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CHAPTER 3 PLANNING BASIS

3.1 GENERAL

Purpose of a water supply master plan for an urban area is to provide one of infrastructures for
the urban development, as well as to improve existing water supply conditions.  For the aspect
of the provision of the future infrastructure development, the water supply master plan should
have planning bases fully compatible to the urban development plans.

The Study tried to follow the existing urban development plans that could provide compatible
basic information on planning bases of various infrastructure developments.  However, it was
found that there is no authorized urban development plan for Tegucigalpa, which could provide
basic information sources such as population projection or the future land use plan.

In the water supply master plan, population information, which determines water demands, and
spatial expanse of urban areas, which determines water distribution areas, are of the most
important information.  As there were no available information, the study made own
projections for these two factors based on currently available data/information.  Then, other
planning bases such as unit water demand, water demand by water use, and required intake and
production rates were determined.

3.2 POPULATION PROJECTION

3.2.1 BASE DATA

Due to lack of adequate resident registration system in Honduras, the only reliable and
authorized population data source is the National Census of Population and Household
conducted by the General Directorate of Statistics and Census (DGEC).  The latest published
census was conducted in 1988, and now DGEC is preparing new census to be issued in 2001.
For the purpose of field survey design for this new census, DGEC has prepared so called pre-
census 2000, which lists up number of the existing households in each neighborhood.  We
adhere to employ the pre-census 2000 as a basis of the existing population estimation, even
though neither it contains population data nor it is authorized by DGEC.  The reasons are as
follows.

‐ The pre-census 2000 shows that the number of neighborhoods has been drastically
increased by nearly 60 %, from 365 in the year 1988 to about 580 in the year 2000.

‐ Hurricane Mitch in 1998 had severe impacts on several neighborhoods.  Thus, it is
necessary to use information after Hurricane Mitch.

The population projection based on the pre-census 2000 requires an average household size.
The Study applied the result of the Permanent Multiple Purpose Questionnaire Survey of
Families (EPHPM) conducted by DGEC for determination of average household size.

3.2.2 PRESENT POPULATION

The pre-census 2000 lists up not only inhabited neighborhoods but also ongoing residential
development sites which are currently not inhabited.  For example, 86 houses in Colonia
Casandra are listed indeed there is no inhabitant.  After the screening of such uninhabited
neighborhoods, a number of the existing household is estimated at 188,341 households.
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Table 3.1 shows average household sizes during 1997 to 1999 according to EPHPM.

Table 3.1 Average Household Size from 1997 to 1999

Year June 1997 March 1998 March 1999

Average HH Size (persons/HH) 5.12 5.09 4.95

Source: The Permanent Multiple Purpose Questionnaire Survey of Families (EPHPM), DGEC,
June 1997, March 1998, and March 1999

As shown in the table, the average household size is slightly decreasing.  In the estimation of
the present population, 4.95 persons/household in March 1999 was adopted while it might be
larger, or on the safer side from the planning viewpoint.

Then, the existing population of each neighborhood is calculated by multiplying number of
households by 4.95 persons/household.  The total urban population of Tegucigalpa in 2000 is
estimated at 932,288.

3.2.3 PROJECTION OF TOTAL POPULATION

(1) Previous Population Projections

Table 3.2 shows population projections after the issuance of the Census 1988.  Table 3.2
implies how little reliable information exists concerning the population of Tegucigalpa.  Many
of them assumed certain growth rate without solid justification.  Only the United Nations
Population Fund (FNUAP) applied a demographic model based on age and sex group.  This
FNUAP projection seems the most detailed population study among the above projections,
however, the projected population seems significantly underestimated.  The reason might be a
lack of migration information as explained in their report.

Table 3.2 Previous Projections of Urban Population in Tegucigalpa

Projected populationName of Study Issuer Year
In 2000 In 2015

Actualization of Master Plan for
Sanitary Sewerage in Tegucigalpa

SANAA 1992 1,047,300 1,548,500

RAPID IV(La Honduras de Hoy y La
Honduras del Manana), High Version

USAID,
SECPLAN, etc.

