Heights (ft) Nariva River
L D.L. (ft) T.G.R. (ft) Mouth
Description - - e
vescription (By Tide Table) {By Government
of T.§.T.)
Mean higher high water 4,4 100.3 100.0
(Heights at spring near
the solstices)
Mean ghigher high water 3.9 99.8 99.5
Mean lower high water 3.5 99,4 99.1
Mean sea level _ 2.5 98.4 98,1
Mean higher low water 1.6 97.5 97.2
Mean lower low water 1.1 97.0 96.7
Mean lower low water 0.5 96.4 96.1

(Heights at spring near
the solstices)

Seasonal changes in meén level (ft)

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
0.0 -0.1 -0.2 -0.2 -0.2 -0.2 -0.1 © +0.2  +0.3 +0.3 +0.2

At this stagé, the faét that an attention has to be paid is the
sea level at shore rise by the shoreward current created by the wave where
there is an exfremé breaker zone, such as in Cocos Bay and Mayaro Bay. ‘he
result pertaining'fo.the phenomena is insufficient, but, according to

Nakamura's studylj , the following équatibn may be introduced.

oo S W
Wb - '._'FH 3 gT*

1/ M. Nakamura and M. Shiraishi, "Hydraulic Charter of Breaker', (Procla-
mated at-15th Conference on Castal Engineering in Japan.)
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Where n : Increased level of the sea

Hb, hb  : Height of the broken wave
Depth of the broken wave
g ¢ Gravity Acceleration
T : Periodicity of the wave
DRIFT SAND

The bed materials of the coast is fine sand. Thereby, the gradisnt
of the sea bottom near the shore has a gentle slope of approximately 1/40 -
1/70. Case being as such, there is a great movement of driftsand toward
off-shore, and there is a tendency to form an equilibrium gradient by
carrying the sand towards off-shore or near-shore depending upon the
deformation of the wave. The drift sand towards the shore is judged
by the incident direction of the wave. Judging from the wave as indicated
in Table G-2, the sand drifting south in the east coast is rather pre-
dominating. Cocos Bay and :Mayaro Bay Form an extremely gentle beach slope,
but yet, the beach erosion is still adwancing gradually.

Now, it is considered that a construction to prevent the breaking
height of the wave is the simplest and most adequate way, and this structure
should be of a permeable material, so that the striking wave will be absorbed

when in contact.

Discharge characteristic of Nariva Estuary

Discharge observation

"E‘he"rivér CTOSs éection at the Bailey Brj:dge is as illustrated on
Exhibit G-8, and on . Exhibif G-9 the result of the discharge observation.
According to Exhibit G'9 it seems that there is a base flow of about
9 w'/sec (320 cusec:} but thls is considered to be on account of an in-
fluence by the diurnal inequality. The diurnal inequality at observation

dates are given in Table G-5.



Table G-5 Observed Sea Level

4th April H.W. 3.6 fet
L.W, 1.1

5th April H.W. 3.9
L.W. 0.4 Observation Period
H.W. 3.4

pischarge analysis for Nariva Swamp by mathematical model

The following method is a simplified method for analysis, but the
discharge at the Nariva estuary by the tide will be calculated by this
method.

(1) Assume that the variation of the sea level and water level
in the swamp may be represented py sine curve,

(2) The variation of the water level will be represented by a
typical peoint in the controlled water surface.

(3) Nariva swamp will be divided into tidal water surface as
illustrated on Exhibit 10, by the aero-photograph, the
contour of the topographical map, and the distribution of

the mangrove.

Note: The lands where there is a dense growth of mangroves, the

ground is found within three feet below the high and low tide
Clevel,

4 Thé discharge coefficient C for inflow and outflow water to
and from the divided water surfaces, are corrected by the
observation data previously given under paragraph 5-(a),

~as a friction loss of the channel. Table G-6. illustrates

the Mathematical Model of Mariva Swamp.

Exhibit G-10
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Table G-6 The Values for the Mathematical
TModel of Nariva Quwamp

pivision Length of Control Flow area

the river. area of the g;z;2fz§znt :

W (2 T W) (@IS
T 1300 m 15,91 x 10%m?2 40 m? 0,13 0.6
) 1200 3.76 90 0.17 0.6
3 1300 6.80 200 0.20 0.6
4 220 6.89 210 0.16 0.6
; - 6.46 20 0.42 0.6

Note: h: water depth
g: gravity acceleration
7n: Roughness coefficient

a: Correction factor derived from field
observation

From the premise of previously stated (i) - (3), the oscillation of
the typical_point.of the divided'area (€') and the quantity of water inflow-
ing and outfiowing to and from the divided area g, may be obtained from the
foliowing fdrmula,'when_the oscillation for the water level fluctuation of

the water outside of the divided area is g,

' = K[{1+23%12 -1 2
x - g_(ATngz )2
‘/:—2' 8
oo rdy o, _ s

B = ENCE)N 0.76 , 7 -
. q T T g
qQ = %—Sin.é %ﬂ-(t + 83, § = a5 Cos. ;

Wﬁere: - Ty Tide cycle 5': Mean discharge per hour

into divided area.

r(): Gamma Function
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By applying the above formulae to the water surface (area) 1-4 re-

peatedly, the tidal range of the open sea and the oscillation and discharge
of each divided area may be obtained.

Exhibit G-11 illustrates the relationship between tie peak flow (dis-
charge) at the Nariva (Mita) bridge and the river mouth, and the tidatl

range of the open sea. The corresponding calculated value at thc observation

period has been plotted on Exhibit G-9.

The sand moved by tractive force may be calculated by using Exhibit
6-11. To judge from Exhibit G-11 as to whether the Tiver mouth could be
kept open, it is considered that the river mouth could surely be maintained
by the tidal flow. This fact is very important and it is the basic require-

ment for the phase development plan of the Nariva swamp project.

The conc;luSions obtained from the studies on the features of the

coast and the Nariva Esturary are shown as followings.

l. The coast line of Coéos Bay has a violent wave breaker zone, and the
movement of the sand is extremely great. It bears scouring tendency, but
a5 a whole it may be con51dered to be stabilized. In ’order to maintain

the river mouth as such by preventing the drift of sand at a certain spot
of the coast line, it would be necessary to have a constant flow to flush

the sand, or-to construct a large training jetty.

z. During the dry season, the present status of the estuary is maintained
by the tidal discharge which is given under Exhibit G-11. Furthermore,

40 to 50 years ago, the water of the Nariva Swamp was drained through the
Nariva and Doubloon Riv_e.r_-,' but at present. the Doubloon River is completely
tlosed by sedimentation and merely leaves a trace of the water level to
identify that-'there.was once a river in the area. Therefore, it may be con-
sidered thét this fact substantiates the discharge characteristics of the

Nariva area, that is, two estuaries are difficult to be maintained.

G - 11



Estuary Works
Base Flow

The lower Nariva Swamp area has an elevation about 98,5 feet {T.G.R.)
and is lower than the high tidal level. Consequently, the construction of
parrage is indispensable in shutting out the high tide to nrotect the
ared. Since the high tide is shut out with the barrage, the estuary shall
be necessarily maintained without the same high tide as at present is seen,
but only with base flow. The discharge possibility in the dry season shall
be studied on the further discharge analysis and water utiiization scheme
but it has to be assumed that the estuary will be kept without discharge

for 4 long time in the dry Season.

Estuary Location

To make a scheme for maintenance of the Nariva Estuary apart from
the above mentioned conditions, it is required that a training jetty is con-
structed with the necessary river cross-section for maintenance of the
estuary capable of draining the flood water in the assumption of the absence
of discharge in the rainy season. The construction is theoretically ex-
pected to be made at the northern tip of Cocos Bay in consideration of the
prevailing direction of the drift sand and the training jetty on the left
{facing the downsfream) shall be constructed long enough and the right
bank shall be not so Iong as the left one, to protect the estuary from waves
and drift saﬁd being carried there.

In meeting these requiremeﬁts, however fortunately, there is a natural
training jetty prbjecting'out into the sea at the northern tip of Cocos
Bay, where L'Ebranche Estuary”opens under the protection of the banks.
L'Ebranche River has an independent basine, so that the estuary of the river
s to be maintained regérdless of whether or not the Nariva Swamp Develop-
ment is éccdmplished. If the estuary of the river is used for both of
iJEbranche River and ihe project area drainage, it is enough utilizable
only with a‘éertain consideration of the preventive works for erosion by
hmreasiﬁg discharge from the confluences. The excess water from watershed
and the prdject area shall be drained off into the Nariva Regulating Re-
Servoir, at the lowest plain, along the Nariva River for the temporary

storage , aﬁd then they shall be removed from the reservoir to the ocean by

¢ ~-22



gravity after controlled by the barrage. Under the circumstances, there

exist no definite objections in making a plan on L'Ebranche Estuary as
a new estuary, and on the contrary, it will be possible to make a usefu?
estuary plan for the development of the area.

Estuary Structure

There is no much need for special construction of various estuary
structures, but only for widening of the hydraulic cross-section of the
flows in confluences of discharges from the areas relating to the project

area and for execﬁting the bank protecting works.
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Appendix H
Water Requirement

Estimation of Evapotranspiration

The irrigation water requirements includes evapotranspiration and
percoration., - There are various methods in evapotranspiration calcula-
tion, such as Blaney-Criddle's, Thorthwaite's, Penman's and so forth,

The Penman's method shall be taken herein for estimation in consideration
of high humidity oceanic climate in the project area. From a result of

the method monthly water consumption shall be determined for the total
upland irrigation,

Penman Requirement

AH + 0.27FEa

Et = A+ 0.27

Here; H = Ra (1 - r)(0.18 + 0.5 h/H) - 47a%(0.56 - 0.92/ 2d )
x (0,10 + 0.90 h/N)

Ea = 0{35(ea —'ed)(l + 0.0098 UZ)
Daily heat budget ‘at surface in mm H,0/day

H
RA: Mean monthly_extra terrestrial radiation in mm HEO/day
y: Refection coefficient of surface

h: Actual duration of bright sunshine

v Méximum possible duration of bright sunshine

g:  Boltymann constant

€q:- Saturation vapor pressure at mean dew point in mm Hg
(i.e. actual vapor pressure in the air)

E_:  Evaporation in mm H20/day

a
e,’ ‘Saturation vapor pressure at mean air temperature in mm Hg

o o _1og66
U,: Mean wind speed at 2 meter above the ground in miles/day Uz'tlog U

Uy: Measured wind speéd in miles per day at height h in feet
. EvapofransPiration in mm H,0/day

A:  Slope of saturated vapor pressure curve of air at absolute
temperature Ta in °F mm Hg/°F

H=4



wetcorological Data

Evapotranspiration is calculated by Penman formula in preparation of
the meteorological data such as mean temperature, mean humidity, wind
speed and maximum possible duration of bright sunshine, and these data
are tabulated respectively in Table D~3, D-4 and H-2. The keynotes of

these data are shown intemsively in Table H-1,
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The seasonal evapotranspiration is estimated by the Penman's Formula
on the basis of the above data. Table H-3 shows a process of this calcu-
lation and its result. For further references, the result obtained by
the Thornthwaite's Method is shown in Table H-4.

The records of monthly fluctuation of evapotranspiration in green crops
were observed at the Unviersity of West Indies, and the data are shown in
Exhibit E-1 in comparison with the results obtained by the Penman's and

Thornthwaite's Methods.

Determination of Water Requirements

Monthly water requireméhts (monthly water consumption) of the green
crops is equivalent to an amount of evapotranspiration shown in Table H-3,
Water requirements of paddy fields shall be estimated in addition of per-
colation to the above evapotranspiration., Percolation shall be estimated
at 0.2 inches per day in consideration of the soil conditions in the pro-

ject area.

Furthemmore, water.requirements for puddling, which is to be carried
out at the end of May and November, can be calculated on the basis of the

following assumption.
Thickness of top soil | 30 cm
‘Porosity | 40 %
Submergence depth after puddling 5 cm

Therefore, the puddling water requirements will be 7.8 inches in

depth from the following calculation.
(30 cm x 0.4) + 50 xm + allowénce 30 em + 20 cm or 7.87 inches

Table H-6 shows the proposed cropping pattern with the water require-
ment per unit area (Refer to Table-H-5). ‘And Table H-7 shows the weighted
irrigation-requirement pér unit area in consideration of the proposed crop-

ping land ratio.



Determination of Basic Precipitation

Determination of Basic Year

In the project area and its watershed, there exist six gauging
stations, among which Newland Estate Biche Gauging Station (3-1) keeps the
cbservation records for 39 years, from 1930 to 1968. The calculation for
probable rainfall in the dry season (January - April) can be made anc
shown on Exhibit H-2. From the said Exhibit, 1961 with probable rainfall
of 1/8 non-exceedence shall be determined as the basic irrigation year in

the area,

Schematic Rainfall

Correlation among Gauging Stations

P i, = . = P

Table H-8 shows the correlation of rainfall data between Newlands
Estate Biche (3-1), Gauging Station and other five gauging stations lo-

cated in the project area and their basins.

Table H—S__ . Correlation with Newland Estate Biche (3-1)
Station : : c 1ati £ 1 Correlation
L atlo o . orre lation ormula coefficience
Plum Mitan Rice Scheme (3-2) Y=0.98x -8.79 0.94
. ' Y=0.85x +0.84 0.77
Cocal Estate Mauzanilla (3-7) Y=0.44x +29.66 0.65
_ ‘ o Y=0.82x -2.45 0.97
Navet Dam site (3-8) Y=0.66x +18.21 0.83
_ > _ Y=0.84x -1.80 0.77
Navet Preabyterian School (3-9) non-correlation '
Bush' Bush Camp ‘ Y=0.74x +9.46 0.93
' : Y=0,80x +1.15 0.76

NB: Correlation equations in the upper part shows the correlation in the

wet season, and those in the lower part in the dry season.

“Table H-8 clarifies that there is no correlation of the rainfall re-

cords betweeh Présbyteriah School (3-9) and Newlands Estate Biche (3-1J,



ywhich are taken as the selected location for determination of the bsic year
for the project,

pivided Area

The arable ‘alnds, 54.73 square miles shall be selected from the total
project area for calculation of mean proposed rainfall on the total project
area. To calculate the designed rainfall on each basin, 54.73 square
miles shal_l be ramified by using the Thiessen Meghod, on the basis of the
data recorded at the five stations excluding Navet Presbyterian School
yhich has no correlation with those of Newland Estate Biche. And the di-
vision of the area is shown on Exhibit H-3. |

From the divided areas by the Thiessen's Method and the rainfall data
of gauging_ stations representing each bloc, the weighted mean value cen be
calculatéd for the designed rainfall for the total project area. In these
calculations, hbwéver, no observation records are available about the Tain-
fall at Bush Bush Camp (3-14) for a period, January to April, and the same
for a pefiod,. Ja_nuary to May at Plum Mitan Rice Scheme (3-2). Such being
the caSe,_ for these data at two gauging stations, monthly rainfall shall

be estimated '_on':- the basis of the aforementioned correlation equations.

Effective Rainfall -

Effective. rainfal_l shall be considered for two objectives, green crop
and rice__éfdp. Effective rainfall for green crops is estimated in appli-
cation of graphs used byIMerican bureau of Reclamation and the result is
shown on Exhibit H-4, On the other hand, effective rainfall for rice crop
shall be'e_sti.niated on the basis of 70 percent of effective rainfall of the
monthly meén rainfall, This is the e'mpiriéal value of effective rainfall
for the paddy -fields'. These da_ta are shown in Table H-10 and H-11 together

with the summerized one in Table H-9.



Table H-9  Effective Rainfall for Field Crbps and Paddy

Crops Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Total

Upland 3.67 0.88 2.20 1.36 1.88 4.07 4.07 4.07 4.07 4,07 4.07 2.87 37,28
crops '

Paddy ~ 3.30 0.62 1.67 0.99 1.4} 5.35 7,72 5.22 7.97 9,37 9.72 2.63 55.97
crops ' :

Net Irrigation Requirements

Net irrigation requirements can be estimated in subtraction of effec-

tive rainfall from irrigation requirements and is shown in Table H-12.

Water Requirements

Necessary irrigation water can be estimated by the following equation
in consideration of net irrigation requirements irrigation efficiency and

conveyance -loss .,

s - _ N.I.R.
I.W.R, - = E(l ~ Loss)
Where :I.W.R;:is ﬁecéssary'irfigation water in inch unit.

- N.I.R, is net irrigation requirement in inch unit.

E is irrigation efficiency and Loss is conveyance loss.
The necessary irrigation water is shown in Table H-12 in the result

ofestimation with 0.65 as a-irfigation efficiency E and 0.15 as conveyance
loss , o

H~10. o
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Table H-3

Evapo-Transpiration by Penman Method

(35)/(29)

