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September 4. 1989

To: Drr. Rana, NBPGR
Di-. B.P. Srivastava. USAID
Dr. Colin McClung, Wirrock

From: David R. Mears

Re: Design corcept for areenhouse facilities for
The Plant Quarantine Division of NRPGR

Enclosed is a report containing recommendations for the design concept for
the areenhouse facilities reaiired by the Plant Quarantine Division for the
locations cspecified at  New belhi, Bhowali, Hyderabad and the Andaman
I=lands.

These plans and recommendations have been developed after a number of
discussicns and consultations with members of your staffs and with several
representatives of greenhouse manufacturers operating in India. Also,
before coming to 1lndia plans and zpecifications for several USDA aquarantine
facilities were obtained and reviewed.

Based on these discussions and naving visited two of the proposed sites on
this trip and one during an earlier assiamment in India as well as a site
visit to a commercial tacility utilizing state of the art greenhouse
technology in Barnwalore it i< mv belief that facilities meeting the
functional requirenents requested by NBFGR can be constructed on a turn key
basis. As indicated in the document., certain critical components including
the cooling system=s, controls and glaring must meet rigid performance
specifications and as these itens are not yet available in India it is
recomnended  they be imcorted.  The functions of the aquarantine facilities
izt be maintained.

The construction of these facili ties will give NROGR the capacity to carry
out. the tazks indicated in the zcope of work., 1t should be enphasized that
continued <uccessful performance of the facilities over time will require
careful attention to the deltails of facility operation and maintenance.
The possibility of utilizing the facilities of local greenhouse operators
where state of the art environnental control and structural units are 1in
opeiration for the traiming of perzonrel should be considered.

It has been a rewardina experience working on this project and hopefully
the  project can be tnmplementod 1 a tusely fashion. I want to express my
sincere appreciation  to  all those who have helped with the logistical
support and with providing information and insight,
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DESIGN SPECIFICATIONS DRAFT OF SEPYEMBER 3, 1989
INTRODUCTION

The recommendations contained in this report are in response to a request
to provide such information for technical assistance and guidance in the
design of greenhouses for the quarantine division of NBPGR. The scope of
work is contained in an appendix.

In initial discussions with NBPGR and USAID it has been made clear that it
is their desire that plans for the required facilities be developed in such’
a way that a single turn key contract can be let, preferably to an Indian
firm which has an established track record of successful greenhouse
erection and operation in India and has access to appropriate sources in
the US for that equipment which must be imported.

During the course of the discussions with a number of parties concerned
with the final implementation of the project » number of ideas have been
developed regarding the plans for these facilities. These discussions have
been extremely useful in focusing attention on the key functional
requirements for the various tasks to be performed, namely: plant
propagation, virus indexing, plant quarantine and screened growing. There
have been several iterations in this planning process and a number of
initial planning concepts have been discarded in favor of developing
improvements. :

It is to be noted that the placement of the first three functions in a
single structure appears to be a unique solution to the problem of locating
all types of facility at a single station. The construction and operating
costs are going to be significantly less than if gseparate structures were
erected and the functional requirement of isolation of the material under
test from the local environment is maintained to the eame degree as would
be the case in individual units. The most significant improvement in
planning concept is the switch from what had been considered to be screen
houses for the growing out of clean plant material in an insect free
environment to a more effective and efficient low cost greenhouse structure
suitably screened against local insects as required,

The design concepts laid out .1 thisg report will meet the functional
requirements as specified by NBPGR. These requirements as ascertained in a
series of intense discussions are spelled out in the section on responses
to requests for data. The structures proposed are based on state of the
art commercial greenhouse technology modified to provide the specified
level of security against ingress and egress of insects. It should be
noted that these facilities provide the environment in which recommended
phytosanitary practices can be carried out. It is essential that in the
operation and maintenance of these facilities these practices be followed,

The request that a design be developed which can be implemented as a turn
key project by an Indian firm has been honored. A key element in the
design concept is -keeping the design components in the range of commercial
greenhouse technology wherever possible. 1In this regard it must be noted
that the provision that some or all of the plant quarantine compartments be
equipped as bacteriological containment Familitsnm smeemeooi_ 11 .
departure from this concept.