1995 1,200,000 2,250,000

RAPID IV(La Honduras de Hoy y La
Honduras del Manana), Low Version

USAID,
SECPLAN, etc.

1995 1,100,000 1,750,000

Tegucigalpa Urban Transport Study JICA 1996 769,764 1,046,385

Honduras Population Projection -
HON/94/P02

FNUAP,
SECPLAN, DGEC

1996 *835,294 Not
available

*) :The total population of Tegucigalpa including the rural population.

Source: Tegucigalpa Urban Transport Study (JICA,1996), Actualization of Master Plan for Sanitary Sewerage in
Tegucigalpa (SANAA,1992), Honduras Population Projection-HON/94/P02 (FNUAP, SECPLAN and DGEC,1996)

(2) Projected Total Urban Population

In Honduras the reliability of census data is a matter of argument.  It is reported that the
omission rate of the Census 1974 might have reached 10 %, nevertheless its quality is superior
to previous censuses.  Post evaluation of the Census 1988 estimated 4.57 % of omission rate.
Therefore, it is concluded that the previous censuses before 1974 are not reliable from the
statistical viewpoint.  Hence, the total population was projected based on the census 1974, the
census 1988, and the present population estimated in the Study, as shown in Figure 3.1.
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Figure 3.1 Trend of Total Urban Population in Tegucigalpa

Applying a linear extrapolation, total urban population was estimated as shown in Table 3.3.
The total urban population in 2015 is estimated at 1,376,822.

Table 3.3 Projection of Total Urban Population in Tegucigalpa

Year 2000 2005 2010 2015

Projected population 932,288 1,080,466 1,228,644 1,376,822

3.2.4 POPULATION PROJECTION FOR EACH NEIGHBORHOOD

(1) General

The fact that a number of neighborhoods has been increased around 60% from 1988 to 2000
indicates a further increase of neighborhoods in future.  However, we can predict neither the
location nor the population distribution for such neighborhoods.  For such neighborhoods what
we can do is to estimate the population growth as a whole, without specifying the exact location.
Considering it, we categorized projected population into following groups.

‐ Population in the existing inhabited neighborhoods

‐ Population in the planned neighborhoods/the existing neighborhoods with expansion plan

‐ Population in the neighborhoods to be settled in future

Table 3.4 summarizes the concept of annual population growth of each group.

Table 3.4 Concept of Annual Population Growth

Group 2000-2005 2006-2015

Existing neighborhoods
without expansion plan

Constant (Total–16,886
= 12,750 persons/year)

Existing neighborhoods
with extension plan/
Planned neighborhoods

Estimation based on planned lot
number (x persons/year )

Constant (Total – 16,886
= 12,750 persons/year)

Future neighborhoods 16,886 – x  persons/year Constant (16,886 persons/year)

Total Constant (29,636 persons/year)



Chapter 3: Planning Basis

56

(2) Annual Growth in Whole City

Since the Study assumes linear population growth for the whole city, the annual population
growth of the whole city is given as follows.

Annual population growth = ( Population in 2015 – Population in 2000 ) / 15 years
= 29,636 [persons/year]

(3) Annual Growth in Outside Existing Neighborhoods

Comparison of the Census 1988 and the estimated existing population in 2000 shows that
population increase in the newly constructed neighborhoods after the census was 16,886
persons/year, with assuming linear growth pattern.

(4) Annual Growth in Planned Neighborhoods and Extension of Neighborhoods

The pre-census 2000 contains ongoing residential development sites which are currently not
inhabited.  Furthermore, SANAA made a list of service contract of water supply and/or
sewerage with private developers, which contains the numbers of contracted lots.  Based on the
list and the pre-census 2000, the planned urbanization and planned extension of the existing
neighborhoods were identified as shown in Table 3.5.