- Month ,
Item Jan, Feb, Mar Apr. May Jun, Jul, Aug. Sep. Oct. Nov. Dec. Total Average Remarks
1, Mean T ° .
2 Meaﬁ R:?I;:xzugﬁm(dﬂy (%) Z; ;g ;?} ;g 79 79 78 76 79 79 78 77 936 78 Depends on the data ohserved at Navet Reservoi
) 62 71 72 72 71 70 71 68 791 66 Refer to Table-
i. ﬁa:1m3m0P0551b1e gpratlon of Bright Sunshine N (hr) 359.7 330.1 373.0 369.5 389,5 368.2 392.8 385.0 366.8 370.7 351.4 359.0 4,415.7  368.0 Refer to Table-
Date : Rct“a fugatliclm g Bright Sunshine n (hr) 238.7 224.0 251.1 243.0 244.9 195,0 213.9 213.9 ° 198.0 210.8 201.0 210.8 2,645,1  220.4 Refer to Table-
a > wé} (110 o . right Sunshine (n/N) x 100 (%) 66.4  67.9  67.3 65.8 62.9 53.0 54,5 55.6 54,0 56.9 57,2 58,7 7,202 60,0
7. snespeec (m:}ie/}}:r) >.8 ©.8 7.8 7.7 7.6 6.7 5.0 4.0 4.3 4.6 4.5 5.1 69.9 5.8 Refer to Table-
g Windspeed U, (“‘?13/ r) 3.1 3.7 4.2 4.2 4.1 3.6 2.7 2.2 2.3 2.5 2.4 2.8 37.8 3.2 Up = (1086:6 ) 4 u; = 0,54 Uy
. (mile/day) 74.4 88,8 100.8 100.8 98.4 86.4 64.8 52.8  55.2  60.0 57.6  67.2 917.2  76.4 08
13- Radiation Rate Ry (mm H,0/day) . 12,8 13,9 14,8  15.2 15,0 14,8 14,8 15.0 14,9 14,1 13.1  12.4 170.8 14,2 Obtain from the related table in Penman Equati
. Reflection Coefficient (r x 100) (%) 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25,0 25.0 25.0 25.0 25.0 eflection coefficient is determined to be 25
: . —— following references developed by Monteith in
Solving Expression  1l. 1 - r 0.75 0.75 0.75 0,75 0.75  0.75 0.75 0.75  0.75  0.75 0.75  0.75 Pasture ; 25.2 %  Sugar beat : 25.5 %
(Rl - 1)(0.18 + 12+ 0.55 x (n/M) 0.37 0.37 0.37 0.3 0.3 0.29 0.30 0.31 0.30 0.3l 0.31  0.32 Alfalfa : 25,2 %  White potato : 27.0
055 n/N) } 13. 0.18 + (12) 0.55 0.55 0.55 0.54 0.53 0.47 0.48 0.49 0.48 0.49  0.49 0.50 Wheat : 27.4 %
14, (9) x (11) x (13) 5.28 5.73  6.11 6.16 5.96 5.22 5,33 5.51  5.36 5.18  4.81 4.65
15. Saturation Vapor Pressure ey (mmHg) 24 24 25 25 25 25 25 24 25 25 25 24 296 24.7 Obtain from the related table in Penman Equati
. . 16. Actual Vapor Pressure in the Air eq = (15) x (2) (mmHg) 15,12 13,92 14,25 14.00 15.50 17.75 18.00 17.28 17.75 17.50 17.75 16.32 195.14 16.26
1 Expression; . . . . . . . . . . . .
Seling Expression; 5 ﬁ Y16y 3.89 3,73 3,77  3.74 3,94 4,21 4,24 4.16 4,21 4,18 4,21 4,04 .
[ oT2*(0.56 - 18. &Ta" 15.0 15.90 16.00 16.12 16,12 16.12 16.00 15.78 16.12 16,12 16.00 15.90 Obtain from the related table in Penman Equat
0092@@(0 0+ 19 0. 092/eq = 0.092 x (17) 0.36 0,34 0,35 0.34  0.36 0.3 0,39 0.3  0.39  0.38 0.39  0.37
0.90 n/N) } 20, . 0.56 - 0 092/eg = 0.56 - (19) 0:20 ©0.22 0,21 0,22 0,20 0,17 ©0.17 0.17 0.17 0.18 0.17  0.19
' 21, 0.90 x (n/N) 0.60  0.61 0.61 0.59 0.57 0.48 0.49 0,50 0.49 0.51  0.51 0.53
22, 0.10 + 0.90(n/N) = 0. 10 + (21) 0.70 - 4 0.71 0.71 0.69 0.67  0.58 0.59 0.60  0.59 0.61 0.61 0.63
23. (18) x (20) x (22) 2,23 - 2.48° 2,39  2.45  2.16  1.59 1.0 1.61 1.62  1.77 1,66  1.90
Solving for H 24. (14) - (23) 3.05 . 3.25 3,72 3,71 _ 3.8  3.63  3.73  3.90 3,74 3,41 3,15  2.75
Solving Expression; 25, e, - .eg = (15) - (16)  (mmHg) 8.88 10,08 10,75 11.00 =~ 9.50  7.25  7.00  6.72 7,25  7.50 7.25  7.68
Bas 0 26, 0°35(eq - eq) = 0.35 x (25) 3.11 3,53 3.76 3.85 3,33 2.54 2.45  2.35 2,54 2,63 2.54 2,69
220.35(e3 - eq9)  27. 0.0098 U, = 0.0098 x (8) 0.73  -0.87 © 0.99  0.99 0.96 0.85  0.64 0.52  0.54  0.59 0.56  0.66
(1 + 0.0098U,) 28. .1 + 0,0098 Up = 1 + (27) oo 173~ 1.87 1,99  1.99 1.96 1.85 1,64 1.52  1.54 1.5 1.56  1.66 _
29, Daily Evaporation Ea = (26) x {(28) - (nm/day) 5.38  6.60  7.48 7.66  6.53 4,70  4.02  3.57 3,91 4,18 3.96  4.47 62.46  5.21
Solving Expression; ~ 30. Slope of Saturated Vapor Pressure Curve of Air 0.79 0.79  0.80 0.80 0.80 0.80 0.80  0.78 0.80 0.80 0.80 0.79
: ' at Absolute Tem erature Ta in °F & (mmHg/ F) ' ' : :
31, (24) x (305’ o 2,41 2,57 2,98 2,97 3,04 2.90 2,98 3.12 2,99 2,73 2.52  2.17
s . 8H + 0,27Ea 32, o 27Ea = 0.27 x (29). 1.45 1.78  2.02 2,07 1,76 - 1,27 1,09 0.96 1.06 1,13 1,07 1.21
i S L "33, AH + 0,27Ea = (31) + (32) _ 3.86 4,35 5,00 © 5,04 4,80 4.17 4,07 4.08 4,05 3.8  3.59 3.38
34, A +0,27 = 0.27 + (30) R 1,06 1.06  1.07 1.07 1,07 1.07 1.07 1.05 1.07 -1.07 1.07 1.08 o1 503
35, Daily Evapo- Transplratlon Et = (33)/(34) (mm/day) 3.64 - 4,10 4,67  4.71 4.49 3.90 3.80 3.89 3.:9 3.61 g.g? g.ég A o
36, Monthly Evapo Transplratlon Et (1nch/month) o 4.44 . 4.52 5.70 5.56 5.48 4,61 4,64 4.75 .48 .41 . . . .
.37 ' Et/Ea 0.68 . 0.62. 0.62 0.61 0.69 0.83  0.95 1.09 0.97 0.86  0.85 0.71 8.48 0.71




Table H-3

bo—Transpiration by Penman Method

!Month Jan, Feb, Mar, Apr. May Jun. Jul. Aug. -Sep. Oct. Nov. Dec. Total Average Remarks
_ 77 77 78 79 79 79 78 76 79 79 78 77 936 78 ‘Depends on the data observed at Navet Reservoir Damsite No.3.8 in 1968
a 63 58 57 56 62 71 72 72 71 70 71 68 - 791 66 Refer to Table-
ht Sunshine N (hr) 359.7 330.1 373.0 369.5 389.,5 368.2  392.8 385.0 366.8 370.7 351.4 359.0 4,415.7  368.0 Refer to Table-
e n (hr) 238.7 224.0 251.1 243.0 244.9 195.0 213.9 213.9 ° 198.0 210.8 201.0 210.8 2,645.1  220.4 Refer to Table-
F100 (%) 66.4 67.9 67.3 65.8 62.9 53.0 54,5 55.6. 54.0 56.9 57.2 . 58.7 7,202 60.0 S :
: 5.8 6.8 7.8 7.7 7.6 6.7 5.0 4.0 4.3 4.6 4.5 5.1 69.9 - 5.8 - Refer to Table-
: 3.1 3.7 4.2 4,2 4.1 3.6 2.7 2.2 2.3 2.5 2.4 2.8 37.8 3.2 Up = ( %Eﬁgié.) x Uy = 0.54 Uy
! 74.4 88,8 100.8 100,8 98.4  86.4 64.8 52.8 55,2  60.0 57.6  67.2 917.2  76.4 082>
? 12.8 13.9 14.8 15.2 15.0 14.8 14.8 15,0 14.9 14.1 13.1 12.4 -170.8 14.2  Obtain from the related table in Penman Equation
I (%) 25,0 25,0 25,0 25,0 25,0 25.0 25,0 25.0 25.0 25.0 25,0  25.0 o - _{Reflection coefficient is determined to be 25 per cent depending on the
¥ . - ~{following references developed by Monteith in 1956.
! 0.75 0.75 0.75 0.75 0.75 0.75 0.75 | 0.75 0.75 0.75 0.75 0.75° Pasture : 25.2 % Sugar beat : 25.5 %
i 0.37 0.37 0.37 0.36 0.35 0.29 D.30 0.31 0.30 0.31 - 0.31 0.32 Alfalfa : 25.2 %  White potato : 27.0 %
; 0.55 0.55 0.55 0.54 0.53 0.47 0.48  0.49 0.48 0.49 0.49 0.50 Wheat  : 27.4 4 '
5.26 5,73 6.11 6.16 5.9 5,22 5,33 5.5  5.36 5.18  4.81  4.65 -
i(mmHg)' 24 24 - 25 25 25 25 25 24 25 25 25 24 : 296 . . - 24.7 ‘gbtain from the related table in Penman Equation
eq = (15) x (2) (mmHg) 15,12 13.92 14.25 14,00 15,50 17,75 18.00 17.28 17.75 17.50 17.75 © 16.32 195,14 16.26 ' -
: 3.89 3,73 3.77 3.74 3.94 4,21 4,24 4.16 4.21 4.18 4.21  4.04 - ,
15.9¢ 15.90 16.00 16.12 16.12 16.12 16.00 15,78 16.12 16.12 16.00 15.50 Obtain from the related table in Penman Equation
0.36 0.34 0.35 0.34 0.36 0.39 0.39 0.39 0.39 0.38 0.39 0.37 ' '
0.20 0.22 0.21 0.22 0.20 0.17 0.17  0.17 0.17 0.18 0.17 0.19 -
| 0.60 0.61 0.61  0.59 0.57 0.48 0.49  0.50 0.49 0.51 0.51 0.53
, 0.70 0.71 0.71 0.69  0.67 0.58 0.59  0.60 0.59 0.61 0.6  0.63
: 2.23 . 2.48 2.39 2.45 2.16 1.59 1.60 1.61 1.62 1,77 1.66 1.90
3.05 . 3.25 3,72 3.71 3.80 3,63 3.73  3.90 3.74 3.41 3,15 2,75
1 8.88 10,08 10,75 11,00 9.50 7.25 . 7.00  6.72 - 7.25 7.50 7.25 . 7.68
- 3.11 3,53 3.76 3.85 3.33 2.54 2.45 2,35 2,54 2,63 2.54 2.69
0.73  0.87 -0.99  .0.99 0.96 0.85 0,64 0.52 0,54 0.59 0,56 - 0.66
3 1.73 1.87 1.99  1.99 1.96 1.85 1.64 1.52 1.54. 1,59 1.56 1.66 S
k) (mm/day) 5.38  6.60 7.48  7.66  6.53 4.70 4,02 3.57  3.91  4.18 3.96 4.47 62.46 - - 5.21
Curve of Air 0.79 0.79 0.80° 0.8  0.80 0.80 - 0.80 0.78 0,80 0.80 0.80° 0.79
A (mmHg/°F) - o o ' - ' -
_ 2.41. - 2.57 2.98 2,97 3,04 2.90 2.98  3.12 2.99 2.73 2,52 2.17
1.45 1.78 2,02 2,07 1.76 1,27 1.09 0.96 1.06 1.13 1.07 1.21
3.86 4.35 5.00 . 5.04 4.80 4,17 4,07  4.08 4,05 3.86 3.59 3.38
- - 1.06 1.06 . 1.07 .1.07 1,07 1.07 1,07 1,05 1.07 1.07 1.07 1.06
3)/(34) (mm/day) 3.64 4,10 4.67  4.71 4.49 3.90 3.80 3.89 3.79 3.61 3.36  3.19 47,15 . 3.93
nch/month) 4.44 4,52 5,70 - - 5.56  5.48 4.61 4,64 4.75 4,48 4,41 3.97 3.89 56.45. 4,70
0.68 0.62  0.62  0.61 - . 0.69 0.83 0.95 1.09 0.97  0.86 0.85 0.71 8.48 0,71
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ITNCH

8.0

0.0] .

Exhibit H-1

REMARKS
—_——

—_— A

- T R | T — 1 T T t T T T ™
JAN.. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP. OCT. ﬁOV. DEC.

MONTHS

~ CALCULATED VALUE BY PENMAN METHOD

CALCULATED VALUE BY THORNWAITE METHOD

DEVIDED FROM MR. SMITH (1966)

(SOURCE: '"THE SCOPE FOR MECHANISATION OF
VEGETABLE PRODUCTION IN ARANJUEZ
TRINIDAD" . PAGE 71)

VVMONTHLY VARIATION'OF EVAPO-TRANSPIRATION

CH-19



Exhibit H-2

19,99 [ ‘AR R _Tyear i R lYear
1| 6.68]'31 [20] 16.83] 60
. 2| 7.29|'a2 |21 16.89] '57
3| 8.73]'59 |22] 16.93] '64
4| 9.40{'52 |23 16.95] 39
/ 5110.25'61 |24 17.72| 154
% 6[10.34|'40 (25| 18.18] '67
7110.94['66 [26| 18.41|'63
% / 8{11.42]'35 |27| 20.59] 58
[‘ 9l12.19{'62 |28] 21.46| '56
90 10(12.791'49 1291 22.44] 153
J/ 11{12.88} 41 {301 22.45} 137
80 T hi2|13.09) 146 |31| 23.94 '68
70 - ' 113]14.17]'34 |32 24.12]'33
60 ::/ 14|15.72{'44 |33] 25.73| '48
50 { | 115}16.05| 165 |34 26.72| 143
10 [ - | l16]16.00| 130 [35] 28.53|132
- / J 17{16.22| 147 |36| 33.85]'38
: / | 118116.32[ 36 |37 34.60|'50
0 f T T liol16.67] 155 |38| 41.60] 51
10 B —
}Z : | ' i: Order from Minimum
: | ?/ .. B R: Rainfall in inch
1 /
0.1 |— ; //
M 3 5 7 10 20 30 50 70 100

"Raihfaii'duriﬁg_Dry season, in inch R

o Non;Exteéding‘Probability of Dry Season Rainfall

by Harzen Paper at New Land Estate Riche




Exhibit H-3

Rice Scheme
(3 - 2)

Cocal Estate
Manzanilla
(3 -7)

10.84 sq.miles

Newlands Estate
Biche (3 - 1)

Bush Bush Camp
(3 - 14)

29.27 sq.miles

Arable Land

Vided Areq by'Thissen'Methodi-t o Precipitation Station
_ s H- 21



Exhibit H-4

Total Monthly Precipitation
that might occure, in

Monthly Rainfall con-
sidered Effective, in

inch inches
Part of Each Accumu-
inch Incre- lated
ment Total
] e e 0.95 0.95
2 e 0.90 1.85
3 e 0.82 2.67
I 0.65 3.32
S e L L 0.45 3.77
B e 0.25 4.02
OVET 6 wmmmoem o L__. 0.02 4.07
6.0 __|
5.0
4.0 =8
3.0 -
> t
T
P [l g ’
2_ B
0 1 r.d - 1+
N » .Fw . )._ ‘_—p - - _I”" - T
1 y.4i
1.0 5
0.0 _ _ i RESass
0'0 1.0 .. 2.0 . . 3,0 4.0 5.0 ) 6.0 7.0
~———=~ Total Monthly Precipitation, in inch
* Souse: Federal Soil Conservation Service, Agricultural

Research Service and Bureau of Reclamation

" Agencies

Monthly Effective Precipitation

of ‘Upland Fields
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Appendix I
Irrigation layout

General

Water requirement for the irrigable area in the basic year for irri-
gation planning (1961) is about 61,000 acre-feet (see Table 1-6). For
the storage of the water, it would be the most economical to construct
a low reservoir around Bois Neuf, at the transitional portion of the down-
stream of the Navet Anho River, of which elevation is higher than the
irrigable area due to the employment of a gravity irrigation system and
where the flood water at the flood season is easily caught. The crest

of this dike will be utilized for a main road in the irrigable area.

The storage capacity of the reservoir is correlated with the water
requirement of cropping pattern in the irrigable area. But the water sur-
face of the reservoir should be designed to be less than 120 feet in ele-
vation in drder to prevent submersion of private estate, poor drainage and
destrpiction of wind belt behind the Nariva Swamp area. Upon completion of the
reservoir, about 86% of watershed area will be regulated for drainage of -
the excess Water from the watershed during the rainy season, by selection
of the constfﬁption'site'of the.reservoir along elevation of 110 feet bet-

ween the Jagroma Cut and Bois Neuf and hilly zone linking with Bois Neuf and
Bush Bush. |

Determination of resefvoir-capacity
The storage capac1ty of the reservoir should be determined upon
calculatlon of water balance of the reservoir every ten days in the

basic year 1961 for Irrigation Planning.

Inflow tO'ReServoir' .

The quantlty of 1nflow to the reservoir is obtalned by a calculatlon

onlmutlplylng an effect1Ve rainfall by a watershed area

T4



The rainfall gauging stations stand at the Navet Reservoir Damsite

(3-8), Ngvet Presbyterian School (3-9), Newland Estate Biche (3-1) and

push Bush Camp, all of which are in the watershed area (D, E, F § G)

around the reservoir. From calculation of an averaged design rainfall in

the whole watershed area, the rainfall observed in Navet Presbyterian School
is excluded due to non-correlation with Newland Estate Biche {see Appendix
H). The daily rainfall 1n the basic year for irrigation (1961) were not

observed for_a full year at the Navet Reservoir Damsite and for dry season

at Bush Bush Camp Therefore, from the correlation with the cata of Newland

Estate Biche, the total precipitation during the rainy and dry seasons are
obtained. . Then the data for the Navet Reservoir damsite are substituted

with the 10-day discharge'data assumed from the discharge rate by season

of Newland estate with the total prec1p1tat10n The sphere of each rain-

fall gauging station ~observatory is shown in Table I-1, and the watershed

area 1s devided, based upon "Thiessen method'.

Table I-1 Dividing the Basin of Cocal Reservoir by
. Thlessen s Method
s Basin area Percent
Newland Estate Biche 27.3054-Mile 22.4°
Navet Reserv01r Damsite . 56.68 46.6
Bush Bush,Camp . " 37.64 ' 31.0
Total = 121.62 ©100.0

Table 1-2 and Exhibit I-1 show an average rainfall of the whole water-
shed area corresponding to the above division.

——-—..u-—--..-....._---..._—-.-..__-_.—-....4....__,-.._

An average monthly,runoff coefficient is obtained by a calculation on
the récqrds'of'ﬁhe year 1961-1966 observed in the Navet Reservoir diécharge
gauging staﬁion.(S—Zj' Table. I- 3 and Exhibit I-1 show monthly mean runcff
umffltlent on the basis of observatlon records (Trinidard Water Resources
&uwey, Interlm Report No 1). .There are most of the years when the dis-

charge is- not percelved durlng March and April as shown clearly in Table
1-3, . S



The basic year for irrigation planning is a drought year, which occurs
in a probability of 1 to 8 years, and mean rainfall amounts up to 2.14 inches
during March and 1.24 inches during April, se that the runoff ciefficient
can be regarded as zero. The runoff coefficients of other months are obtain-
ed from the calculation and rounding up on the basis of an average monthly
value of rinfall as shown in Table 1-4.

Table I-4 Mean Monthly Average Run-off Coefficients

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Qct. Nov. Dec.

Run-otf

Coeffi- .21.0 14.0 0 0 10.0 34.0 42.0 28.0 28.0 38.0 26.0 43.0
cients

Note: An annual mean runoff coefficient is 30.6 percent.
Calculation of inflow

An effective rainfall is obtained by multiplying mean rainfalls per

10 days in the watershed area by runoff coefficients as shown in Table I-2.

"~ The 1n£low is obtalned by multlplylng an effectlve rainfall by 121. 62

square miles of the watershed area as shown 1n Table I-5.
Irrigation water reqplrement

Requ1red lrrlgatlon.water for the development scheme is obtained by

‘ mﬂtiplying 13.5 acres of cultivated land by diversion requirement (e)

as shown in Table H-14 of Appendix H. 1In case monthly water requirement

is connected to 10 days water requirement, a day ratio is used. The cal-

s

i

culation process is shown in Table I-6.

jReservoif Capacity :

e ol k5. g

Vet water capac1ty of reservoir is determined to be equal to. the maximum

;shortage of amount of the water by reducing irrigation water requirement

: from inflow amount in reservolr as shown in Table I-5. The calculation pro-
Cess is shown 1n Table I-6. From this table the net water capacity of
Teservoir 15 estlmated at 26,600 acre-feet for the cropplng pattern required

in the development scheme. )



Water loss from Reservoir

The water loss of reservoir is considered to be evaporation from the
water surface and percolation from the foundation of dike.

Water surface evaporation: The water surface evaporation of the reservoir

is obtained from the calculation on the base of evaporation per unit area

and reservoir surface area.

To obtain the evaporation per unit water surface area, it is presented
on when the actual values gauged at the Navet Reservoir Damsite from May

1967 (estimated values of A type evaporation) and values obtained from the
calculation by "Perman Formula" in Table H-6 of Appendix H. It is shown on
Exhibit I-2.. The totgled value obtained from “Penman Formula" is 20.22

inches during the dry seaéon'(from January to April) which is a little larger
than the gauged value 19.35 inches, and represents and intermediate value

of actuai_vaiues recorded during the wet season (from May to December) of

the vears, 1967 aﬁd 1968. As shown clearly in Table 1-6, shortage of irri-
gation water ocoors between the first part of February and the end of May

of the following year.. Therefore as the evaporation values used for the
determlnatlon of the storage capacity of the reservoir, the value obtained
by Penman Formula” used for determination of paddy irrigation water re-
quirement .. Assumlng that - the storage amount of nearly three fifth of 26,600
acre-feet . of net storage capaC1tv of reservoir is an average reservoir sur-
face area (Ao), Ao is estlmated at approximately 3,450 acres from Exhibit
I.3 (storage:water 1eve1,_Surface area, and water quantity amount).

The evaporation is'eétimeted at 25.70 inches (approximately 2.1 feet) bet-
ween the'first.pErt of February and the end of May of next year as shown

in Exhibit I-2, Therefore, the whole evaporation is: 3,000 acres x 2.1
feet = 6,200 acre-feet. |

The dike of reservoir éhouid be built up of impervious heavy clay dis-
tributed around the reserv01r with uniformality. The cross sectlon of the
dike Should be d851gned to be broad enough for the main road in the project

area, and the creep length is to be extended decreasing leakage



On the other hand, the foundation of dime is composed of heavy clay,
the permeability coefficient of which is 1077 feet/sec at the depth of

5feet below the ground surface. Therefore, the leakage through the dike

is considered small and is assumed to be 3 percent of net water storage
capacity and the evaporation, and hence the leakage is calculated as

follows: 32,800 acre-feet x 0.03 = 1,000 acre-feet.

Sediments

Almost of the watershed area "A" (121.62 sq.miles) on reservoir is

covered with heavy clay, where limestone and tuff are hereabouts distributed.
Therefore, it is naturally considered that the sediment discharge is es-

timated to be most distributed, in view of the topography. However, the

watershed area is, as a whole, flat plain and covered with thick forest,

and hence vegitation conditions is very favourable. An average annual
rainfall amounts up to 77.9 inches, but the runoff ratio is only about 30
percent. The actual record is not, at present, available for sediment,
the dlscharge of which is emperlcally accounted for 340 cu.yd/year/sq.mile

(100 mz/year/ksz

The analysis year is for sediments is assumed 50 yvears as long as for
economic analysis years.

Sediment: 340 cu.yd/yr./sq.mile x 50 yr x 121.62 sq.mile
2,067,540 cu.yd .

L}

n

1,282 acfe-feet (approximately 1,300 acre-feet)

On the'basis of the aforementioned calculation, the factors, which
shall determin the reservoir capacity corresponded with the proposed

Cropping pattefn,in.the scheme development, are shown as follows:

Net water storage capacity | vy 26,600 acre-feet
Evaporéfion df.watér' _ _ :
surface of reservoir - Va

n

6,200 acre-feet



Leakage from

reservoir Vg = 1,000 acre-feet
Effective water storage: Ve = V1 + V2 + V3 = 33,800 acre-feet
Sediments Ve = 1,300 acre-feet

The Reservoir Capacity is obtained sediments and effective water storage

of reservoir.
A total of water storage: VI = Vg + V4 = 35,100 acre-feet

The water level at the peak storage based on the total of water storage
is 118.3 feet (T.G.R.) as shown on Exhibit I-3. The reservoir capacity is
generally, subject to the cropping pattern. In review of the imports of
agficultural products and the marketing system in this country, according
to the cropping patterns 3 cases are proposed, and the water storages of

reservoir is 3 cuses are shown as follows.

Case I Case 11 Case III
Cropping Pattern  Cropping Pattern Cropping Pattern )
Dry. - Rainy Dry Rainy Dry Rainy
Season  Season  Season Season  Season Season
M. 50% . M.25%,S.25% . . .
s Tcpy Pr 100% pioos P.100% P.100%  P.100% ]
' - acre-feet acre-feet acre-feet
Net Reservoir o
Capacity 13,000 | | 26,600 40,600
Evaporation ... 6,000 . _ 6,200 16,000
Percolation o 600 . 1,000 1,300
Effective - 19,600 - 33,800 51,900
Capacity o _
Sedimentation . - . 1,300 1,300 1,300
Total | 20,900 . 35,100 ~© 53,200
Capacity - ' ' : :

Note: L. Case II.shows the cropping pattern of the planned
: .. development.

: 2; M: Maize, S: Soybean and P: Paddy



The reservoir in the development scheme, with its elements are ellust-

rated below:

oo ) Full Water Surface EL 118.3 feet

Effective Capacity
- V=33,800 acre-feet

v
4

Schematized Sedimentatin Surface EL 105 feet

Schematlzed Sedlmenté/Zon Volume
V 1,300 acre-féet

/’/,/f’

The sediment is believed to be loaded, levelled at the lowest portion
of the bottom of. reservoir.' But the sediment shows, in fact, a tendency

to be loaded around the area, through which river water flows into the
TESETVOLT, '

Layout of dam body

The_crest of the 'Cocal' Reservoir is planned to be utilized for main

road in the irrigable area. Therefore it should be considered upon deter-
mination of the size of dam body.

Dam tvpe

Heavy ciay prospected to be the foundation of dam is of the seepage
coefficient of N x 1077 feet/sec at the depth of 5 feet below the ground,
so that there is no. need of drawing up a particular design for ground see-

Page and pumping action. 1In case of heavy clay, the seepage resistivity
is about 20 times per foot
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Also this heavy clay soil of which penetration registance is 20 times
per foot, has a full charactsristics of prevention capacity of leakage and
strengthness for supporting the dam, necessary for the foundation of low
dam. There are various types of dams. The most economic material is
heavy clay of antiseepage action, which is only the available material

around dam site. Accordingly the dam shall determined of a homogeneous
type of "Earth Dam".

Standafd_section

_ Based on the design cropping pattern of the development scheme, the
height of the dam with the crest is determined with the addition of free-
board and wind wave-geight to the design flood level which is the water
level of 1.2-time as much as flood water passing through a spillway in

probability of 1 to 100 Major elements concerned with the height of crest
are as follows:

Full water level of reservoir’ 118.3 feet (T.G.R.)
Estlmated flood level of 121.4 feet (T.G.R.)
Teservoir . _ :

Wind wave- helght (including the 3.9 feet

Wldth of wave) _
Free- board i ' . ' 0.8 feet
The crest he1ght of dam is, therefore, 126.3 feet (T.G.R.)

In case of adoptlon of a homogeneous type of earth dam, the embank-
ment slope should be a’ compdratlvely gentle slope in order to keep enough
stability against the slip, according to the relations of pore pressure
and shearing"strehgth' S'to'l"in the uppérstream and 2.5 to 1 in the down-
stréam Main road in con51derat10n of llnklng with roads in the irrigable
area shall be arranged on the t1p of the slope at the downstream in order
to ‘make the - dam body stabler on taking an. advantage of counterweight action
of the backflll The standard cross -section of the Cocal r-servoir on the
basis of. the 51ze of the dam bodv is 5hown in Exhibit I-4, The sizes of

dmﬁbody.aqcordlng to 3 cases of the cropping patters are as follows.
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Appendix I (continued)

Case I Case II Case II
Cropping Pattern Cropping Pattern Cropping Pattern
Dry Rainy Dry Rainy Dry Rainy
Season Season Season Season Season Season
M. 50% o M.25%,5,25% o o o
S. 50% P.100% P.50% P.100% P.100% P.100%
acre-feet acre-feet acre-feet
Total Capacity 20,900 35,100 53,200
Full Water Level 115.2 feet(T.G.R.) 118.3 feet(T.G.R.} 121.9 feet(T.G.R.)
High Water Level ‘'118.3 n 121.4 " 125.0 "
pam Crest 123.2 " 126.3 " 129.9 "

Layout spillway

In consideration of connection to the Nariva Regulation Reservoir,
the condition of topography and draining of flood water to Cocos Bay in the
process of the lst development, the spiliway should be established on the
hilly land of Bush Bush by excavation so as to be led to the present mouth
of the Nariva river.

Schematic flood-for:§pillway

As the”fiood water for the spillway, a 20 percent increase on the 100
years probability is to be adopted, based on the standard by the International
Big Dam Conference. For the calculation for the schematic flood, Unit

Hydrograph of Chapter II, Brainage and rainfall records of Newland Estate
Biche is used, '

Daily:rainfall of Newland Estate _
Biche in a probability of 1 to 10 _ 5.62 inches

Schematic daily rainfall for spillway
{1.2 x:'daily rainfall in a pro- )
bability of 1 to 10) : 10.20 x 1.2 = 12.24 inches

Ratio of schematic dally ralnfall

for spillway to daily rainfall of

Newland.Estate Blche in a probablllty

of 1 to 10 - : 12,24 1 5.62 = 2,178
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peak discharge of the Cocal Reservoir
on the basis of daily rainfall in a
probability of 1 to 10 years 9,443.1 ft3/sec.
-Sdhematic'peak discharge for apillway
9,443.1 x 2.178 = 20,564.9 ft3/sec approx. 20,600 ft3/sec.

standard section

Spillway, which is of a overflow spillway with 4 flap gates of a
50-feet span, is 114.0 feet (T.G.R.) in height and 209 feet in width.
The design flood water (3,531.5 ft /sec of flood in a probability of 1 to
10 years) in the drainage scheme can be discharged by overflowing those

fiap gates. The flap gates overturn automatically in excess of 12].4 feet
(T.G.R.) of high-water level of reservoir. The design flood water for spill-
way can beldischarged at_the water level of 121.4 feet (T.G.R.) in a com-
pletely_ovefturned position of the flap gates. The discharged water over-
flowing spillway is introduced into the Nariva Regulating Reservoir though

a rabi and monsoon section of a open canal of a 520-feet-wide. Exhibit

I-5 shows the design of a sizable spil lway according to the above standards.

- Conveyance system

. A shortage of irrigétion-water should be filled up in the irrigation
area from the Cocal reservoir: Major facilities are the outlets of Jagroma,
8ois Neuf and_ortoiré'introducing water to the Plum Mitan Irrigatien Canal,
Bois Neuf Irrigation Canal and Ortoire Irrigation Canal from the Cocal
reservoir. The size of each outlet and canal for irrigation are different
accarding to the Spheré areas. The.structure and its cross-section of

irrigation canal and outlet are shown in Exhibit I-4.

Water quality

The probiem_of water quaiity should be studied on drawing up an irri-
gation plan of the Nariva area. It is of the utmost importance to decide
whether or ndtlthé pfeseﬁf water quality is suitable for irrigation water.
The current‘sufvey was made on saliﬁity, electric conductivity and pH-
value as shown in Table [-7. The water quality of this area was divided

into 3 kinds: @ (1) River water inflowing into the swamp area from the
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moutainous area; - (2) Water logged in the area; and (3) the water of

l'Ebranche river and the Nariva river facing Cocos Bay. Since the survey

was made from the middle to the end of dry season (March 24, 1969 to April
13, 1968), the rivers comnected to the Swamp area were in a shortage con-

dition of the water and the logged water in the area was considered con-

denced so that concentration of salinity and total salinity concentration,

which is closely related to electric conductivity, are at the peak.
and also it is assimed that the water was less than the average in L'Ebranche

River and the Nariva River which have their mouths on Cocos Bay. Therefore,

it is easy to regard the survey result as the one on the most severe con-
dition, in view of the water quality.

River water inflowing into Nariva swamp

From the Cuche River (W-1), the Canque River {W-3), the Navet River
(W-7) and the Bois Neuf River (W-8), 4 in all as representatives of rivers
of which waters inflow from the mountainous are into the swamp area, the

water was sampled. The results of the survey are as follows:

Midstream - Downstream Downstream Upperstream
- -of the Cuche of the Canque of the Navet of the Neuf
. River _ River River River
Salinity ~  "300-440 ppm  350-460 ppm 270 ppm 250 ppm
Electric . o . uv/em ~ uv/cm
conductivity 1,300 - 1,800  1,500-1,900 1,200 w/em 1,100 wv/em
pH-value. _ E - 6.6 . ' 7.1 - -

The rlver water 1nflow1ng from mountalnous area into swamp area is

concluded. to be sultable for 1rr1gat10n from the above data.

Existing logged water within Nariva swamp

Logged wﬁter was surveyed at Jagroma\(W-ZJ, along the Keranham Road
(W-5, W-8) in the waterway of Plum Mitam (W-9, W-10) and Dabllon Bason (W-13).

The resultslofithe sufvey-are as follows;

Il



Jagroma Plum Mitan Dabblon

salinity 1,150-1,600 ppm 320-500 ppm 720 ppm
Flectric ) . i

conductivity 5,300-4,000 pv/em  1,400-2,000 pv/cm 2,800 pv/cm
pH—value - 6.4-7.0 71

Judging from the above values, the logged water has almost no problem
except for water quality showing salinity of 1,150-1,600 ppm at the road
side trench of the Kerananham Road eastsouth of Nariva swamp area. Such
being the case crops, which are weak in the antisalinity, should be pro-
vided with fresh water for field irrigation during dry season, in order

that the crops may not be damaged by salinity.

River water draining into the Cocos Bay

The Nariva and the L'Ebranche river are only the two rivers that are
flowing into the Cocos Bay. The survey was made on water quality at 4 places
of the downStream‘(W-4) and the midstream tw-14) of the Nariva river and
also the midStream (W-1l):énd'the L'Ebranche river mouth (W—l?). The re-

sults of thé'éurvéy of the Nariva river are as follows.

Midstream of the - Downstream of the
Nariva river (W-4) Nariva river (W-14)
Salinity - - . 10,000 ppm 13,000 ppnm
Electric e : ' |
conductivity. | . 20,000 pv/cm _ 25,000 uv/em

In consideration of the vegitation condition of mangrove, around 4.4
miles from the Cocos Bay is considered effected by the tide. The present
Water quality of the Nariva river is not suitable for irrigation water.

On the other hand the results of the survey of the L'Ebranche river are as
follows, o
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Midstream of the L'Ebranche rfver
L'Ebranche river (W-11) mouth (W-12)

(A point intersected at

eastern main road)

salinity ' _ 11,500 ppm 13,000 ppm

| | pp
Eiﬁgﬁiiivity 22,000 uv/cm 25,000 puv/cm
pH-value | 7.5 7.9

The midstream and the mouth of the L'Ebranche river clearly show the

feature of a tidal compartment. Flesh water of the upperstream of the

L'Ebranche river would be introduced into the Nariva area in consideration

of utilization of the river water for irrigation.

However, consideration on the problems of construction costof waterway
and the decreased river water of the LTEbranche would make introduction of
fresh water info Nariva area unreasonable. After all, the river water of
the L'Ebranche and_the Nariva rivers is not suitable for utilization of
irrigation water. The surﬁey.period was so short that the survey was not
made on micro-element of chemical components such as boron, magnesium,

manganese and calcium,. The next survey will clarify the elements of these
chemical components. '

Agricultural community plan

By the development of the Nariva swamp area; large-sized agricultural
land will be reclamated, where many settlers are engaged in agricultural
and new villages will be borne. The establishment plan of village, there-

fore, should be made in anticipation of a long-term agricultural develop-
ment of the Nariva swamp area. : |
General plan

The development stage of the Nariva area is divided into the 1st and
the 2nd'stage5; The project area of the lst stage is a relatively high-
lying area_aldngiplum Mitan northwest of thé Nariva and ‘a central village
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is placed. " The new village shall be provided with a function of a control

center. The community plan includes production, administration, education,

purchasing, culture, recreation, for the purpose of which besides of the
housing plot, the land of 150 acres for the central villape and 100 acres

for ordinary villages should be secured. According to the spheres of

cultivation land, one village should be established around Bois Neuf and
the other one in the irrigable area.

Facilities and equipments

Agricultural production and public facilities which are to be provided

for a model village and 2 ordinary villages on the basis of the community
plan are as follqws:
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Farming
household -

Agricultural

production
facilities

Education

Purchasing
center

Adninistration.

Culture

Health and

welfare

Recreation
center

Public
facilities

Religious.
center

House with vege-
" table garden

Warehouse of
farm machinery

Agricultural
cooperative

Warehouse of

- agricultural

cooperative
Rice center
Motor pool

Distributing
facility

Agricultural
pilot farm

Primary school

 'Shop

village.officé

 Assembly hall

- Clinic

Park

- Athletic
‘ground

Water supply-
facility

Distribution center
Village road
" Church

~ Grave yard

Central
village
houses

200

e
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ordinary Total
villages 2
Quses per houses

village

200 640

7 21

1 3

1 3

1 3

- 1

1 3

- 1

1 3

10 30

- 1

1 3

- 1

- 1

1 3

1 3

1 3

1 3

2 O

1 3



Farm houses

e ——— -

In view of an enviromental improvement of village life and an effec-
tive utlllzatlon of public facilities, developed village, farm houses should
be grouped, separated from cultivation land and agricultural production
facilites, ‘Farm house is a type of high-standing base with a 0.5-acre

housing lot,

1 unit 1nc1udes agricultural machinery and implement for 450 - 500 acres
farming and the warehouse of farm machinery should be provided for 30 to 40
farm Houses for a storage of farm machinery and implements, covering 5,380
sq.feet per floor space.

Workshop of farm machinery

e e . e m e ——————————

The workshop of farm machinery should be provided for a central village
for repair and maintenance of farm machinery.

Rice center

Drying, cleaning and packing of rice, hulled rice storage, and packing
and storing of'MaiZe and'soybean are to be conducted. The rice center,
which should be establlshed according to the following seale in every

ordinary V111age should deal with the whole production of the village.

Floof_Space-',-_ . a : 14,200 sq. feet
Selectors of = |

raw materials ' 3.0 ton/hour 2 units
Dryer for unhulled N

Tice - N 2.4 ton/12-hour - 3 units
Container . fdr '

storage of unhulled 20 x 20 x 17 feet 15 pes.
rice - :

Ventilation

equipment : _ L : . 1 unit
Rice polishing | :

machlnery o _ -~ 2 ton/12-hour 2 units
Belt convayer N 1 units
Scale . ” 1 units
Electric equipment 1 units
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The scales of facilities are based on the following calculation.
* production quantity of paddy rice

Annual production quantity: 3,650 ha x 4.0 ton/ha = 14,600 ton
annual consumption of

farming household: 640 farming households x 10 persons per
household x 0.17 ton = 1,088 ton
Seedrice: : 3,650 ha x 0.15 ton = 548 tons

Loss of paddy rice in farm land:

14,600 x 0,02 = 292 tons
possession of paddy rice
per farming household: 1,088 + 548 + 292 = 1,928 tons

Annual rice storage is 50% of the whole production quantity deducted
from the possession of paddy rice of farming household.

(14,600-1,928)1/2 = 6,336 tons
6,336 x 1/3_5 2,112 tons per village

° Capacity of rice dryer

Number of days receiving paddy rice: 70 days
Production guantity per village: 12,672 x 1/3 = 4,224 tons
Received quantity per day: : 4,224 x 1/70 = 60.3 tons

° Capacity of rice polishing machinery
Production:quantity is preéessed within 6 months.
4,224 ton x_l/deays_x 6 months ..... Approx. 30 tons per day
° Storage of unhulled rice

Unhulled rice shQuld be Stored in a wooden-made container (6m x Gm x 5.5m)
with iron sheet plated. o

3,000 X 1/(6x5.5) = 90m 15 sets

] . .
Flnor'spaqe-of rice center .

Space 'for container for

. . _ - cdp 2
Storage of unhulled. rice _6.pcs X 90 m 540 m

Space for rice dryer - - 300 m?
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Space for rice pollshlng

machinery 100 m?
Other space 300 m?
Office space 80 m2

Total 1,320 m? (approx. 14,200 sq.feet)

Agricultural Experimental station shall conduct experiment, research,

guidance in services on crops specified in the Nariva area, (rice, maize and

disease, insect and cultivation machines.
For these, the following land and building are to be provided.

soybean) soils, fertilizer,

Trunk dlstribution water pipe should be installed from the end of the
existing water supply pipe line to the central and ordinal village though
Plum Mitan, from which the pipe lines are to be diverted to individual

houses and fac111tes

Extension of main water distribution pipe line: 10 miles

Extension of sub water distribution pipe line: 6 miles

will be_necessary[_

_—.....__...-_..--.-.u-__—...--_...—

Power, of which the distribution has already been installed on the
road from Nanzanilla to Mayaro, should be transmitted by branched lines to

flood gate, agrlcultural productlon fac111ty and village for the industrial
and domestlc utlllzatlon.