Table 3.5 Planned Neighborhood and Planned Extension of Neighborhood
Name of Neighborhood Number of

Houses in 2000
Number of

Planned Lot

Col. Israel Sur  122  250

Zona Llanos del Potrero  33  181

Brisas de Jacaleapa -  243

Col. Plan de Los Laureles -  240

Col. Res. Las Hadas III Etapa -  324

Juana C. Rivera -  32

Lomas de Rio Grande -  60

Milpa Quemada -  780

Proyecto Banco Atlantida -  31

Proyecto Linda Vista Centro -  19

Residencial Agua Dulce -  158

Residencial Cienega -  1,000

Residencial La Estancia -  200

Residencial La Granja -  65

Residencial Las Uvas -  1,000

Residencial Los Encuentros -  2,000

Residencial Monte Pinos -  33

Residencial Toncontin -  100

Senor Jose Maria Agurcia -  210

Urbanizacion Osmond Maduro -  128

Aldea La Joya  323  437

Col. La Cascada  41  361

Col. Res. Lomas de Miraflores Sur  68  271

Col. Vista Hermosa del Norte  177  197

Col. Armando Calidonio  52  145

Col. Jesus Aguilar Paz  9  102

Col. La Vega  2  80

Total  827  8,647

Source: Pre-census 2000, DGEC, and SANAA, 2000

It should be noted that Ciudad Mateo is excluded from the present study because it is located at
the upstream basin of Los Laureles dam which is the protected zone for water source, and in fact
no urbanization permission has been issued for Ciudad Mateo by the Municipality Office.
Also Aldea S.O.S is excluded because it is an institute for orphans without domestic water use.
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All neighborhoods listed in Table 3.5 are assumed to be fully inhabited until 2005.  Then,
during the year 2000 to 2005 an annual population growth in each of such residential is given in
the following equation.

Annual population growth [persons/year] = (HP – H0) / 5 [years] × 4.95 [persons/household]

where, HP : Number of planned lots

H0 : Number of houses in 2000

After the year 2006 the same growth rate as the existing neighborhoods is applied.

(5) Annual Growth in Future Neighborhoods

Annual population growth in future neighborhoods which will be formed in future is given as
follows.

‐ During 2000 to 2005: 16,886 – x

‐ After 2006: 16,886
where, x : Annual population growth in the planned neighborhoods and planned extension

of the existing neighborhoods

(6) Annual Growth in Existing Neighborhoods

The annual population growth of the existing neighborhoods is given as follows.

Annual population growth = 29,636 – 16,886 = 12,750 [persons/year]

The annual population growth of existing neighborhoods is equally distributed to each
neighborhood.  After the year 2006 the planned urbanization and the existing neighborhoods
with expansion plan are regarded as the existing neighborhoods.

(7) Result of Population Projection for Each Neighborhood

The result of population projection for each neighborhood is shown in Table 3.6.

The present social class of each neighborhood classified by SANAA is also shown in Table 3.6.
In the table, the class W indicates a neighborhood where water is supplied by well, and the class
L indicates a neighborhood without water supply service by SANAA.  It is noted that the
classes L(A), L(C), and L(P) will become the class A, the class C, and the class P respectively,
when piped water supply will be realized.  Remaining class L will become the class T with
piped water supply.

3.3 URBAN AREA

During 1990s the Municipality Office of Tegucigalpa had an intention to extend the limit of
urbanization from present 201.5 km2 to 325 km2 within 20 years, as shown in Figure 3.2.  On
this matter the Municipality Office and SANAA had a series of discussions in 1996 and 1997.
According to SANAA’s technical-administrative reports No.117 and No.125, the major
conclusions were as follows.

‐ SANAA’s proposal to restrict urbanization in the existing boundary was generally accepted,
taking into account of sustainable development of the city, high risk zones for disaster, and
basin protection of water sources.

‐ Minor expansion such 2 to 4 km towards north and new urbanization of southeastern part of
the city were acceptable.

‐ Protected zones like El Hatillo and La Laguna del Pedregal should be kept.

‐ Upstream basin of Los Laureles dam should be treated as protected zone.
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The present study esteems these conclusions as well as the proposed urbanization limit in the
said reports, as shown in Figure 3.2.  At the same time, we understood that the definition of the
existing urban areas is a boundary of the existing neighborhoods listed in the pre-census 2000,
as shown in Figure 3.3.

As a conclusion, the urban boundary is defined in the Study as follows.

‐ To apply the boundary of the existing neighborhood listed in the pre-census 2000 as the
existing urban area.