‘Extension of;main.péwe: distribution line: approx. 10 miles

Vlllage roads should be paved with pitch, which is a special product
of this country, from main road of the planned development area to each fa-
cility and - farm house of villages, Paved roads should be net 10 feet in

width ‘with an exten51on of approximately 5 miles.
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cost
e ——

The construction cost of an agricultural cooperative facilities es-

tablished in villages are as follows.

The public facilities, which are

anywhere essential to the settlement of farmers, are not included in the

irrigation project cost, but financed by the Budget of the Government

parm house T.T.$26,000 per farm house 640 farm houses T.T.$1,664,000
warehouse for farm _

machinery and im- 15,000 per warehouse 21 warehouses 315, 000
plements .

Rice center - 400,000 per units 3 units 1,200, 000
Warehouse 15,000 per warehouse 3 warehouses 45,000
Building of o

motor-pool . . 1 builidng 30,000
Building of o

motor-facility 1 building 30,000
Building of 1 building 200, 00D
agricultural

pilot farm Total:

3,484,000

The constructlon cost of rice center per unit with ground space was estimated

as follows:

Builidng of.rite center . . 14,200 sq. feet
Rice pollshlng machlnery .

(30 tons)  ” _ . . 1 units
Dryer for unhulled rice o

{30 tons) - : o . 3 units
Container for storage of _ .
unhulled rice o o 1o umis
Ventilation equipment ' ' 1 units
Machinery fofiselecting .

raw materials (3.0 ton/hour) 2 units
Automatic scale . ' 1 unit
Belt convayer . . . : : 1 unit
Power & eleﬁtric facilities . 1 unit

Total:
' approx.
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55,000
36,000

150, 000
10,000
10, 000

15,000
4,000
38,600

T.$397,800
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Table 1.2

Mean Precipitation during each 10 days

———— 3 Newland Estate Blche ‘Bush” Bush Camp Navetr Reservolr Damsite
recipi- Ratio : Precipi- Precipi- Mean Pre-
tation (%) 22.4% tation 31.0% tarion 46.6% cipitation
s 1 nches_ : inches inches inches . inches inches inches
jan. 1-18 0.94 3,2 . D.2) 0.86 0.27 0.63 0,29 0.77
11-20 0.78 7.6 0.17 0.71 ¢.22 0,52 9,24 0,63
7n-11 3,40 33,2 0,76 3.11 0.96 2.26 1,08 2.77
Sub-total 5.12 50,0 4.68 ' 3.4) 4.17
feb. 1-10 0,29 2.8 0.06 . - 0,26 0.08 5.19 0,09 0.23
11-20 0.38 3.8 D.09 0.36 0.11 0.26 0.12 0.32
21-28° 0.29 2.8 0,06 0.26 0.08 0.19 0,09 0.23
Sub-total 0.96 9.4 0.88 .64 0.78
Mar. 1-10 1,44 14,0 0,32 1.31 0.41 0.96 0,45 1.18
11-20 0.02 0.2 0.00 0.02 0.0l 0.01 0.00 5.01
231-31 1.18 11.5 0.26 1.07 0.33 0.78 0,36 0,9%
Sub-total 2.64 25.7 2.40 .75 2,14
apr.  1-10 0.95 9.3 0.21 0.87 0.27 0.63 0.29 0,77
11-20 0,23 2.2 8.05 0.20 0.06 0.15 0,07 0.18
21-30 0.35 3.4 0,08 0.32 0.10 0,23 0,11 0,29
Ssub-total 1.53 14,9 . 1.39 1.01 1,24
Total -10.25 106.0 5.35 6.81 8,33
way  1-10 o.21 0.3 0.05 0.07 0.02 0.20 a,09 0,16
11-20 0.18 0.2 0.04 0.18 0.06 0,14 0.07 8.17
21-31 2,15° 2.9 0.48 1.41 0.44 1.98 0,92 1.84
Sub-tatal 2.54 3.4 1.66 2.32 2,17,
June 1-10 5.34 7.0 1.20 2.51 0.78 4.77 2,22 4,20
11-20 2.76 3.6 0.62 2.77 0.86 2.46 1.15 2.63
21-30 1,98 2.6 0.44 1.87 0.58 1.77 9.82 1.84
Sub-total 10.08 13.2 7.15 9.00 B.67
July 1-10 5,35 7.1 1,20 5,14 1.59 4,84 2.26 5.05
11-20 6,46 8.5 1.45 3.12 0.97 5.80 2.70 5,12
21-31 . 1.34 1.8 0,30 2.16 0.67 1.23 0,57 1.54
Sup-total 13.15 174 10.42 11.87 11,71
Aug. 1-10 4,50 - 5.9 1.01 31.47 1,08 L4802 1,87 3.96
11-20 1.56 2.1 0,35 1.71 0.53 1.43 0.67 1,55
21-31 1.92 2.5 9,43 1.78 0,55 1.71 0.80 1,78
Sub-total 7.98 10.5 6.96 7.16 7.29
Sep.  1-10 6.51 . B.6 1.44 6.38 1.98 5,87 2.74 6.16
11-20 3013 4.1 6.70 2.35 v.73 2.80 1.30 2.73
21-30 1.48 2.0 0.33 . 2.23 0.69 1,36 0.63 1.65
Sub-total 11.12 14,7 - 10,97 10,03 . 10,54
fer, 1-10 416 ‘5.5 . 0.93 2,90 0.90 3.75 1.75 3.58
.20 . 3,07 4.1 0.69 1.81 0.56 2,80 .30 2.55
21-31 5.41 7.1 1.21 8.35 2.59 4.84 2.26 6,06
Sub~total 12,64 16,7 13,06 11,39 . J2.38
Sov, 1-10 1,90 2.5 0.43 2.08 0.54 1.70 0.79 1.86
1-28 - 9.9 1.3 0.22 - 0.76 0.24 0.89 0.41 0.87
21-30 10.79 14,2 2,42 ~10.94° 3.390 9,69 4.52 10,33
Sub-total 13.65 . 18.0 13,78 12.28 13.06
e, 1-10 D76 3.6 0.62 1,83 0.57 2.45 1,14 2,33
11-20 0,59 0.8 0.13 0.77 0.24 0.55 0.26 0.63
21-3] 1,25 1,7 0.28 0.51 0.16 1.16 0.54 0.98
Sb-total - 4.40 6.1 311 4.16 3.94
Total 75.76 " 100.0 67.11 68.21 69,57
Grand Total g6 a1 . D 953 . 75,02 77.90
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Table 1-5

Estimate of Inflow

Mean Pre- Runoff Effective In€
cipitation Ratio Precipitation ntlow
inches % inches acre-feet
Jan. 1-~10 0,77 0.16 1,039
11-20 0.63 21.D 0.13 844
21-31 2.77 0,58 3,767
Feb. 1-10 0.23 0.03 195
11-20 D.32 14.0 0.04 260
20-28 0.23 0.03 195
Mar. 1-10 1.18 0.0
11-20 0.01 0 0.0
21-31 0.95 4.0
apr.  1-10 0.77 0.0
11-20 0.18 0 0.0
21-30 0.29 0.0
May i-10 3,16 0,02 130
11-20 0.17 10.0 0.02 130
21-31 - 1.84 0.18 1,169
June 1-10 4,20 1.43 9,289
11-20 2.63 34.0 0.89 5,781
21-30 1.84. 0.63 4,092
July  1-10. 5.0§ 2.12 13,771
11-20 5,12 42.0 2,15 13,965
21-31 1.54 : 0,65 4,222
Aug.  1-10 3.96 1.11 7,210
11-20 1.55 . 28.0 0.43 2,743
21-31 1.78 0.50 3,248
Sep,  1-10 6.16 1.72 11,172
11-20 2.73 28.0 0.76 4,937
A T 1.65 0.46 2,988
Det.  1-10° 3,58 1.36 8,834
11-20 2.55 38.0 0.97 6,301
21-31 6.06 2.30 14,940
Nov. 1-10 1.86 0.48 3,118
11-20 0.87 26.0 0.23 1,494
21-30 10.33 2.69 17,473
Dec, = 1-10 2.33 - 1.00 6,496
11-20 0.63 43,0 0.27 1,754
21-31 - 0.98 0.42 2,728
Total 77.90 23.76 154,335
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Table I-6 Estimate of Net Reservoir Capacity

(1} L2} Trrigation Water Requirement

-~ Inflow Fields Paddy Total fe- (1)-(2) Cumulative
(acre-  Effective Water Re- Effective Water Re- quirement ‘2FYC: value
feet) Precipitation quirement Precipitation quirement feet} (acre-feer)
{1inches) (acreZfeet) (inches) {acre-feet} (acre-feet)
1 . 150 Paddy 100%
- 130 -18,445
May 11-20 130 5.96 4,499 4,479 .4,349 22,794
21-%51 1,169 6.535 4,923 4,923 -3,754  _26.548
1-10 9,289 ' 3.17 2,383 2,383 6,906 226,500
June 11-20 5,781 3,17 2,383 2,383 3,398
21-30 4,092 3.18 2,390 2,390 1,702
1-10° 13,771 ' 1.82 1,368 1,368 12,403
July 11-20 13,965 1,82 1,368 1,368 12,597
21-31 - 4,222 : 2,01 1,511 1,511 2,711
1-10° 7,210 3.35 2,518 2,518 4,698
Aug, 11-20 2,793 3.35 2,518 2,518 275
21-31 3,248 3.68 2,766 2,766 482
1-10 11,172 1,51 1,138 1,135 10,037
Sep. 11-20 4,937 1.51 1,135 1,138 3,802
21-30 2,988 1.52 1,142 1,142 1,846
1-10 8,834 _ 8,834
COet. 11-20. 6,301 Harvest Time 6,301
21-31 14,940 ' 14,940
1-10 3,118 Meize - - 25% Paddy 50% 3,118
Nov. 11-20 1,494 '~ Soybean 25% 1.26 473 473 1,021
21-30 17,473 1.26 " 473 473 17,000
1210 6,496 : 4:36 1,638 1,638 4,858
Dec. 11-20 . 1,754 _  0.60 225 . 4.36 1,638 1,863 - 108
21-31 2,728 0,67 252 4,79 1,800 2,052 676
1-10 1,039 0.45 © 169 : 4.28 1,608 1,777 - 738
Jan, 11-20 844 - 0.45 169 4,28 1,608 1,777 - 933
. 21-31- 3,767 049 0 184 C4.72 1,774 1,958 1,809
1-10 - 195 2,35 _ 883 6.14 2,307 3,190 -2,995 -2,095
Feb. 11-20 260 . 2,35 883 6.14 2,307 3,190 -2,930 -5,025
21-28 . 185 1.80 CT10 4,92 1,845 2,555 -2,380 -§,28%
1-10 - - 2,04 767 5.97 2,243 3,010 -3,010  -11,295
Mar. 11-20. 2.04 - 767 5.97 2,243 3,010 3,010  -14,305
21-31- : 2,25 ToBde 6.58 2,473 3,319 -3,319  -17,624
S1-10 '2.53 - . 951 951 -951  -18,575
Apr. 11-20 o N - 0 -18,57s
i 21-30 . ‘Haryest Tlme : 0 —18:575
Total” - 154,335 s _ 60,724
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Appendix J
Geology and Foundation

Geological Qutline

The northern half of the Nariva area is a central uplift area being
composed of relatively old formations of the Cretaceous and Paleogene of
Tertiary Systems. The north-western side is covered by moderately lower
member of the_Palébgene.

The southern half of the area forms a very flat low land, inwhere the
Nariva Swamp spreads out.

Many rivers and streams pour into the swamp through watershed area of
said gedlbgigal systems. The watershed area consists of relatively old
formationé; the Cuche Member of the Cretaceous System, the Paint-A-Pierre
Member of the.Paleogene-Eocene and the Brasso Member of the Neogene. The
Nariva_Membér of the 01igocene forms the low hilly land in the western
area. 2Rela;iQSIY_young formations, so—éalled the Lengua and Cruse Members
of the Miocene compose slanting hilly land in the southern area. Aleng
the Cocd$ Béy;{sandbank_extendsl in the form of spit, to the south-north
directidn'aﬁd prevéﬁts“drainage from the inland area., At the inside of
sandbank, flat:alldvial'plain'developes consisting of muddy deposits which
are'cultivéted_by'the.rivers flowing through the mountainous land behind
the Nériva'éwamp. The alluvial plain located close to the sandbank is
under wcféé'drainage cbhdition as the ground surface of the plain is around

the seaulevel,:fA part of the swamp forms tidal compartment.

Foundation Investigations

At the points:shoWn in Exhibit J-1, the geological investigations were
made tO'clafify:cbnditidn”of fouhdati0n of major structures for the project.
Permeability and penetration tests and undisturbed sampling were performed
onthe'five,boreehoies;w Three test'pits‘were_digged and a series of soil

test was'gafried_out on the samples from the pits.

J=-3



Subsurface Exploration

To grasp the condition of foundation of the ma

jor Structures, five bore-
holes of 175 ft in total lengths were drilied.

Permeability and standard
Ting in each hole. The per-

re listed in Table J-1. The
depth taken, color and classification of samples from

penetration tests were madg together with the co
meability and penetration resistance (N-value) a
the holes are shown
in Table J-2. Table J-3 shows physical properties of
Table J-4 ié physical properties of samples taken from
sampling tube. Exhibit J-2 shows the result of grain
samples from the Hole Nes. 1, 2 and 5.

The drilling and sampling for the subsurface exploration were carried
out by the Drainage Department of the Ministry of Works.
were performed by the University of West Indies.

The s0il tests

Surface Exploration

For the_éurface exploration, soil samples were taken from three test
pits of-1;64.ft (O.SO m) deep each. Table J-5 shows the result of physical
tests; grain-size analysis, specific gravity, and moisture content, made
by the University of'West Indies.



All borings are plotted to a scale of 1" = 8 fr,

No.l
N-Value
o 1
@ed Br Sand ' '
Y ;
: !
1.5 P16
Med Grey Sand ' t
i
7.0 2.
Med Grey Sand i
§ Shells 17
14,0 !
Coarse Grey Sand : 17
Large Gravel P2
17.0 f
: 60 -
P4
| f
i :
|
i :
| 60 ]
] -E"i
? !
b
! ]
j 60 |
R
S !
Very Hard Grey ; i
Clay Fine Sand : I
Little Sitt - { :
: ;. 60
i 6 i
1 ;
A ¢
12
) 6
60
4
!
{
60
50,01 ... I

Tricd For Sample at 141 § 15°
fo Sample Due to Large Gravel

Drove 18" Casing Very Hard

Driving

Table J-1

Geclogical Log of Bare Hole

Classifications are made by visual inspection.

Water levels (WL}.

completion of- boring.

Tings were made,’ or as noted.

ofrainfall,

Figures
drive P

Figure indicates time of reading (hours) after
Water. levels indicated are those observed when
Poresity of the soil strata, variations
site topography, etc., may cause changes in these levels.

in right hand column indicate number of blows required to

0.0, sampling pipe one foot, using 140-1b. weight falling 3D inches.

) j.'f 5

Date: May 1969
No.2 No.3
0 = e N-Value o N-Value
i F“'__"ﬁ"'”""“""“'}‘ﬁ“““]
Seps
'gigii B; glay ; !SoFt Med Grey :
- of Sead .8 : Br Clay )
.2
i
il ; : 2
3.5 e :
 Stiff Br Grey Clay § S
13 Lo
| -
14.5 : i :
. .
" Soft Med Grey . 16.0 e |
- Clay Trace of Sand 5
. § Silt
: : No Water in Borehole But
N i C
20.0 ; lay Damp
: i
: 50 ! Permeability
: E No.l Hole
; i 5' o Water
; Med Grey Sand : 30 Fill Hole with Water
; : 3 15 Minutes 1.3' 9.6110" Scm/sec
: : 10'10 " 1"
: : 15 v ar 1.2¢107%
l 1510 L 2u
; ; : 15w ER ST A
5 (350 20m18 e 4 1.6x1075
: ; . 25'15 ¥ 6" 2.4x107% =
; i 30018 » 7" 2.8x1075 v
L | ] at " -5
< 197 35115 5" 2,0x10 '
33.0 2 40015 4" 1.6x107%

_ 45115 ¢ 5" 2.0x1073
4126" - Shelby No.1 2Mx24 50115 ¢ 5" 2.0x1075 v
g9r-11". Na.2 2mx2q" After Completing Boring Water

IR No.3 2Mx24v Stayed at Tep of Hole for 3 Hrs
o Water Level 3' After 16 Hrs.

l1g9r-217 No.4 21x24"

16" Water Level

- 5' 15 Minutes 3" 2.2x10 %cm/sec

10' 15 u an .3_0)‘10-6 "

-~ 1515 M 5 3,7x1076 n

20" 15 i 6" 4.4x10-6 0

Total Footage 119

Foreman BASANTA

Sheat 1  of 2

Classification by _F SCHEID




Table J-3

Geolagical Log of Bore Hole (contrd)

all borings are plotted to a scale of 1M = 8 feet. Date: May 1969
No.4 _ Na.5
' N-Valye N-Val
~Value
0 ] 0 o
; . L - , { Permeabilitz
; : Pos { . No.S Hole
3 la ! : ) ' ;
Med Br Clay i . i Med Br Sand o 5' 10 Minuteg 1r-gv
: : ; ‘ I5 " 27-6" 1, 4x1070
o | IR T v e
l6 . o1z , 15 " 416" unpermeable
0 e " 8.0 ‘. B0 g
v t . . ""_u.\_'-_'-'_"—_"_“__——'\—ﬁ"*‘ i "
8,0 é ; ; : . 15 4'-6" unpermeable
i : : " '
P2 Med Coarse Grey 10 - : " s
| : } 10 3t.gu
; 3 Sand & Shells : 15 I 31-8" 1. 1x10-5
! ! ; . Qg w5 oOTTeRssee
. : i 13.0 . L . | 15 " 2'-2" unpermezble
Soft Grey Clay : : ; et 1o " 3r-gn
| . : ' " -
. 4.5. Coarse Med Grey . 16 ! 351 12 .‘e 3.'_6.. 6807 5cm/ sec
i © Sand § Shells } 10 " i|:gu
! : i i 15 " 4r.6n -4
! 18.0 - ‘ ! 00 10 0 g PI0Themsse
|
} . . 'j ' 15 " 216" 6, 8x10™5em/see
4 1 Med Br Sand 10 i 43 5 " 21-om
| § Shells : noon B
.0 - - : o : = Iiom gegn
. ] i 12.0 ; 18 u 4‘-2“ 1.4x10 " %em/ sec
S5tiff Grey § Br ; o : 50' 3 " 21 g
Clay Trace of Sand| 27 i : 10 " g
. : . . ! 15 " Lroge
} 3 | ) 16 17 n gign
6.0 i 20 L] Sr_gn
K Fine § Med Br ; 23 " Su;ﬁu
Dry Hole No Water’ Grey Sand g Shells :
: y ;‘l 14, ! Water Level In Hole §'-g" Pulled 57-g"
4 ] i .
; : i Pulled Lasing to 20 Water Level was 5'-g"
i i u LL] " 15 1 " 3r1.om
5 : " i "0 n " . Ftaow
\i : All Casing Out of Hole " " at  3'-2¢
: i i
: {15
o Lo
" 38.0 Lﬁ____
.- | Fine to Coarse | 17
: : _ Grey. Sand ;
: ' : i
Med to Fine. 5
i Grey Sand P16
‘ i
; {
48.0
R Fine Grey Sand
50.¢0
" Had to Drive 49 Cising Due ta Sand
Qassifications are made by visual inspection, .
Hater 1 : o : S Total Footage 76
) a.er levels (WL), " Figure indicates time of reading (hours) after
Il;n;l:“ Of boring, . Mater levels- indicated are. thoge observed when Foreman _ ST CLAIR
Ainfalt Critaade, or as noted, Porosity of the sgil strata, variations of Classification by ¥ SCHEID
i Figﬁr:;t? topography, ete., may csuse changes in these levels, " Sheet 2 £ 3
e 25 o i right. hand column indicate number of blows required to e — =
- Y. samplipg Pipe one’ foot, using 140-1b, weight falling 30 inches,
J~-6