‐ To apply the proposed urbanization limit by SANAA as the boundary of future urban
development.

3.4 WATER DEMAND FORECAST

3.4.1 GENERAL

Water demand was forecasted by the following category.

‐ Domestic use
‐ Commercial use
‐ Industrial use
‐ Public use

Water demand for domestic use can be calculated with multiplying unit water demands by
number of users, however, the lack of adequate data makes it very difficult to estimate water
demand for commercial, industrial, and public uses based on unit water demand.  The Study
adopts the assumption that the proportion of demands of these water uses to that of domestic use
is constant.

For the analysis of the spatial distribution of the water demand, the Study applied a
neighborhood as a spatial unit, because of the following reasons.

‐ A neighborhood is the most adequate from the viewpoint of resolution and data availability.

‐ A neighborhood can be treated as an aggregation of households of a certain social class,
based on which different unit water demands can be applied.

3.4.2 WATER SUPPLY POLICIES

Presently the domestic use can be classified by supply method as follows.

‐ Pipelines

‐ Tank lorries

‐ Wells

From the viewpoint of users’ convenience, water supply through pipelines is the most preferable.
The Study aims to expand water supply area through pipelines, however, it does not mean that
the whole domestic users will be supplied water through pipelines in 2015, the target year of the
master plan.  The Study applies the following water supply policies.

‐ Neighborhoods where water is supplied by well are left as it is for the effective utilization
of limited water sources.

‐ In existing, planned and expanded neighborhoods, water is supplied by pipeline.

‐ In neighborhoods to be formed in future other than planned one, water is supplied by tank
lorry.
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Since most of immigrants will settle down outside the existing neighborhoods as in the past, the
most of future neighborhoods will be formed as developing communities without control.  For
these neighborhoods distribution system can not be planned without spatial information.

Furthermore, it is necessary to establish a policy for control of such unplanned housing.  They
exist outside of public services in the initial stage of the formation, and as time goes on,
residents of those neighborhoods start to complain about no existence of public services and to
put pressures to expand their services to their areas.  Finally, they become parts of urban areas
where ordinary public services are available.  SANAA has been being forced to expand their
service area for this reason for long time.  Unfortunately, as such housing used to occur in
higher areas, SANAA was often forced to construct new reservoirs and pumping systems with
unreasonably high costs.  Therefore, restrictions of the water supply method in these areas may
contribute to control such unplanned housing or to lighten the abovementioned SANAA’s heavy
burden.

3.4.3 SERVICE AREA AND SERVICE POPULATION

As mentioned above, water supply areas through pipeline is limited to the areas of which
locations can be identified by currently available information.  The neighborhoods to be
formed in the future are supposed to be located out of the pipe water supply areas and within the
future urban area.  Figure 3.4 shows the planned service areas of SANAA water supply service
through pipe and by tank lorry.

The existing service population is estimated based on the existing population in each
neighborhood and its social class classified by SANAA.  The future service population is
estimated according to the aforementioned water supply policies, with the following
assumptions.

‐ The social class of each neighborhood will remain until 2015.

‐ The existing L class neighborhoods will be served by pipe from the beginning of 2008.

Table 3.7 shows the result of service population projection.

Table 3.7 Result of Service Population Projection
Year Served by

pipe Class S Class A Class M Class C Class B Class P Class T
Served
by tank

lorry

Served
by well

Total

2000  852,271  13,994  28,121  76,374  19,770  69,973  198,322  445,718  66,706  13,311  932,288

2001  871,457  14,186  28,507  81,592  20,042  71,315  203,974  451,840  76,966  13,501  961,924

2002  890,642  14,378  28,893  86,811  20,313  72,657  209,627  457,962  87,225  13,692  991,559

2003  909,828  14,570  29,280  92,029  20,585  74,000  215,279  464,085  97,484  13,882  1,021,195

2004  929,013  14,763  29,666  97,248  20,857  75,342  220,932  470,207  107,744  14,073  1,050,830

2005  948,199  14,955  30,052  102,466  21,128  76,684  226,585  476,329  118,003  14,264  1,080,466

2006  959,836  15,138  30,421  103,724  21,387  77,625  229,365  482,175  135,827  14,439  1,110,101

2007  971,473  15,322  30,790  104,981  21,647  78,566  232,146  488,021  153,651  14,614  1,139,737

2008  1,062,327  15,505  31,910  106,239  22,005  79,507  244,672  562,489  92,256  14,789  1,169,373

2009  1,074,902  15,689  32,288  107,496  22,265  80,448  247,568  569,147  109,143  14,964  1,199,008

2010  1,087,476  15,872  32,666  108,754  22,526  81,389  250,465  575,805  126,029  15,139  1,228,644

2011  1,100,051  16,056  33,043  110,011  22,786  82,330  253,361  582,463  142,915  15,314  1,258,279

2012  1,112,625  16,239  33,421  111,269  23,047  83,271  256,257  589,121  159,801  15,489  1,287,915

2013  1,125,200  16,423  33,799  112,526  23,307  84,213  259,153  595,779  176,687  15,664  1,317,550

2014  1,137,774  16,607  34,176  113,784  23,567  85,154  262,049  602,437  193,573  15,839  1,347,186

2015  1,150,348  16,790  34,554  115,042  23,828  86,095  264,945  609,095  210,459  16,014  1,376,822

Unit : Persons
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3.4.4 UNIT WATER DEMAND FOR DOMESTIC USE

As mentioned in Chapter 2, the existing unit water consumption for the domestic use is
estimated 111 l/c/d.  In Tegucigalpa the unit water demand must be larger than the unit water
consumption because it is apparent that people can not consume water as much as they want due
to severe rationing of water supply.  However, it is very difficult to estimate the existing unit
water demand quantitatively.  The Study applies SANAA’s design standards of unit water
demand of each social class as shown in Table 3.8.

Table 3.8 SANAA Design Standards of Unit Water Demand

Class Unit Demand (l/c/d)

S 300

A 230

M 180

C, B, and P 150

T 100
Source: SANAA, April 2000

Based on SANAA design standards, the weighted average unit demand for domestic use
supplied by pipe is 132 l/c/d.  This value is 19 % bigger than the estimated unit water
consumption of 111 l/c/d.

As a unit water demand for tank lorry the Study adopts 30 l/c/d based on the standards for
public tap users in developing countries.  For the domestic use supplied by well, the unit water
demand for the class T of 100 l/c/d is adopted.

3.4.5 RESULT OF WATER DEMAND FORECAST

(1) Domestic Use

Water demand for domestic use is forecasted based on the unit water demand and service
population of each social class.  It is assumed that the adopted unit water demand of each
social class shown in Table 3.9 will be constant until 2015.

Table 3.9 Adopted Unit Water Demand

Class Unit Demand (l/c/d)

S 300

A 230

M 180

C, B, and P 150

T and W 100

L 30

It is noted that during 2000 to 2007 the water demands of classes L(A), L(C), L(P), and L(T) are
calculated based on the unit demands for the classes A, C, P, and T respectively, however, the
estimated demands are counted as the demands of tank lorry supply.
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(2) Non-domestic Use

Based on the existing composition of water uses shown in Table 2.10 with slight modification,
the future water demand for non-domestic uses are estimated by the following equations.  Here,
Dp is demand for domestic use through pipe system.

Commercial use = 0.130×Dp

Industrial use = 0.039×Dp

Public use = 0.130×Dp

(3) Estimated Water Demand

The results of water demand forecast are shown in Table 3.10.  Water demands in 2000 and
2015 are compared in Table 3.11.

Table 3.11 Comparison of Water Demands in 2000 and 2015

Category Water Demand in
2000 (m3/day)

Water Demand in
2015 (m3/day)

Increase
(%)

Domestic by pipe 112,195 150,832 34.4
Class S 4,198 5,037 20.0
Class A 6,468 7,947 22.9
Class M 13,747 20,707 50.6
Class C 2,966 3,574 20.4
Class B 10,496 12,914 23.0
Class P 29,748 39,742 33.6
Class T 44,572 60,909 36.7

Domestic by tank lorry 3,010 6,314 209.8

Domestic by well 1,331 1,601 20.3

Commercial 14,571 19,589 34.4

Industrial 4,371 5,877 34.4

Public use 14,571 19,589 34.4

Total demand 150,049 203,800 35.8

The water demands for pipe increase by 34.4%, which is almost equal to the service population
increase of 34.7 %.  The water demand for tank lorry supply increase by 209.8 %, however, its
impact on the total demand is small.  The increase of total demand is 35.8 %.