Table J-2

Split Spoon Samples - Sample Identification and Descriptions

Hgé? Sagg?é Depth Description
T 1 2t - 31 moist light brown uniform fine sand

1 2 41t - 5 moist light brown uniform fine sand
1 .3 6" - 7! wet grey uniform very fine sand
1 4 ar - 1o wet grey uniform very fine sand
1 5 19'-1g9t.-4" dark grey silty clay (disturbed)
1 -6 241-24'.g" hard dark grey dry silty clay
1 7 29'-29r_5" hard dark grey dry silty clay
1 8 34'-34"-g" hard dark grey dry silty clay
1 9 39'-39'.6" hard dark grey dry silty clay
1 10 44'-447-4" hard dark grey dry silty clay
1 11 491 -6"-50 hard dark grey dry silty clay
2 1 2r - 3 Stiff light brown clay
2 2 6 - 7! stiff clay light grey with brown mottlings
2 3 i1v - 12+ Stiff clay light grey with grave sommlings
i 4 16 - 17 dark grey organic clay
2 - 21 - 22 light grey uniform very fine sand
2 6 24i.— 251 light grey uniform very fine sand with

. _ : inclusions of black uniform very fine sand.
2 7 29" - 30 light grey uniform fine sand with pieces

. o of shale
2 8 32" - 33! light grey uniform fine sand with occa-

: sional piece of shale

3 1 21 - 3t iight grey clay with rust brown inclusions
3 2 4'v - 5! iight grey clay with rust brown inclusions
3 3 ' -.6' -7 soft grey clay with rust brown inclusions
3 4 or . 10" soft grey clay with rust brown inclusions
3 5 grey and rust brown clay




Table J-2

Split Spoon Samples - Sample Identification and Descriptions (cont'd)

M Mo Depth Description
4 1 2‘ - 3 rust brown and mottling grey clay
4 2 4' - 5¢ rust brown and mottling grey clay
4 3 6' - 7 rust brown and mottling grey clay
4 4 9' - 10 soft grey and brown clay
4 5 14" - 15° soft grey and brown clay
4 6 19' - 20! soft grey and brown clay
4 7 23 - 24 light grey clay with purple inclusions
4 8 25" - 26 light grey clay with purple inclusions
5 1 2r -3 grey and brown uniform fine sand
5 2 4r - g grey brown uniform fine sand
5 3 6t - 71 grey brown uniform fine sand (wet)
5 4 9' ~ 10! dark grey organic fine sand with small shells
5 5 141 - 15! ~dark grey organic fine sand with small shells
5. 6 19Y - 200 grey uniform fine sand trace of shells
5 -7 247 - 25! grey uniform fine sand trace of shells
g 8 29' - 30 grey brown fine sand, trace of silt,
o cccasional shell
5 9 341 - 35 grey brown uniform fine sand trace of silt
5 10. 39' - 400 g;eyhbiown very fine silty sand, trace
: - of shells
5 ;1 441 - 45! grey brown very fine silty sand, trace
_ : of shells
5 i2. very fine brown silty sand trace of clay




Table J-3
.Splits Spoon Samples - Soil Tests

Hole  Sample Depth Water . L@qgid Plastic  Plasticity
No. No. : Content %  Limit % Limit % Index %
T 247-2416 12.2 37.4 17.1 20.3
] 291-291.5" 10.4
1 9 390-39%6m 10.4 38.1 20.5 17.6
1 10 44'-441-4v 10.9
] 11 4971-6M-50! 10.6 _38.6 22.2 16.4
2 1 21-3" 22.1 51.7 22.8 28.9
2 2 617" 27.9
2 3 11'-12' 23,3 72.5 32.1 40.4
2 4 16117 68.3 84.4 49.4 35.0
2 5 211-22" 21.4
2 6 2471.25 24.2
2 7 29'-30" . 16.3
2 8 . 32133 - 20.5
3 1 213 36.8
3 2 arisy 38.1 91.1 37.6 53.5
3 3 6.7t 42,2
3 4 9t.10" 46.8 89.2 41.8 7.4
3 5 | 29,2 49.3 23.1 26.2
4 1 2130 30.1
4 2 4.5t 23.4
4 3 6.7 126.1 67.1 29.1 38.0
4 4 9r-10" .~ 33,5
4 5. 14'-15' - 26.3 74,7 23.2 51.5
4 6 19'-20° 27.0
4 7 231241 17.9
4 g 251261 13.8 30.4 13.6 16.3
512 2

22, Non Plastic

|
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Appendix K
Project Cost
General

In the contents of Appendix K, construction cost and operation §

maintenance costs are calculated on the basis of the planned development

Each cost is described in the classification of a foreign exchange currency

compenent and local currency every stage in the process of the project con-

struction. The calculation of each cost depends upon basic data of con-

struction materials, machinery and recent wage in this country,

Basic Data

The caléulation of the project construction cost depends upon basic
data of wagé and construction materials on the basis of the fact-findings
made by Inter-American Development Bank, October 1968 and April, 1969,
Construction machinery should be imported on terms of C.I.F. price of April

L)

1969, The basic data was shown in Table K-1.

Construction Cost

Interest during a ?éfioﬂ of the project construction works is not
included in a total'of construction cost. Table K-2 and K-3 shows stage-
wised construction cost in the process of the project construction works .
Tablé:K-4'show$ tﬁe breakdown of each structure of stage-wised construction

cost. -

Construction Cost in TT$1,000

1st stage TT$5S,100
2nd stage 9,170
. Total: TT$14,270

: . ' \ i sed
" Construction cost is involved in the scale of Cocal Reservoir ba

; ' - ; i is shown
on cropping pattern. Projected cropping pattern is case II as 1s

below.



Cropping Pattern Total Dam Con Proj
. - roject
Rainy Sea-  Dry Season Reservoir DaT struction Congtructim
son Paddy Paddy Maize Soybean Capacity Volume Cost Cost
. acre-feet yd? S <
Case I 100% - 50 50% 20,900 1,174,000 1,371,800 15,584,000
Case II 100% 50% 25 25% 35,100 1,761,000 1,960,080 16,314,000
Case III 100% 100% - - 53,200

2,348,000 4,200,000 19,114,000

Foreign Exchange Requirement

A foreign exchange component is used for the purchase of construction

machinery and materials in the project construction works.

Construction

cost shall be covered by local currency and a foreign exchange component

as shown in Table K-5 and K-6.

Local currency

1st stage - $ 2,830
2nd stage 4,800
Total $ 7,630

Foreign exchange
CUurrency component

Unit:; T.T.$1,000
Total cost

$ 2,270
4,370
$ 6,640

Operation and Maintenance Costs

$ 5,100
9,170
§14,270

The coopefative organization should be in charge of the operation of

the planned developmeﬁt, the maintenance and management of the project facili-

ties."Thé-COSts'such as repair and sweeping of large-sized Cocal Reservoir

and Nariva Régulating Reservoir by machinery, maintenance of irrigation and

o : o i 5
drainage canals by manpower and annual cost of gate to be amortized over 2

years are included in the operation and maintenance cost.

e



Table K-1

Basic Data for Cost Estimate

Wages

Construction Helper

Mason lst Class
2nd Class
Foreman
Driver grade I
grade Il

Bull-dozer Operator
Heavy

Med.
_Light
¥elder grade I
grade 11
Carpenter 1st Class
2nd Class

Materials

Portland Cément {Ton)

Local Currency

[ R ¢ R

R B B S I« S S Y

Steel Reinforcing Rods (Ton) 430

Fabric Reinforcement (Ton) 492.
Ready Mixed Concrete

1:1% .3 (Cub.yd) 32,

1:2:4  (Cub.yd) 29,

26.

1:3:6 - {Cub.yd)

(per Day)
.25 - 6.
.69 - 8
.21 - 7
.91 - 11
.21 - 7
.77 - 7
.35 - 10,
.21 - 8
77 - 7
.69 - 8
21 - 7
.69 - 8
.21 - 7

50.60

.00

80

20

60
20

61

.05
.57
.01
.57
.13

35

.13
.57
.05
.57
.05
.57

(Average)

3.

N

S PR T * A 3

25.3

215

246.

U:S. boljar

21

.70
.83
.98
.70
.47

.00

40

Remarks
Sl lhs

Inter-American
Bank Data

- ditto -
- ditto -
- ditto -
- ditto -
- ditto -

- ditto -

- ditto -

- ditto -
- ditto -

Inter-American
Bank Data
Local

Import
Impert

Ministry of Works
in Trinidad
Local

- ditto -
- ditto -



Aggregates

Gravel for Road Base (Cub. yd) 6.50
Grédel Gravel for Concrete (Cub.yd) 8.50
Sharp Sand for Concrete (Cub,yd) 8.50
Gasoline Regular (Gallon) (.56
Extra (Gallon) 0.73

Diesel oil (Gallon) 0.31
Lublication o0il (4 gall. Tin) 5.56
Local Currency U.S

Timber :
Rough Mora (2" x 4" x 1ft)

Dressed Mora (2" x 4" x 1ft)
Water Quay (bd. foot)

Green Heart (bd. -foot)

Machlnes .

Shovel (0.6 m3 Buckets)
Bulldozer (17 ton Operating Weight)
Dozer-Shovel (1.5 m? Buckets)

Motor Grader (11.5 ton Operating
weight)

Road Roller (Tahdem Type)
Jamplng Roller (Double Drum Type)
Dump Trucks (6 Ton Capac1ty]
Servicing Truck

Inspectlon Car

. Dollar

.20

.40
.30
.50

29,000 (CIF Port

25,000
25,000
23,000

9,500
4,000
7,000
4,000
3,000

(
(

do
do
do

do
do
do
do
do

Ministry of Works

in Trinidad
LLocal

- ditto -
- ditto -

April 1969 in

Trinidad
Local

- ditto -

- ditto -

- ditto -

Remark

April 1969 in

S

Trinidad

Local

- ditto -

- ditto -

Import
of Spain) Import
) - do -
} - do ~
) - do -
) - do -
) - do -
) - do -
) - do -
) - do -



Table ¥-2

Construction Costs at 1st Stage

ITEM

Temporary Road

No.2 D. Canal

No.3 D. Canal

No.4 D, Canal

Turure Cuf

Cocal ReserOir

Spillway

Qutlet Warks

Cocal Cut

Plum Mitan I. Canal

Bois Neuf I. Canal

Ortoire I. Cénal

X0.3 D, Canal

No.4 D, Cénai °

No.5 D. Canal

Lateral CahalS“E.Others
Sub-total

Contingencies - (10%)

Engineering & Administration

| Total

$
$
$
§
$

$
$
3
$
$
$
$
$
$
$

£

UNIT PRICE

1,380/100  FT
840/100
950/100
950/100

13,980/500
5,160/100
500,000/each
15,000/each
4,650/100
140/100
1,110/100
100/100
950/100
950/100
950/100
161/acre

AMOUNT

15,000
3,200
3,100
3,700
1,500

38,000

1
4

11,500
9,800
6,800

19,700
7,900
7,000
7,200
2,250

TOTAL COST

FT 208,500
26,880

29,450

35,150

41,940
1,960,800
500,000
60,000
534,750
13,720
75,480
19,700
75,050
66,500
68,400
362,250
54,078,570

ACTes

407,857
611,785

5,008,212

Rounded to T.,T.% 5,100,000



TR ——— s e

Table XK-3

Construction Costs at 2nd Stage

ITEM

Nariva Regulating Res.
L'Ebranche Barrage
L'Ebranche Cut

Closing of Nariva River
Turure Cut

No.1l D. Canal

No.2 D. Canal

No.3 D. Canal

No.4 D. Canal

No.5 D. Canal

Sluice Ways

Bridges

Plum Mitan I. Canal
Bois Neuf I. Canal
Lateral Canal.§ Others
Land Expropriation

Diversion Road

Sub-total'

Contingencies (10%)

Engineering § Administration (15%)

Total

UNIT PRICE AMOUNT
$ 3,200/100 FT 52,500

1
$35,390/100 7,200

1
$13,980/500 28,000
$  740/100 5,700
$§  840/100 9,700
$ 950/100 10,100
$ 950/100 10,700
$ 950/100 10,500
$30,000/each 5
$ 8,000/each 9
$ 140/100 5,700
$ 1,110/100 24,400
$ 16l/acre- 6,173

1
$ 1,390/100 4,400

Rounded to

TOTAL COST

FT 1,727,250
270,000
2,548,080
15,000

782,880

42,180

81,480

95,950

101,650

99,750

150,000

72,000

7,980

270,840

acres 993, 853
12,000

61,160

$7,332,053

733,205
1,099,807

$9,165,065
T.T.$ 9,170,000



Table K-4

Basic Data for Each Stage Costs

Main Road (per 100 feet)

ITEM AMOUNT UNIT  UNITPRICE COST

Excavation by Bulldozer 851 yd3 50 ¢ 425 .50
Embankment of Road 481 yd?2 15 ¢ 72.15
Road Metal, Tran and Place 222 yd? $ 3.00 666. 00
Gravel, Trans, and Place 74 yd3 $ 3.00 222.00
Total $1,385.65

Rounded to $1,390,00

No. 2 D. Canal (per 100 feet)

ITEM AMOUNT UNIT ~ UNITPRICE cosT

Weeding and Uprooting 277 yd2 15 ¢ 41.55
Excavation by Dragline 503 yd3 60 ¢ 301.80
_Embaﬁkmehf‘éf‘Road C : 303 yd? | 15 ¢ 45.45
Road Metél:Trans and Place 111 yd? $ 3.00 333,00
Gravel, Trans and Place 37 yal $ 3.00 111.00
. Total L | $832,00

. Rounded to o $840.00

No. 3. D. Canal (per 100 feet)

ITEM AMOUNT UNIT  UNITPRICE cosT

Weeding and'Uprbbting "_' _ 344 yd? 15 ¢ 51.60
Excavation by Dragline . . 681 yd3 60 ¢ 408.60
Enbankment of Road 303 yd? 15 ¢ 45.45
Road Metal, Trans and Place 11 yd2  § 3.00 333.00
Gravel; Trans and Place ' a7 yd? $ 3.00 11100
Total ‘ : 5949, 65

Rounded to | | $950.00




Turure Cut_ (per 500 feet)

ITEM
Weeding and Uprooting

Excavation by Dragline

Embankment of Road

AMOUNT

344
681
303

UNIT
yd?
yd?®
yd?

UNITPRICE
15 ¢
60 ¢
15 ¢

Egsic Data for Each Stage Costs

ITEM

- Sub-Total
Road Metal, Trans and Place
Gravel, Trans and Place
Berm Inlet

" Sub-Total
Temporary Work

~ Total
Overhead |
Grand Total.

Roundéd to

Cocal Reservoir (per 100 feet)

ITEM

Weeding and Uprooting
Excavation by Bulldozer
Embankment of Dike
Embankment of Road

. Sub-Total
Road Méﬁal,Trans.énd Place
Gravel,Tréhé anq‘Place

Total ' _
Temporary_Wofk "  
 ”jTota1f..

AMOUNT

1,11

1

370

1

UNIT

yd?

yd3

$7,387.95 x 5%

$12,700.34 x 10%

AMOUNT

1,435
4,174
3,495

638

222
74

UNIT

UNITPRICE

$ 3.00
$ 3,00
$500,00/each

UNITPRICE
yd? 15 ¢
yd3 50 ¢
yd? 25 ¢
ya? 15 ¢
yd? $ 3.00
yd3 $ 3.00

$ 3,271.70 x 10%

COST
51.60
408.60
45.45

COST

$ 7,387,
3,333
1,110

500,
$12,330.
369,
$12,700,
1,270,
$13,970,
$13,980

COST

215
2,087.
873,
95,
$3,271.
666 .
222.
54,159,
327,
§4,486.

95

00
.00

00
85
39
34
03
37

.00

25
00
75
70
70
00
00
70
17
87



Overhead .' - $ 4,486.87

x 15%
Grand Total
Rounded to
Cocal Cut (per 100 feet}"
ITEM . AMOUNT UNIT
Weeding and Uprooting 2,444 yd?
Excavation by Bulldozer 5,366 yd®
Embankment of Dike - 4,169 yd?
Sub-Total
Temporary Work $3,674.95 x 10%
 Total
Overhead =~ $4,042.22 x 15%

Grand Total
"Rounded to

Plum Mitan Canal (per 100 feet)

S ITEM AMOUNT UNIT
Weeding and Uprooting 138 yd?2
Excavation by Dragline 133 yd3
Embankment of Dike : 237 yd2

Total . '

Rounded to
Bois Neuf I. Canal (per 100 feet)

SITEM AMOUNT UNIT
Weeding and Uprooting 155 yd?
Excavation by Dragline 166 yd3
Embahkmeﬁf of Road. _ 600 yd?
Road Metal Trans and Place 222 yd?
Gravel, Trans, and prace 74 yd®

K -11

UNITPRICE

15 ¢
50 ¢
15 ¢

UNITPRICE

15 ¢
60 ¢
15 ¢

UNITPRICE

15 ¢
60 ¢
15 ¢

$ 3.00

$ 3.00

673,
§5,159,
$5,160,

COST

13
90
00

366,
2,683,

625

60
00

.35
$3,674.

367,
$4,042.

606,
$4,648.
$4,650.

a5
49
22
36
80
00

COST

20
79
35

.70
.80
.55

136,
$140,

05
00

COST

23.25

99

90.
666,
222,

.60

00
00
00



Total:
Rounded to

Ortoire I. Canal (per 100 feet)

ITEM

AMOUNT
WGeding'and Uprooting 122
Excavation Dragline 103
Embankment of Dike 122
Total
Rounded to

Lateral Canal and Others (per 48 acres)
Lateral Canal
Weeding and Uprooting 4,106
Excavation by Dragline 2,346
Embankment of Dike . ‘. 2,845

‘_Sub-Total" '
Farm Road
Excavation by Bulldozer 1,173
Embankment of Road - 1,201
Road Metal, Trans and Place 440
G:aVei Trans, and Place 146

~ Sub-Total
Pipe Culverts and Check Gates |
Farm Bridges - $300.00/each
Borders.. :
Exéavatibﬁ.by Bulldozer 586
Embankment of Border 2,816

Sub-Total- '

K - 12

$ 1,100.85
$ 1,100,00
UNIT UNITPRICE COST
yd? 15 ¢ 18.30
yd?3 60 ¢ 61.80
yd? 15 ¢ 18.30
$98.40
$100.00
yd? 15 § 615,90
yd3 60 ¢ 1,407.60
de 15 ¢ 426,75
2,450,25
yd3 50 ¢ 586,50
yd? 15 ¢ 180.15
yd? $ 3.00 1,320.00
yda $ 3.00 438.00
2,524.65
1,600,00

1
1 60.00

x3
yd3 50 ¢ 293.00
ya? 15 ¢ 422.40
715.40
$7,350, 30



overhead o $ 7,350.30 x 5%

Grand Total
Rounded to

Per'acre_ _ _ 7,728.00/48 acres

Nariva Regulating Reservoir (per 100 feet)

ITEM AMOUNT UNIT
[xcavation by Bulldozer 4,672 ;EE*
Embankment of Dike - - 540 yd?

Sub-Total
Road Metal Trans and Place 111 yd?
Gravel Trans and Place - 37 yd?

ITEM  AMOUNT UNIT

Sub-Total '

Temporary_WGrk
Total

Overhead ~  $2,981.85 x 10%
Gfand'Totél . |

$2,417.00 x 5%

Rounded’ to

L'Ebranche Cut (per 100 feet)

ITEM. AMOUNT UNIT
Excavation by Sugtion Dredge 6,982 yd3
Steel Sheet Pile . - 66.7  yd
Concrete o _ _ 33,8 - yd®
hhsonry‘Ceméhted with Rubbie 138.9 yd?

Sub-Total = |
Tempofary_Wdrk:', : © $27,969.00 x 10%

: Total R _ . :
Overhead - . $30,765.90 x 15%
. Grand'Tdfaif :-' .

Rounded to

K ~ 13

UNITPRICE

50 ¢
15 ¢

$ 3.00
§ 3.00

UNITPRICE

UNITPRICE

50 ¢
§ 300.00
§ 50.00
§ 20,00

367.51

$7,717.81
§7,728.00

s

161,00

COsT

2,336
31

.00
.00
£2,417.
333,
111.

ao
00
00

352,861,
120.
$2,081.
2938,
$3,280,
.00

£3,290

COST

3,491,
20,010,

1,690.

2,778,
$27,969.

2,796,
$30,765.
$ 4,614,
$35,380.
$35,390.

00
85
85
18
03

00
00
00
00
00
S0
90
88
78
00



No,1 D. Canal (per 100 feet)

ITEM

Weéding'and Upfooting
Excavation by Dragline
Embaﬁkment of Road
| SubAthal _
Road Méﬁal,'Trahs and Place
Gravel Trans and Place
| Sub-Total
Crand Total
Rounded to

AMOUNT

222
355
303

111
37

K~

UNIT
yd?
yd3
yd?

yd?
yd3

UNTTPRICE
-.—'—_'_"—"‘_-——.

15 ¢
60 ¢
15 ¢

$ 3.00
$ 3.00

COST

33.
213,
45,
§291,
333,
111,
$444,
$§735.
$740.

30
00
45
75
06
00

75
00



Table K-5

Foreign Exchange Requirement at 1st Stage

Item

Cocal Réscrvoir
Spillway
Outlet'Works
Cocal Cut

Temporary Road

Irrigation § Drainage Canals

Lateral Canals § Others
Sub-Total
Contingencies (10%)
Eﬁgineeefing {15%)
_Tofal' o
~ Rounded to

Local
Currency

Thousands
of T.T.§

1,560.08
473
36
214.75
48.50
12.27
2.25
2,346,85
234,685
244,670
2,826,205
2,830

K - 15

Foreign
Currency

Thousands

of T.T.$

400
27

24

320
160
440
360

1,731
173.
367.

2,271,

2,270

007
107

Total
Cost

P

Thousands

of T.T.

1,960,

500
60

534,
.50
452,
362,
4,077,
407,
677

208

611

5,097.

5,100

8

08

75

27
25
85
785

312



Table K-6

Foreign Exchange Requirement at 2nd Stage

Item

Nariva Réguiating Resérvoir
L'Ebfanche Cut
Irrigaﬁion‘& Drainage Canals
Laterél‘Canals G'Others
L'Ebranche Barrage
Sluice ways

Sub-Total
Contingencies (10%j
Engineefing (15%)

Total
"unndedlto

Local
Currency

Thousands
of T.T.$

1,407.25
578,08

1,002.87
1633853

221,00
124,00
3,967,053
396,705
439,922

4,803,680

4,800

X - 16

Foreign Total
Currency Cost
Thousands Thousands
of T.T.$ of T.T.$§
320 1,727.25
1,970 2,548.08
640 1,642.87
360 993,853
49 270.00
26 150,00
3,365 9,332,053
336.50 733,205
659,885 1,099,807
4,361,385 9,165,065
4,370 9,170



Table K-7

Operation and Maintenance Costs

Operation Costs

Operation List

Supef_intendgnt
Chief Water Master
Ditch Riders
Clérks_
Telephone Operators
Foremen _ _
Equipmenﬁ Operators
Mechanics
Laborers

Total

"Maintenance Costs

st Stagé Gafes- r"

2nd Stage Gates

No.

Personnel Rates of Month

Rates of Year

1

-

10

N - B

N B

15
40

$5.50/yd? x 160yd?

! . Nariva Regulating Reservoir

- Sub-Total

Tbtai

Operation and Maintenance Costs

Operation Costs_

Maintenance Costs

'Totai ﬁ

Rounded to.

K-

500
350
250
250
180
250
180
180
150

- $5.50/yd? x  160yd?
~Cocal Reservoir
Sub-Total

6,000
4,200

30,000
12,000

2,160

6,000

8,640

4,320
27,000
T.T.$100,320

$  880.00
$1,200.00
$2,080.00

$ 880.00
$1,200.00
$2,080.00
$4,160.00

$ 100,320.00
$  4,160.00
$ 104,480.00
$ 105,000.00
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Appendix L '
Projected Agricultural Economy

Type of Development

The Nariva Swamp agricultural development project selects the Nariva
Swamp area and the hilly land nearly 62,000 acres located at the central-
eastern part of Trinidad as the object of the development

purpose is to develop agricultural condition.

, and the main

About 26,500 acres excluding
the private estate and the lease of the Crown Land will be the object of

the development. - S0 to speak, the low-lying swamp area, where much of land

has not béen utilized due to an inundation during the rainy season, should
be converted into a arable land, covering about 11,000 acres, on the basis
of a drainage plan (Drainage system is utilized for irrigation during the
dry season.) The southern hilly land next to the Nariva Swamp area is a
rolling land coveréd with forests, covering about 15,500 acres, of which

about 7,400 acres should be reclamed in an attempt to carry out a large-
scaled livestock production.

In regard td'the'aSpect of livestock production, any detailed topo-
graphlcal map. and - other data are not available for the planning. Detailed
development plan could not be, therefore, prepared, but in consideration of
present status and future prospects of the domestic producfion and the import
Quota of_iivesbbck in Trinidad and Tobago, beef cattle breeding is planned
to be éohductéd:ahd3managed by.a few estates, as a large scaled livestock
management. _500:acres of the Nafiva swamp aréa developed by the Plum Mitan
Rice Scheme (1,200 acres of initially developed land has decreased to 500
acrés'due”to the.iowereq-function of drainagé canal facilities) are being
only Utiiizéd for the temporary cultivation of paddy rice durino the Tainy
season and watermelon during the dry season by about 300 farming households
under the Government's lease of land. Upon completion of irrigation and
drainage canal fac111t1e5 in the Nariva Swamp area, net about 9,000 acres
of land w111 be utilized for arable land, the settlers of which will be
selected from among current farmers upon reexamlnatlon of their qualifi-

cations for_the_settlement.ln the project area.
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Qualified farmers selected throughout the country will settle in the rest

of project area. The Government should take necessary steps for the settlers

in the project area. Paddy should be cultivated on 100% of the whole project

area durlng the rainy season, and also during the dry season paddy and field
crops (maize and soybean) should be cultivated on a half area for each.
Actual result of cultivation of such crops has not been almost recorded,
ThereforeQ cooperatiﬁe is necessary to demonstrate a trial cultivation

method and helf the settlers of the pProject area in agricultural techniques.

Farm Managing Scale

For the_determination of farm managing scale, the first is that the
income of'fafmers should be increased as high as that of urban people.
The second'element.is that large-sized machinery such as tractor (60HP},
combine {(with a 14-feet-wide cicling breadth) and so forth should be
introducéd and utilized. Upon introduction of such large-sized farm machin-
ery, however, a set of farm machinery should not be utilized by a single
farm household, but by 30 to 40 farm households in number. In view of such
conditions,:farm ménaging scale is determined as that of 14 acre per farm
household. 14 a¢res is divided into two, 2 and 12 acres on the assumption
that irrigationzshould be practised in each area. As for the foreign field
12 acres'shéllfﬁeffor the cultivation of paddy, maize and soybean and 2
acres.shéll-be for homéstéad located in the village, and innitially crop-
ping'péftern of 2-a§res area shall be the same as that of the foreign paddy.
In futufe;-in.the.domestic field, intensive farming of vegitable etc. shall
be conducted 'For-referende, fafm size in other project works is shown in
Table L-1. | o

‘Table L-1 Farm sizes of other ﬁrojects _
. _ ] T Farm size
- Crown Land Project in Trinidad and Tobago
| ~ -Dairying - (Full Development} : 20 acres
Tree crops = (Full Development) _ 10
_'; Pisayame Project in Equador | ' 12-86
" Guiana, Settlement in Polder 15
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Cropping Pattern

Exhibit L-1 shows cropping pattern and proportion following the

attainment of the agricultural development scheme. The following conditions

are considered on the determination of crops.

1) To_raisé agricultural benefit most effectively upon completion
‘of irrigation and drainage project in the Nariva Swamp area

2) To be the substitutes for imported foods, that is, be less self-

" suppliable.

Sj To meet natural conditions of climate, topography, soil and so

forth
- 4) To reduée production costs for the application of large-sized

farm machinery

5) To be farmed under cooperative activities

In view of the above conditions, paddy should be cultivated on the
whole project area'during the wet season by the completion of drainage
project and by the fulfilment of supplemental water by irrigation preject.
On the other hand, irrigation water requirement varies from the cropping
ratio of the whble_pﬁoject area during the dry season. Therefore, the
capacity of the‘Cocal Reservoir is necessitated to be changed. On final
determinatioﬁ_of crppping proportions, it is necessary to compare fluc-
tuation of the_dam'cohstruction costs according to cropping proportieon
with inVestment effitienéy or B/C'Ratio varying according to the benefit
or fluctuation of_yiélds) as shown in Table L-2. According to this table,
B/C ratio 6f case III is the highest. However, the full water level of dam
in casé iIIIWill_réach.Highef than in other two cases, so that, private
eStates‘béhind thglNariv# Swamp area will be submerged by water. Further-
more,:thé compensation édét is not exactly estimated in this case. And
in addition_to;many.techﬁigal difficultues, there are many uncalculable
factors.unfaduréble for'thé adoption of case III, though B/C ratio is seemed
to bé higher ;haﬁ:ﬁHat.of_bther cases. Therefore, in this report, the
cropping proporfioniof case 11 is adopted. That is, double cropping of

paddy rice should be conducted in the stage I of agricultural development



scheme. After completion of stage 1I, the cropping intensity of paddy
rice should be 100% during the rainy season
cropping intensity of paddy rice,

each.

» and during the Hry season. the
maize and soybean should be 50%, 25%

Projected Yields

The yields of paddy rice, maize and soybean which are primarily adopted
in agricultural department and beef cattle which is adopted in livestock
department of the Nariva Swmap Agricultural and livestock vields, enough
data of the project area and its surroundings are not easily obtainable
and therefore, Table L-4 shows only the whole data of agriclutral and live-
stock yields in Trinidad and Tobago.

Table L-3 Projected Yields
Paddy 3,570 1bs/acre (4,000 kg/ha)
Maize 3,000 1lbs/acre (3,360 kg/ha)
Soybean ' 1,700 1lbs/acre {1,900 kg/ha)
Beef Cattle 174 1bs/acre
Table L-4  List of the Data for Yields
Paddy A Survey of Rice Industry Aug. 1953
Rice Growing in Trinidad Jun. 1949
_ Rice Industry in Trinidad May 1949
Soybean The Prospects for Soybean Production
. in Trinidad and Tobago Jun. 1968

A Note on the Cultivation of Soybeans
~and Groundnuts with Special Reference
to Trinidad and Tobago

Maize The Prospects for Soybean Production

in Trinidad and Tobago Jun. 1968

Methods for the Production of Food ,

Crops in Trinidad and Tobago, Corn 1968
‘Beef  The Star Farm - Texaco in Agriculture 1968



In case of the determination of the projected yeild in agricultural
department on the basis of the above data, the available data of paddy rice
yiéld is too old, only to be referred. Therefore, the final determination
was made omn the‘same basis of the projected yield of irrigation and drainage
facilities as in other countries, .and of actual results performed in other
agricultural development projects in Southeast Asia, Guiana and Surinam.

To obtain the projected yields, the experiments and research is necessary

to be carried out, As for the projected yields of maize and soybean were

determined on the basis of "The Prospects for Soybean Production in Trinidad
and Tobago, (June, 1968)", which is a Teport of research by the University
of the West Indies. Except for apprehension of the short period of the
researéh, according to the report, the yields of both maize and soybean

are recorded conservative, The yields mentioned in the report are em-

ployed in the agricultural development project.

Prices of Agricultural Products

Table L-5 shows the prices of agricultural and livestock products in
the Nariva Swamp agricultural development project.

Table L-5 Prices of Agricultural Products
' Agricultural Products Prices
' _ TT$/1001bs. (TT$/100 kg)
Paddy - 13.60 18.00
Soybean 6.00 13,23
Maize - 3.50 7.72
Beef Cattle 65.00 143.30

- The determination of the above unit prices was made on the base of
C.1.F, price of imported agricultural products in Trinidad and Tobago.
The unit price of paddy rice was calculated on multiplying 0.6 of rice
cleaning charges by C.I.F. price which is obtained by the calculation
using a Weiéhtéd meah of Quanfity and amount of imported paddy rice in 1966,
1967 and 1968. According to the table of “Supported or Stabilized Prices
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to Producers for Paddy in 1965/66" presented in
agriculture 1966'" issued by F.A.0
and Tobago is US$9.00 per 100 kg,
Table L-35,

"The State of Food and
-» the price of paddy rice in Trinidad

which corresponds to the figure of

- The price of maize is TT$0.0562 per pound on C.I.F. price in 1966,
1967 and 1968, on the basis of which producers' received prices are anti-
cipated for 70% of C.I.F. price (TT$0.0393 per pound).
years, C.I.F. price of maize is downward trend
is fixed at TT$0.035 per pound.

However, in recent

» S0 that the price of maize

~The import statistics of soybean as well as paddy rice and maize is
not available. According to 'The Prospect for Soybean Production in
Trinidad and Tobago", soybean cake and meal of 10 million pounds worth
about TT§1 million was imported in 1965, and therefore C.I.F. price of
soybean was obtained on the basis of weight exchange of this imported
soybean. cake and meal. According to an actual attainment of processing
soybean into soybean cake and meal, 750 kg. of soybean cake and meal is
processed from 1,000 kg of soybean. Accordingly, 10 million pounds of
imported soybean cake and bean are equivalent to 6,048,000 kg of soybean.
C.1.F price of soybean is, by this calculation method, estimated at
TT$0.1653 per kg, and further, producers received price is fixed at TT$6 00
per 100-pounds (TT$0.1323 per kg) in anticipation of 80% of C.I.F. price.

At.a foreién exchange rate of the prices of maize and soybean, the -
prices ofmaize are US§1.37 per 56 pounds and soybean US$2.54 per &0 pounds,
the‘prités‘of which'aré nearly as same as wholesale prices at the delivery
of Chicago (Tablé L-6, 1962-1966) according to “Production Year Book' of
FAO.

_Table L-6 Wholesale Price of Maize and Soybean in

- Chicago
Malze [Yeliow No.3 of U.5.A.) Soybean (Yellow No.2 of U.S5.A}
1962 L 1.19 US§/56 1bs 2.54 US$/60 1bs
1963 ©1.20 " 2,74 L
1964 L 1.26 " 2.82 "
1965 1.27 " 2.63 "
1

1966 .37 t . 2.93 "



‘The determination of meat prices was based on imported meat prices.
As shown in Table A- 8, the unit prices of fresh frozen meat (11) and pre-
served meat not canned, (012) are fixzad at TT$65 per 100 pounds.

Specification of the Total Project Area

Table L-7 shows the contents of the Nariva Swamp agricultural develop-
ment project area. According to the same table, the project areas amount
ﬁp to about 62,000 acres, about 26,500 acres of which is a new development
objective area. Among about 26,500 acres, irrigable area and livestock
production area are about 11,000 acres and about 16,500 acres (actual re-

clamation land area is 7,400 acres), respectively.

Agricultural Production and Gross Value of Total Production

Table L-8 shows agricultural production and gross value of total pro-

duction following the completion of agricultural development plan.

Production Cost

CfoE (Paddy Rice, Maize and Soybean)

-: Table L-9, L-10 and L-11 show production costs of paddy rice, maize
and soybean, which will be cultivated on the irrigable area of the develop-
- ment pfoject. Table L-12 shows basic data for the determination of the pro-
duction costs. Most important element for the.determination of the produc-
tion costs depends.upon.cropping pattern with an introduction of large-sized
farm ﬁﬁchinery. 'Tﬁe'farm management is carried out by farmers settled in
the'irrigébié area, where large-scale cropping system is adopted with the
cooperative utilization of large-sized farm machinery. Cultivation land
area'dso to 500 acres will be reasonablly covered by 30 to 40 farming house-
holds. The estimation of working efficiency is made on the standard of

450‘acres'of cultivation land area.

L ~ 10



The utilization cost of machinery per hectar was obtained by a calculation

on. the standard of cultivation land area (450 acres) and aforementioned

cropplng proportion. Table L-13 shows various types of farm machinery

and. their working efficiency in consideration of a characteristics of the

irrigable area. Table L-14 shows the relations between number of available

machinery and its life years according to Table L-13. Table L-15, L-16

l.-17 show the calculation standards of fixed cost and variable cost, fixed
cost and annual total cost per ha, respectively according to Table L-14.

The cost of farm machinery, which are mentioned in production cost of

Table L-9, 1-10 and L-11, is estimated with the addition of costs of various

types of working machinery according to cropping pattern and proportion.
The production cost of paddy rice, maize and soybean is 75%, 12.5% and
12.5% respectively,

~The cost of corn attachement of combine is estimated on the assump-
tion that a set of combine will be utilized by 2 collaborative bodies

possessing 900 acres of cultivation land area.

Beef Cattle Farming

The diary farming of Crown Land is based on the data of "Cattle
Ranches'! of ”Fafm Costs and Return" {(U.S.D.A. Economic Research Service)
of 1968§_-Annﬁél tbtal cost of beef cattle raising estimated at TT$90 per

acre on a ratio of 1 acre to 1 head.

Net Income and Farming Family Income

Net Income

"Net income of'farﬁing household is obtained by deducting production
cost from.é grdés'vélue of total production and is one of the most im-
portant-eléménts affecting economic feasibility of the development project.
In case of development pro;ect for only agriculture, the net income of
farmlng household is only involved in benefit upon an actual economic
calculation (B/C Ratlo, Internal Rate of Return and so forth}.

Table L- 18 shows annual per caplta net income per ha in the project.