3.5 REQUIRED FLOW RATE

3.5.1 INTRODUCTION

Design capacities for facility planning are determined based on the following flow rates.

‐ Required intake rate

‐ Required production rate

Both flow rates on average daily base are defined as follows.

‐ Required production rate = Water demand + Physical loss

‐ Required intake rate = Required production rate + Operation loss
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The relation of both flow rates is schematically explained in Figure 3.5.
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Figure 3.5 Definition of Various Planning Bases

The design capacities for facility should be able to absorb a fluctuation of water demand.  Thus
following design flows are used as design capacities.

‐ Average daily value : an average value of daily mean flow during a year
‐ Maximum daily value : a maximum value of daily mean flow during a year
‐ Maximum hourly value :a maximum value of hourly mean flow during a year

For example, treatment plants and distribution reservoirs are designed based on the maximum
daily value because they have storage capacity to absorb fluctuation in a day.  On the other
hand, distribution pipes are designed based on the maximum hourly value because no storage
capacity did they have.

It is common to obtain the maximum daily and hourly flows by multiplying the average daily
value by daily and hourly peak factors, respectively.  The peak factors are determined
empirically based on the size of service population, climate of the service area, etc.  In the
Study the following peak factors are adopted.

‐ Daily peak factor : 1.2

‐ Hourly peak factor : 1.8

It should be noted that the physical loss is not related to peak factors because the physical loss
does not correspond to demand fluctuation.

3.5.2 REQUIRED PRODUCTION RATE

As explained in the previous chapter, the existing physical loss is estimated at 30% of the
distributed rate by pipe.  It is assumed that the physical loss will decrease at a constant rate to
25% by the year 2015, considering the effect of the leakage control proposed in the master plan.

The average daily required production rate is given by the following equation.

Average daily required production rate = WDP + WDTL + PL

PL = WDP × RP / (1 - RP)
Where, WDP : Water demand by pipe, WDTL : Water demand by tank lorry, PL : Physical loss, and RP: Ratio of
physical loss to distributed water by pipe.

The maximum daily required production rate is given by the following equation.

Maximum daily required production rate = 1.2 × (WDP + WDTL ) + PL
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The required production rate is estimated as shown in Table 3.12.

Table 3.12 Estimated Required Production Rate

Required production rate 2000 2005 2010 2015

Average daily rate 211,164 233,747 256,298 267,494

Maximum daily rate 240,908 267,544 294,090 307,934
(Unit: m3/day)

The required production rate will increase 26.7 % on average daily base and 27.8 % on
maximum daily base during 2000 to 2015.

The daily peak factor of the required production rate becomes 1.1512 (= 307,934÷267,494),
which is different from 1.2 of the applied daily peak factor of water demand.  This is because
the required production rate includes the physical loss, which does not correspond to demand
fluctuation.  The Study applies 1.1512 as the daily peak factor of the required production rate.

3.5.3 REQUIRED INTAKE RATE

Based on the estimated existing operation loss and empirical data, the operation loss is assumed
constant at 6 % of the required intake rate until 2015.  Then, the required intake rate is given
by the following equation.

Average daily required intake rate = Average daily required production rate / (1 - 0.06)

Maximum daily required intake rate = Maximum daily required production rate / (1 - 0.06)

The required intake rate is estimated as shown in Table 3.13.

Table 3.13 Estimated Required Intake Rate

Required intake rate 2000 2005 2010 2015

Average daily rate 224,643 248,668 272,657 284,568

Maximum daily rate 256,285 284,668 312,862 327,589
(Unit: m3/day)

Figure 3.6 shows the estimated average daily and maximum daily required intake rates.
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Figure 3.6 Required Intake Rate
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