Farming Family Income

Farming family income, which is obtained from deducting production
cost paid in cash from a gross value of total production, is a decisive

factor of the living standard of farming household, Various kinds of

amortization costs and water charge (0&M cost) should be paid from farm-
ing family income, which is obtained by adding net income, capital inter-
est and management cost to family labour charge for crop production.
Table L-19 shows farming family annual income per hectar. Beef cattle

raising is operated and managed by each estate.
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Table 1.-7

Break-down of Total Project Area

_ “Item Acre
Total Project Area 62,000
Area under New Development 26,500
Gross Area under Irrigation 11,000
Gross Area for Livestock Farming 15,500
Others 35,500
-Cocal Reservoir 4,200
Nariva Regulating Reservoir 6,400
Lease § Windbelt Reserve, ectc. 4,900
- Private Land, Zstate § Others 20,000
_ Stage 1 Stage II Total
Ttem ' Acre Acre Area
Gross Irrigable Area 3,550 7,450 11,000
' -Main Structures . - 400 830 1,230
" site for Village 150 200 350
Land for Domestic House 100 220 320
.Agricultural Research:Station 100 - 100
‘Net Cultivated Area 2,800 6,200 9,000
Item - : Acre
Gross_Area for Livestock Farming 15,500
Road, Structures § Others 8,100

~ Net Operating Acre ‘ 7,400
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Table L-8

Agricultural Production and Gross Value of Total Production

Crop
Cro Area Yield Production Un?t tross Value of
P Acres Lbs/acre 1,000 1ps. FPrice Total Production
TT¢/1b. TTS
Stage I
Paddy 4,260 3,570 15,208.2 8.16 1,240,990
Maize 710 3,000 2,130.0 3.50 74,550
Soybean 710 1,700 1,207.9 6.00 72,420
Sub-total 5,680 1,387,960
Stage II__
Paddy 9,270 3,570 33,093.9 8.16 2,700,460
Maize 1,545 3,000 4,635.0 3.50 162,250
Soybean 1,545 1,700 2,626.5 6.00 157,590
Sub-total_ 12,360 3,020,300
Total Area _ . ‘
Paddy . 13,530 3,570 48,302.1 8.16 3,941,450
Maize. - 2,258 3,000 6,765.0 3.50 236, 800
- Soybean 2,255 1,700 3,833.5 6.00 230,010
Grand Total _ 18,040 4,408,260
Beef Cattle
: : . . Unit Gross Value of
Ifém  Head gleﬁd 4 P§ogggtign bPrice Total Production
- ) Lbs/hea > 5o rTe/Lb. TS
Beef Cattle 7,400 226 1,968.4 65.00 1,279,460
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Table L-9

Production Costs per Hectare (Estimate) TT§

Crop: Paddy Unit Price of Products:

18,00 ¢/k
Yield: 4,000 kg e

Gross Value of Total Production: 720.00 TTS

| (Family Labour)
Nursery Operations 35.00

Preparation of Nursery, Sowing Seed 10.00 10.00
Watering Nursery 25.00 25.00
Field Operations 170.04
Land Preparation 44.58
Ploughing 7.35
Harrowing 4.50
Puddling 6.53
Fertilizing 26,20 25.00
Transplanting 49.00
Uprooting Nursery 10.00 10.00
Transplanting 30.00 30.00
Supplying 9.00 9.00
Maintenance 2991
Cultivating 4.28
'Hoeing | 14.43  10.00
Plant Protectlng 11.20 10.00
‘Harvesting: | 46.55
Combine : 36,55 10.00
Transporting 10.00 5.00
Materials 153.00
CFertilizer 98.00
Sulphate of Ammonium(21%)  300kg 30.00
‘Triple Super Phosphate(45%) 200kg 50.00
_ Sulphate of Potash(50%) 100kg : 18.00
Seed  100kg @20¢ 20.00
Plant_Protection $5.00
Others 18.55 _ 10,00
Rént S 7.41

Repair § Malntenance' -

Taxes = : _ -

Total 584.00



Table L-G

Production Costs per Hectare (Estimate) TT$ (Cont'd)

Interest for Operating Capital (2.5%) 9.60

Management 14,40
Grand Total 408.00 154,00
Net Income - 312.00
Net Income Ratlo 43.3%
Farming Family Income 490.00

L = 17



Table L-10

Production Costs per Hectare (Estimate) TT$

Crop: Maize Unit Price of Products: 7.72 ¢/kg
Yield: 3,360 kgK Gross Value of Total Production: 259,40 TT$
_ {Family Labour)
Field Operations 90 .82
Land. Preparation 18.27
Ploughing 1.23
Harrowing 0.75
Land Levelling 1.09
Fertilizing 15.20 15.00
Planting 9.80 5.00
Maintenance 21.65
Cultivating 0.71
Hoeing . 10,74 10.00
Plant Protecting 10.20 10.00
Harvesting 41,10
Combine (with Corn Attachment) 33.10 10.00
Transporting §.00 5.00
Materials 70.00
- Seed 50 kg @10¢ 5.00
Fertilizer 45.00
5'Sﬁlphéte of Ammonium (21%) 300kg _ 30.00
Triple Super Phosphate(45%) 60kg 15.00
Plant Protection . 20.00
Others o o 15.48 5.00
Rent : 3.70
Rgpair E Maintenance ‘ -
Taxes - ~
T total | | 180.00
_Intéfest fdr.Operating_quital(Z.S%) 4,50
Mahagement:_'-. | 5.20
' Grand Total _ 189.70 50-09
Net Income : 69.70
l'Net Income Ratio 26.9%
. Farming_Fémily;Income - 139.40

L =18



Table 1-11

Production Costs per Hectare (Estimate) TT$

Crop: Soybean Unit Price of Products: 13.23 ¢/kg
Yield: 1,900 kg Gross Value of Total Production: 251,40 TTS

{Family Labour)

Field Operations 72.15

_Land Pregaration 18.27

Ploughing

Harrowing

Land Levelling

Fertilizing 1

.23
.75
09
.20 15.00

Planting 9.80 >.00
Maintenance ' 21.65

1= O =

Cultivating 0.71
Hoeing 10.74 10.00
Plant Protecting 10.20 10.00

Harvesting 22.43

Combine 14.43 10.00
Transporting 8.00 5.00

Materials 64,50
- Seed 70 kg @15¢ 10,50
Fertilizer 24.00

Triple Super Phosphate (45%) 100kg 25.00
Sulphate of Potash (50%) 50kg 9.00

Plant Protection ' 20.00

Others B 19.65 6.00
Rent ' ' 3.70

Repair & Maintenance -

Taxes. ’ K ) i -
Total ' 160.00
Interest for Operating Capital (2.5%) 4.00
Management - 5.00
. Grand. Total ' 169.00 61.00

~ Net Income : 82,40
Net Income Ratio : 32.8%

Farming Family Income 152.40

L =19



Table L-12

Basic Data for Estimation of Production Cost

Labour Wages per Day

T.T.§
Tranctor Operator §.00
Combine Qperator 8.00
Farm Labour (male) 5,00
Farm Labour (female) 3.00
Fertilizer Price
Sulphate of Ammonium (21%) (kp) 0.10
Triple Super Phosphate (45%) (kg) 0.25
Sulphate of Potash [50%) (kg) 0,18
Price of Fuels*
Petroleum (Light 0il) (%) 0.06
' Lubricafing Oii (2] 0.40

Price of Agricultural Machines & Equipments

Tractor (MF-165, 60HP) 7,500
Disc Plough'(MF-765, 3 Furrow) 1,140
Disc Harrow 1,800
.Rotovafor _ 1,630
Planter (Four-Row) | 3,300
Spfayer 1,800
Cultivator* | 560
Storage Hoe* _ | 240
Combine (MF 400-7) : ' 19,340
Cofﬁ Attachment Ffor Above 8,690

¥ These Prices are estimated from Japanese Prices.
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Table L-18

Net Income

(T.T.$)
Gross Value of ~ Production Cropped Net Income
Total Produc-  Cost per NZ; ;Zcome Propor-  per ha./per
tion per ha,/ ha. or per P he‘dor tion head
per head head per hea per year per year
Crop
Paddy 720,00 408.00 312.00 1.50 468
Maize 259.40 189.70 69.70 0.25 17
Soybean . 251,40 169.00 87.40 0.25 21
Livestock
Beef Cattle 174.00 122,00 52.00 52
- Table L-19
. Farming Family “ncome Under Irrigation ' _
S o . - (T.T.$§)
ﬂ'-_ s , .. .Maﬁage-_ Farming Cropped Farming
o E:E;ii' ?ﬁzome -'giféigit ment Family  Propor-  Family
Crop - ha. per ha. or ha  Cost . Income/ tion Income
- perha. P 8+ PET M3+ ser ha. = ha. per year per ha.
) : : : _per year
Paddy 154,00 312.00  9.60 14.40  490.00  1.50 735
‘Maize 60,00  69.70°  4.50 5.20 139.40  0.25 3§
Soybean . 61.00  82.40 . 4.00 - 5.00  152.40 0.25 38
“Total = 808
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Appendix M
Project Benefit and Payment Capacity

Time Flow of Total Project

The Nariva Swamp Agricultural Development Project consists of the

irrigation and drainage plan in the swamp area and the land reclamation
: plaﬁ on hilly land south of the swamp area. The irrigation and drainage

plan is divided into two stages. Major works of stage [ is the Cocal Re-
servoir construction followed by its minor construction works, After a
S-yeat'construction peiod, net irrigable area will amount up to
about 2,800 (1,150 ha). Shortly after completion of the works of stage I,
major works of stage II will be started on the construction of the Nariva
Regulating Reservoir, L'Ebranche Cut, the Irrigation and Drainage Canals
“and so forth."~ With completion of a 5-year construction works of stage II,
net irrigable afea, about 6,200 acres (2,500 he), is to be newly added to
developed Q;BDD_acres, (1,150 ha) fotalling about 9,000 acres {3,650 ha)

in the-Nariva_Swamp area.

'The'-d'evelopment of the 'southerri hilly land can be started at any
'_tlme after’ completlon of the works of stage I.. It is mentioned in this
report that land reclamation works shall ‘be started shortly after com-
mencement of the works of stage I. About 7 400 acres (3,000 ha) of net-
operatlng area shall be developed w1th1n a 5-year. constructlon period of
'hllly land (exclud1ng an eX1st1ng wind belt under 1ease) is selected as

- suitable lands to livestock ralslng ow1ng to ‘their easiness in reclamatlon'
.In the ‘course of the 1and reclamatlon works, an effort should be made for

- preservation of. shadow trees as much as. possible. Exh1b1t M-1 shows time
.'flow of summarlzed total plan of the Narlva Swamp Agrlcultural Develop-

- ment prOJect

Economic Evaluation '

_ Phe ob;ectlve area 1nvolved in the 1rr1gat10n and dralnage scheme is
"_the Nar1Va Swamp, where a relat1va1y high- lylng land is- temporarily utlllzed

cover;ng 500“acres‘out,of_abqut 1,200 acres developed by Plum Mitan Rice



- Scheme. !he land utilization does not reach its full development,
make,

and to
it is dltflcult to reveal the present stage of the land utilization.

‘The ex1st1ng 1rr1gat10n and drainage facilities shall be all repaired or
renovated in the present development project. The above-mentioned 500

acres with existing facilities is also included in the taken up as an objec-
tive area in the present project.

As already ment1oned, the development of the swamp area shall be pro-
ceeded in 2 stages. Economic analysis was based on the addition of calcula-
~ ted values for each stage.  With such a technical method, Exhibit M-2 showing
‘time flow was composed on the basis of cost and benefit at 7% interest rate
and'a-SO-year.eCOnomic analysis period. The economic yield has a S5-year
time lag between stage | and stage II. Annual cost and benefit of each
..stage are estimated_at an incidental time of economic yield in each stage.
Each total of annual cost and benefit is estimated in 2 manner that annual
cast and benefit of stage 1 is added to a component of discounted cost and

- benefit of stage Il in consideration of 5-year time lag.

The development pro;eet plan of the swamp area was completed on the
ba51s of each case study This 15 mentioned a llttle in ”Cropplng Pro-
- portlon” of Appendlx L. The f1na1 development pro;ect plan was eompleted in
‘a comparatlve study of the changes of cost and benefit related to each

'-cropplng pattern

Table M- 1 a shows data for a flnal plan. B/C ratio of Case IIIl is es-
tlmated hlgher than that of case II As already mentioned the B/C ratio
of case IlI is the theoret1ca1 one, elnce there are ‘some 1ntang1b1e
”negatlve factore such as techn1ea1 dlfflcu1t1es of pro;ect construction,
| compeneatlon for the submerglng lands and the cultlvatlon limited to paddy
'rlce 1n carrylng out the Case III Fo sclve these matters, more deta1led
survey should be made for a rather longer period. By this reason, the case

11 was adopted for the development of the irrigable area in the project,
' .Table M-1- a showe a case of annual cost at. 7/ 1nterest rate, . For reference,
Table M 1 b shows annual cost annual beneflt and B/C ratio at 3% and 6%

‘1nterest rates ‘ Interst rate 'is’ one of the most 1mportant glements upon



calculation of economic analysis. Trinidad and Tobago obtain a long-term
loan at 7% interst rate from A.D.B. (the Agricultural Developmeﬁt Bank).
The PTOjECt.cost_of the Crown Land is also financed at 7% interest rate.
That is the reason why 7% interest raté is adopted in the estimation of
the project.. For reference, the economic analyses were made on the basis
of.intg:esf rate at 3% and 6%; the former is the rate in soft-lan by the
intefnational financing agencies and the latter is the rate of opportunity
cost in major countries. The economic analysis period is 50 years includ-
ing a 5-year straight line lag period to reach the target yields in the

divisions of agriculture and livestock.

Annual Benefit

Table M-2-a, b and ¢ show annual benefit and its calculation process.
The remarkable point is that the full benefit of the project development

will be relatively higher, amounting up to TT$506 per ha (US$253 per ha).

Annual Cost

Table M-3 shows the brgakdown of the cost in each case and stage in
the irrigation and drainage scheme. Upon calculation of B/C ratio in the
same table, it is net land investments that are included in annual cost,

and- they are construction cost, land improvement cost and O&M cost.

Annual édst.was calculated.on the basis of net land investment,
Annual cost was calculated on an addition of replacement cost, Q&M cost,
ihterest during construction period and a total installation cost (construc-
tion cbst'and'lénd'improvement éost); Replacement cost was estimated on
.the'renbvation cos£ of steeisgate'a 25;year'life. Most of O&M cost in each
case'is pefspnnel Expenditufe, which is proportionated by a ratio of con-
‘struction cost ih each case and Stage. As the details of yearly construc-
tion investmeﬁf_were not clear,ian interest on a total installation cost
dﬁring_boﬁéfruétiom.period'was calculated on the assumption that equal
~ amount will be paid.ahnually. Table M-4-a, b and ¢ show annual cost at,3%,

6% and 7% interest rates in the scheme for total area of case II.



‘Benefit Cost Ratig

B/C ratio is an important element to judge the economic feasibility
of thg develqpment project. The costs excluding O§M cost and replacement
cost are inputs during a relatiVely short period before the economic result
~yields. Benefit is an ‘output in a long period after completion of the project.
Fherefore in order to compare with these two elements with time lag, the con-
vers1ons shall be made, on the same time basis, from total input cost to
annual equivalent cost and from output benefit to annual equivalent benefit.
The result of this comparison is shown clearly in Exhibit M-2. B/C ratio of

case II adopted for the develoﬁment project is shown below,

Benefit Cost Ratio under Irrigation

{Case I1)

| (TT$)
Annual Benefit per ha Annual Cost per ha B/C Ratio
K Stage I 508,101 442 527,581 459 0.96
7% Stage 11 1,104,568 442 967,376 387 1.14
Total Area 1,295,658 - 355 . 1,217,320 334 1.06
. Stage- I 516,069 . 449 457,651 398 1.13
6% Stage II . 1,121,889 - 449 838,633 335 . 1.34
.+ Total Area 1,354,457 371 1,084,361 297 1.25
~ - Stage I 539,300 469 278,757 242 1.93
3% - Stage II -~ 1,172,411~ 469 509,283 204 2.30
. Total Area . 1,550,631 425 718,064 197 2.16

.”Internal Rate of Return (Irrlgatlon)

. _ The conceptlon of 1nternal rate of return can be explained as a dis-

' count factor (1nterest rate) wh1ch will make the total benefit,cin a period
'analy51s of a pro;ect, equ1va1ent to the 1nvested total cost for the benefit.
-In-other words, internal rate of return is deflned as interest rate to make

- B/C ratio at 1.



i : G.03 0.04 0.05 0 06 0.07 g.08

Annual Benefit (per ha.) 425 406 388 37] 355 340
‘Annual Cost (per ha,) 197 229 262 297 334 371
B/C Ratio - 2.16 1.77 1.48 1.25  1.06 0.92

As mentioned in the above list, B/C ratio comes below 1 between 7%
- and 8% interest rates. According to Exhibit M-3 plotted with the above
~ figures, internal rate . of return is 7.4%.

) Of land reclamation works (livestocks), detailed topographical map
was not available. Therefore, the survey was not ﬁade sufficiently, so
‘that the estimation of input and cutput for livestocks (beef cattle breed-
ing) was obligéd to be roughly made. Economic evaluétion was conservatively
estimated to result in B/C ratio, 1.53, and internal rate of return. 10.1%.
which are higher than those of irrigation scheme. As already mentioned in
the article of repayment tépacity in this report, a large-scaled livestocks
0pefation and management is éxpected to be established by the estates, if

CTT$800 pcr_hé is allowed to be invested on the private basis. ’

o Thisréontributeslmuch'to the.nétiOnaI economy by saving foreign ex-
 change:ét US$640;462 annUaliy; An initial investment cost of TT$800 per
ha.(éxélﬁdiﬁg'TT$l40 of an'interest durihg éonétfuction period} amounts
. up to: U§$l 200,000 in-total, and some subsldles to the scheme are consi-

';dered to be glven by the Government

- Rade increase of domestlc pork productlon and its prlce reduction
15, at present, advanc1ng ‘The countermeasure for this situation should
" be taken_ln future prospect of the substitution of pork for beef and de-
‘crease of import beef. Full consideration should be taken'for:this matter

“in the future.

Beﬁefit”cost iatio is 3,06 in case of -3% interest rate, 1.79 in case
6?26% iﬁteféSt rafc, 1. %3'in'case'of 7% interest rate and 1.01 in case'of
109 interést ratE' The: calculatlon basis of each cost and bGHEflt in case

'of 7° interest rate is - mentloned in thls report

M-8



7_Tab1e M-8 and 10_show the calculation basis of each cost and benefit in
other interest rates.

Special loan was not considered because repayment is made by estates’

own capital Repayment will be possible under the conditions of 10% annual

1nterest rate over 17 years 1nc1ud1ng a S-year grace period. Internal rate

of return is estimated at 10 1% according to the figures below mentioned
‘and Exhlblt M-4;

i ' ' 0.03 0.05 0.06 0.07 0.08 ©¢.10 ©0.11

Annual Benefit  (per ha) ©120.5 117.1 115.3 113.5 111.7 108.2 106.1
Annual Cost (per ha) 39.4 55.3 64,4 74.1 84.5 106.9 118.8
B/C Ratio 3.06  2.12 1.79 1.53 1.32  1.01 0.89

Payment Capacity and Payment Schedule

Payment Capaclty

Of TT$14,270,000 of a total of project cost of irrigation and drainage
scheme, US$3,320,000 of a forelgn exchange currency component is flnanced
on a soft-loan’ by the 1nternat10nal f1nanc1ng agencles, and the rest is
:dlsbursement from the budget of the GOVernment TT$2 044,000 for land
.1mprovement cost and T1$3 484 000 for cooperatlve fac111t1es cost are

flnanced by the Agrlcultural Development Bank

B Agricultﬁral machinery. cooperatively operated'by farmers is all of
'fdreign'make “The cost of farm machlnery, which reaches up to US$955,000
N inttctal: is expected to be flnanCed on a soft- 1oan by the 1nternat10na1

 financing agencies, Each portlon of_repa}ment for mechanization and co-
fopetatiVe facilities is deducted.npon determination of agricultural pro-
: ductlon cost of farm gate prlce The‘repayment “which should be made
| from farm1ng famlly income is borme by an annual amortlzatlon of land im-
provement water faCllltleS and M&D cost Out of farming family income,.
;TT$4 524/househ01d the percentage of savings amount depends ‘upon the ex-

tent of llVlng expense accord1ng ‘to proprlate standards of 11v1ng ‘The



data of this matter were not available in Trinidad and Tobago. 1n this

connection the survey was made in Japan to result that 20% of the income
is saved by the farming family which can pay living expenses out of its
net agricultural income. In the case, therefore, this 20% of savings rate

15 adopted for the savings account of farmlng family in Trinidad and Tobago.

Out of the p0551b1e savings amount, the amount to be allocated for
amortization of debt is viewed to be waximum at 40% of the income in
consideration of the primary purpose of savings such as increaseing of
capital and faising of the stendaids of living. Upon calculation of re-
payment capacity, savings amount is TT$65 per ha and TT$362 per household.
By -this, 70% of land.improvement cost is a debt of farming household. (30%
is supplemented‘by family labour force.) The amortization is TT$49 per
ha and TT$§276 per household. TT$16-per ha and TT$90 per household are an
amount to be paid for M0 cost as water charge. M§O cost is TT$29 per
ha and TT§162 per household. The half of M§O cost is only paid. The rest
half should be borne by the subsidies of the Government or its direct collec-
tion of watef charge. The local currency of construction cost should be an
expenditure by annual budget of the Government as already mentioned. Such
'being'the case'itVis impossible to collect annual amortization (Us$223,171/
3,650 hé': US$61/ha Maximum dnnual amortlzatlon amount) from farmers on a
fore1gn exchange component loaned by international financing agencies.
Therefore, the forelgn exchange component of annual amortization should be

::an expendlture by the budget of the Govevnment as detailed in the following.

artlcle

' Payment Schedule )

Repayment of farmlng household is mentioned in the previous article.
' The-repayment of 10Ld1 curreney to the Agricultural Development Bank from
the cooperative and foreign exchange to the international financing agencies

_from”the Government is mentioned as follows.

,LocaleCurrency

' ASIShown'in Table M- S'and M-6, local currency covers the repayment of
a loan for cooperatlve fac111t1eb and land improvement costs. (7% inter-

est rate over 17 years w1th a 5 year grace perlod is 1nc1uded in the repay-

'eM B 1Q



- ment amount,)

L.oan Repayment Annual Repayment
: _ Amount Amount (maximum years)
Associated cost  TT$3,484 000 6,604,972 438,636
Land_improvement 2,044,000 3;875,000 257,340
Total: TT$5,528 ,000 10,479,972 695,976

Land improvement -is made by farmers' labour force and "Repayment
Schedule" of the above article is made on the basis that 70% of the relative
cost shall be loaned to the famers. As the said "Repayment Schedule’ is
drawn up fpf the cooperative, land improvement will be not made by all
farmers' labour force. Repayment amount was estimated with allowance on
- the assumption that full amount of loan will be financed. The repay of
farmers is dealt with by the cooperative, which the repayment will be made
to the Agricultural Development Bank. Associated cost is collected as the
charges of the use of cooperative facilities from farmers by the cooperative.

The associated cost will be paid to the Agricultural'DeveLOpment Bank .

Foreign Exchange

46.5% of construction cost and the cost of farm machinery is financed
on a soft-loan in foreign exchange. (Construction cost is at 3% interest
‘rate over 25 years including a 25:year graée period. Mechanization cost

is at 3% interest rate over 17 years including a S-year grace period.)

Loan o Repayment - Per Annum

Construction cost | US$3,320,000 4,712,420 157,080

~ Mechanization cost | 1,016,250 . 1,376,056 - 62,500

M- 11



_ Méchanization cost is collected by the cooperative as the charge
(included in production cost) of the use of farm machinery. ‘The collected
charges will be paid to the internatiopal financing agencies through the
Agricultﬁral Developmeht Bank., A foreign exchange component of constructio
cost should be paid annually by the budget of the Government as shown in
Table M-7. An average annual amount of the repayment is US§157,080, which
is only 10% of US$2,243,836 of foreign exchange saving amount regquired for
domestic production of the substitutes for the imported goods (Maximun
amortization year: the 11th year to the 25th year). The Nariva Swamp agri-
cultural development project is, therefore, advantageous from the national

economic standpoint.

Foreign Exchange Saving Amount

(After completion of the project works)

fmports Ratio of Sub- Foreign Ex-
{1966) stitutes for change Saving
Imported Goods Amount

Paddy rice TT$9,292,000 X 41.5% = 3,856,180
Maize 3,946,000 x . 10.2% = 402,492
Soybean _ 1,000,000 . x 22.9% = 229,000
| Sub-total: | 4,487,672

Meat 7,156,000 %  17.9% = . 1,280,924
| Grand-Total = 5,768,596

‘Note: The ratio of agricultural production to the imports in the

'jproject is as Follows:

Paddy rice 41,5%

Maize C10.2%
Soybean 22.9%

" Meat 17.9%

Thé estimafed'fbréign exehénge saving amount for irrigation and
‘livestock developments amounts annually up to TT$4,487,677 (US$2,243,836)
and TT$1,280,924 (US$640,462), respectively. '

M - 12
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Table M-~-2<a

Annual Benefit (TT$)
(Trrigation}

{Case [1}

Interest Rate: 3

o

Period of the Analysis: 50 yrs.

Stage [ Stage I Total
(1,150 ha) (2,500 ha) (3,650 ha)

(1) Annual Net Income (Full Benefit) 581,900 1,265,000 1,673,089

Straight line lag

{2) Annual I[ncrease
(1) x 1/5 B 116,380 253,000 334,618

{3) Present Worth
{2) x 13.4684 1,567,452 3,407,505 4,506,766

(4) Amortized for 50 vears '
(3) x 0.0388? 60,927 132,450 175,178

Complete lag

(S)‘ Present Worth at beginning of

6th year (1} x 24.519 14,267,606 31,016,535 41,022,469
(6) Present Worth at beginning of - |
. 1st year (5) x 0.8626 . 12,307,237 26,754,863 35,385,982
(7) Equivalent annual 50 years . :
o {(6) x 0.03887 : : 478,382 1,039,961 1,375,453
(8) Equivalent annual Benefit for '
straight line lag period 60,927 132,450 175,178
Total Annual Benefit 539,309 1,172,411 1,550,631
~ditto- per hectare - . 469 469 425

Note: (Total) = (Stage I) » (Stage II) x 0.8626



Table

Annual Benefit

M-2-b

(rT$)

(Irrigation)

(1) Annual Net Income (Full Benefit)

Straight line lag

Annual Increase

(2)
(1) x 1/5

(3) Present Worth
{2) x 12,1465

(4) Amortized for 50 years
(3) x 0.06344

Complete lag

(5) Present Worth at beginning of
6th year (1) x 15.456

(6) Present Worth at beginning_of
' ‘1st year (5) x 0.7473

(7) Equivalent annual 50 years
(6) x 0.06344

(8) Equivélent annual Benefit for
straight line lag period
Total Annual Benéfit

~-ditto- per hectare

Note: . (Total) = (Stage I)'+ (Stage II) x 0,7473

(Case I1)

Interest Rate:

Period of the Analysis:

Stage 1 Stage 11

(1,150 ha) (2,500 ha)
581,900 1,265,000
116,380 253,000
1,413;650- 3,073,166
89,682 194,962
8,993,846 19,551,840
6,721,101 14,611,090
426,387 926,927

89,682 194,962 -
516,069l. 1,121,889
449 | 449

o

6
50 yrs.

Total
{3,650 ha)

1,527,235

305,447
3,710,234

235,377

23,604,944
17,639,975
1,119,080
235,377

1,354,457

371



Table M-2-¢

Annual Benefit (TT$)

(Irrigation)

(1) Annual Net Income (Full Benefit)

Straight line lag

'[2) Annuai Increase
(1) x 1/5

(3) Present Worth
(2) x 11.7469

(4} Amortized for 50 years
(3) x 0.07246
- Complete lag

(5) Present Worth at beginning of
6th year (1) x 13.606 -

(6) Present Worth at beginning of
. 1st year (5) x 0.7130

(7) Equivalent annual SO years
7 (6) x 0.07246 .

(8) Equivalent annual Benefit for

straight line -lag period (4)_

. Total Anﬁual Behefit

-ditto- per hectare '

(Case II)

Interest Rate:

7%

Period of the Analysis: 50 yrs.

Stage 1 Stage II Total
(17150 ha) (2,500 ha) (3,650 ha)
581,900 1,265,000 1,483,845
116, 380 253,000 296, 769
1,367,104 2,971,966 3,486,115
99,060 215,349 252,604
7,917,331 17,2#1,590- 20,189,195
5,645,057 12,271,864 14,394,896
409,041 889,219 1,043,054
99, 060 215,349 252,604
508,101 1,104,568 1,295,658
442 442 355

_'Nofef',(Total) - (Stage'I) + (Stage II) x 0.713

w17



Specification of Costs for the Nariva Project

Table M-3

874

3,484,000

(Irrigation)
(TT$)
Stage [ Stage 1I Total Area
1,150 ha 2,500 ha 3,650 ha
TT$ per ha TT§ per ha TT$ per ha
I. Investment Costs
1) Construction Case I 4,370,000 3,800 9,170,000 3,668 13,540,000 3,710
Cost Case I1I 5,100,000 4,435 9,170,000 3,668 14,270,000 3,910
Case I11I _ 7,900,000 6,870 9,170,000 3,668 17,070,000 4,647
2) Land Improvement
" Cost Case I,11,111 644,000 560 1,400,000 560 2,044,000 560
3) Totél Case 1 5,014,000 4,360 10,570,000 4,228 15,584,000 4,270
Installation Case 11 5,744,000 4,995 10,570,000 4,228 16,314,000 4,470
Costs{1)+2)]1 Case III 8,544,000 7,430 10,570,000 4,228 19,114,000 5,237
4) Replacement
Cost Case I,II,111 40,000 35 33,000 13 73,000 20
II..0 & M Cost Case I 35,000 30 - 70, 000 28 105,000 29
- | Case 11 38,000 30 67,000 27 105,000 29
Case 111 49,000 43 56,000 22 105,000 29
III. Associated Costs
a) Production Facilities - o |
1) ‘Agr. Machine Pool 105,000 91 210,000 84 315,000, 86
- 2} Rice Center - ' 400,000 348 - 800,000 320 1,200,000 329
3} Store House 15,000 13 30,000 12 45,000 12
4) Motor Paol 60, 000 52 - - 60, 000 16
"~ 5) Agr. Reserch Station 200,000 . 174 - - 200,000 55
Sub-Total 780,000 678 1,040,000 416 1,820,000 498
"b)-thers _ _
1) Domestic House 520,000 452 - 1,144,000 458 1,664,000 456
Total [ a) +b) 1 - 1,300,000 - 1,130 2,184,000 954

M-8



a

Note: '(Total)'; (Stage'l)‘+ (Stage

M= 19

Table Mf4-
Annual Cost (TT$)
{Irrigation)
(Case IT)
Interest Rate: 3%
Period of the Analysis: 50 yrs.
Stage 1 Stage II Total
(1,150 ha) (2,500 hay (3,650 ha)
Estimated installation cost and
initial lnvestment
(1 Total installation cost 5,744,000 10,570,000 14,861,682
(2) Interest during constrution
(1) x 1/2 x 0.053 x 5 430,800 792,750 1,114,626
(3) Total initial investment
(1) + (2) 6,174,800 11,362,750 15,976,308
Annual Cost:
- (4) Operdtlon g halntenance Cost 38, 000. 67,000 95,704
(5)'_Amortlzatlon of investment Cost -
- {3) x 0.,03887 240,014 441,670 620,999
(6) Price of Replacement 40, 000 33,000 68,466
.(7)-_Répiécement Cost -
7 (6) x 0.4776 x 0.03887 743 613 1,271
Grand Total Cost- 278,757 509,283 718,064
. -ditto- per ha. 242 204 197
II) x 0.8626



Table M-4-b

Annual Cost (TT$)
{Irrigation)

{Case I1)

Interest Rate: 6

=8

Period of the Analysis: 50 yrs,

Stage I Stage 11 Total
(1,150 ha) (2,500 ha) (3,650 ha)

Estimated installation Cost and
~initial investment:

(1) - Total installation cost 5,744,000 106,570,000 13,642,961

(2) Interest during construction
{1) x_1/2 x 0.06 x 5 861,600 1,585,500 2,046,444

(3) Total initial investment | ‘
(1) + (2) 6,605,600 12,155,500 15,689,405

' Annual Cost: .

(4) Operation & Maintenance Cost . 38,000 67,000 -  -88,069
(Sj?}Ambrtizatidn of investmént Cost
- {3) x 0.06344 | 419,059 771,145, 995,336
(6) Price of Replacement .~ . 40,000 33,000 64,661
(7) Replacemenf Cost : o :
(6) x 0,2330 x 0.06344 - s9l .. 488 956
 Grand Total R . 457,651 . 883,633 1,084,361

_-ditto- per ha. o | . ' 398 335 297
Note:g'(Total).g (Stage 1) +f(Stage I11) x 0;7473

=20



-Table

M-4-¢

Annual Cost (TT$)

(Irrigation)

Estimated. installation Cost and
initial investment:

(1) Total installation cost

(2)

Interest during construction
(1) x 1/2 x 0.07 x 5

(3) Total initial investment

(1) + (2)

'Annual Cost:

(4)
(5)

(6)
(7N

Operation § Maintenance cost

Amortization of inveStment éqst
(3) .x 0.07246

Price of replacement '

Replacement cost .

(6) x 0.1842 x 0.07246

~Grand Total

-ditt6~ per ha,

{Case 11)

Interest Rate:

o

Period of the Analysis: 50 yrs,

Note: (Total) = (Stage I) + (Stage II) x 0.713

M-zl

387

Stage 1 Stage 11 Total

(1,150 ha) (2,500 ha) (3,650 ha)
5,744,000 10,570,000 13,280,410
1,005,200 1,849,750 2,324,072
6,749,200 12,419,750 15,604,482

-3

38;000 67,000 85,771
489,047 899,935 1,130,701
40,000 33,000 63,529
- 534 440 848
527,581 967,375 1,217,320
459 v 334



Table M-5

Repayment Schedule for L.C. (TT$)
(Associated Cost]

Interest Rate: 7%
Repayment: 17 yrs. {incld. Syrs-grace)

- Loan Repayment
Stage 1 Stage II Total Stage 1 Stage II Total
1
2
3
4
5 1,300,000 1,300, 000 45,500 45,500
6 91,000 91,000
7 91,000 91,000
8 91,000 91,000
g 91,000 91,000
10 2,184,400 2,184,000 91,000 76,440 167,440
11 | ‘ 163,670, 152, 880 316,550
12 163,670 152, 830 316,550
13 163,670 152,880 316,550
14 163,670 152,830 316,550
15 '163;670 152, 880 316,550
16 163,670 274,966 438,636
17 163,670 274,966 438,636
18 163,670 274,966 438,636
19 163,670 - 274,966 438,636
20 163,670 274,966 438,636
21 163,670 274,966 438,636
22 163,670 274,966 - 438,636
23 274,966 274,966
24 274,966 274,966
25 274,966 274,966
26 | | | , 274,966 274,966
27 ST : _  ST f'i274,966 - 274,966

Total 1,300,000 2,184,000 = 3,484,000 2,464,540 4,140,432 6,604,972

W22



Table M-6

Repayment Schedule for L.C. (TT$)
(Land Improvement Cost)

Interest Rate: 7%
Repayment: 17 yrs. (includ. Syrs-grace)

Vear Loan : Repayment
' Stage ' Stage II Total Stage I Stage I Total
1 -
2
3
4
5 644,000 644,000 - 22,540 22,540
6 ' 45,080 45,080
7 45,080 45,080
9 . 45,080 - 45,080
10 1,400,000 1,400,000 45,080 . 49,000 94,080
11 r 81,080 98,000 179,080
12 81,080 98,000 179,080
13 81,080 98,000 179,080
14 81,080 98,000 179,080
15 81,080 98,000 179,080
16 81,080 176,260 257,340
17 81,080 176,260 257,340
18 81,080 - 176,260 257,340
19 81, 080 176,260 257,340
20 81,080 176,260 257,340
21 81,080 176,260 257,340
22 81,080 . 176,260 257, 340
23 - 176,260 176, 260
24 176,260 176,260
25 176,260 176, 260
26 | | | 176,260 176,260
27 | 176,260 176,260

Total 644,000 1,400,000 2,044,000 1,220,900 = 2,654,120 3,875,020



Table M-7

Repayment Schedule for F.E. (US$)
: (Construction Cost)

Interest Rate: 3%
Repayment: 25 yrs. (includ. Syrs-grace)

Year ' Loan _ Repayment
. Stage I Stage II Total Stage I Stage 11 Total

1 227,000 227,000 3,405 3,405
2 227,000 - 227,000 10,215 10,215
3 227,000 227,000 17,025 17,025
4 227,000 227,000 23,835 23,835
5 227,000 227,000 30,645 30,645
6 437,000 437,000 76,295 6,555 82, 850
7 437,000 437,000 76,295 19, 665 95,960
8 437,000 437,000 76,295 32,775 109,070
9 437,000 437,000 76,295 45,885 122,180
10 o 437,000 437,000 76,295 58,995 135,290
1 76,295 . 146,876 223,171
12 76,295 146,876 223,171
13 . ' 76,295 146,876 223,171
14 - | . 76,295 146,876 223,171
15. . o . 76,295 146,876 223,171
‘16 E ’ | | | 76,295 146,876 223,171
7 SRR - 76,295 146,876 223,171
18 - | 76,295 146,876 223,171
9 s L 76,295 146, 876 223,171
20 o | 76,295 146, 876 223,171
21 . S L - 76,295 146, 876 223,171
22 | I -~ 76,295 146,876 223,171
I i | o 76,295 146,876 223,171
T ) TR 76,295 146,876 223,171
25 C 76,295 146, 876 223,171
26 A - - 146,876 146,876
7 | R 146,876 146,876
28 - N e | 146,876 146,876
20 SRR B 146,876 146,876
50 . 146,876 146,876

“Total 1,135,000 2,185,000 3,320,000 = 1,611,025 3,101,395 4,712,420




‘Table M-8

Repayment Schedule for F.E. (US$)
(Mechanization Costs)

Interest Rate: 3%
Repayment: 17 yrs, (includ. Syrs-grace)

Year | Loan Repayment
Stage I Stage II Total Stage I Stage II Total
-
2
3 .
4
5 .
6 320,000 320,000 9,600 9,600
7 9,600 9,600
8 9,600 3,600
9 9,600 9,600
10 - 9,600 9,600
11 635,000 635,000 32,147 19,050 51,197
12 - | 32,147 19,050 51,197
13 32,147 19,050 51,197
14 32,147 19,050 51,197
15 132,147 19, 050 51,197
16 32,147 63,792 95,939
17 32,147 63,792 95,939
18 - 32,147 63,792 95,939
19 32,147 63,792 95,939
20° 32,147 63,792 95,939
21 32,147 63,792 95,939
22 132,147 63,792 95,939
23 63,792 63,792
24 63,792 63,792
25 63,792 63,792
26 ) | | | 63,792 63,792
97 e 63,792 63,792
Total 320,000 . 635,000 955,000 . 433,764 860,754 = 1,294,518
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Table M-9

Annual Benefit (TT$§ per hectare)

(Beef Cattle Farms)

Period of the Analysis: 50 yrs
~Interest Rate: i
3% 6% 7% 10%
(1) Annual ¥Net Income (Full denefit) 130.0 - 130.0 130.0 130.0
~Straight line lag
(2) Annual Increase
(1) x 1/5 26.0 26.0 26,0 26,0
(3]' Present Worth
' 5 SV
(2) x z L 350.2  315.8  305.4  277.0
(4) Amortized for 50 yrs.
{ 50 -1 2/
3) x| % < 13.6 20.0 22.1 27.9
(3 x L) ook
Comglete lag
'(5) Present Worth at beginning of.
6th year _ _
(1). xkzl Tk 3_,187.5 2,009.3 1,768.8. -1,282,2
(6)  Present Worth at beglnnlng of
lst year B 4/ N :
-(5)-'xﬁ:i—)s Al 2,749.5 = 1,510.5 1,261.1 796.1
'.(7)'.qu1Valent annual 50 years,
| [ 50 1-1 | - -
._(6.)_X_ L TTDE 106.9 95.3 91.4 80.3
(8)__Tdtal-Annual'Benefit_ L
4y~ (n ©120.5 115.3  113.5 108.2
o Note: }/n Unlformly Increastng Annual Serles ~ Present Worth Factor
C g]'.Capltal Recovery Factor : '
é/ Uniform Series - Present Worth Factor
4/ Slngle Payment - Present Worth Factor



Table M-10

Annual Cost (TT§ per hectare)

(Beef Cattle Farming)

Estimated installation cost and
initial investment:

(1)
(2)

3

Total installation cost

Interest during construction

period

(1) x 1/2 x i x5

Total initial investment

(1 + (2)

Annual Cost:

W
L (8)

(6)

Note:

Operation § Maintenance cost.

Amortization of investment cost

: 50 0 ¢ y10*
(3))((2 W]

_ n=1

Replacement Cost.

Grand Total Cost

[ 3

Capital Recovery Factor

M- 27

Period of the Analysis:

Interest Rate:

i

800.0

60.0

860.0

6.0

33.4

39.4

[+
aP

800.

120.

920,

58,

64.

~J
s

800.

140

540,

68.

74.

50 yrs,
10%
0 800.
.0 200,
¢ 1,000,
0 6.
1 140,
4 106.
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(TT$1,000)

Benefit & Cost (Total)

Exhibit M-3
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