STRUCTURE FOR PLANT PROPAGATION, QUARANTINE AND VIRUS INDEXING
Layouts and sizes:

A variety of arrangements and floor plan layouts to achieve the objectives
of NBPGR for greenhouse facilities for the quarantine division have been
considered. 1Initial consideration was given to separate structures for
each of the four functional activities: plant propagation, plant
quarantine, virus indexing and screened growing areas. It is clear that
significant advantages can be obtained by joining the first three units in
a single building at each location.

As these functions all require that materials transported to and from them
be isolated from the outdoor environment the enclosed corridors needed will
be minimized if the units are as close together as, possible. Also, putting
the units together in one structure reduces the number of exterior walls
conserving both construction costs and operating costs for energy as well
as land area. The interior walls separating the functional areas need to
be sealed against movement of insects as do all exterior walls. As 60 mesh
screening is mandated by NBPGR it is essential that all structural elements
be sealed completely so there are no openings larger than that of a 60 mesh
screen, ie less than 0.01 inch.

In order to put the plant propagation, quarantine ard virus indexing areas
in a single structure, the number of quarantine compartments becomes the
major determining factor in the total building size. In most cases this
results in providing somewhat more area for propagation and virus indexing
than originally requested. It should be noted that due to the shape and
dimensions of the building these increases come at the expense of adding
interior wall and roof sections without any change in the building ends
which bear most of the structure and equipment cost. Note the original
requested dimensions of 40’ width for propagation and 20' total width for
virus indexing are maintained and changes proposed are only in the length.

At New Delhi the plan shown in the sketches calls for 10 quarantine
compartments with 5 located on each end of the building resulting in a
building 50’ long. Note that 10’ modular post spacings and 20’ modular
widths are common standard commercial units. Allowing a 5’ corridor the
compartments are the 10'xi5’ requested, except the end compartment can
utilize the extra 5’ for a total lingth of 20'. The proposed propagation
unit is then 40'x50’ which is 20’ longer than the original request. The
virus indexing area at 20'x50' is similarly 20’ longer than requested.
Note that fixing the internal partitions under the gutters of a multispan
building will allow thorough sealing far more securely than would be the
case if the partitions where elsewhere and had to run to the roof up
through the trusses.

The building proposed for the Andamans is identical to the unit in New
Delhi and in that case the increased size of the propagation area does not
quite come up to the total area requested. The original request for 2
units each 30'x40’ would result in a total of 2400 square feet. The 2000
square feet proposed in one space will be more efficient vis a vis the
relationship between walkways and bench space as only one central aisle is
required, saving about 150 square feet of bench. Also note the virus
indexing area is 400 square feet larger than requested so the total for
virus indexing and quarantine are the same as proposed. As the
environmental requirements in virus indexing areas are at least those



requested for the propagation area there is the option to consider using
some of the extra virus indexing area provided for propagation if no
requirements for isolation are violated.

The building proposed for Bhowali would have the 4 quarantine compartments
along one side resulting in a building 40’ long. This results in both the
propagation area and the virus indexing area being 10' longer than
requested. At Bhowali the availability of a plot suitable for a unit this
size was established on a site visit.

The building for Hyderabad will have 3 quarartine compartments on each side
resulting in a building 30' long. Thus the propagation and virus indexing
areas are as requested originally. This arrangement results in a building
which has unusually short pad to fan distance. A layout with all 6
quarantine compartments along one side would give a building 60’ long. The
virus indexing and propagaticn could then each be in a section 20° wide by
60’ long giving the same area requested for propagation but double. that
requested for virus indexing. The first arrangement is the one for which
the heating and ventiiation requirements have been computed and tabulated.

Framing:

As noted above, the basic structure proposed to contain the propagation,
quarantine and virus indexing facilities is based on modular dimensions
which are fairly standard. There are a variety of acceptable approaches to
designing the main frame of the building. The frame should be designed to
withstand 20 pound per square foot loading’s (80 miles per hour wind).

It is recommended that the frame be high strength galvanized steel

tubing, preferably of square cross section for ease of fastening
accessories. There are commercial greenhouse units of these modular

~ dimensions which meet the needed strength and corrosion protection
requirements.

Glazing:

While there are a number of potentially viable glazing options for this
project it is recommended that major consideration be given to
Fiberglas and glass. NBPGR leadership has indicated a preference for
Fiberglas and this is a good choice. In selecting the Fiberglas to be
used it is essential that it be a high quality material such as Filon
Solar Plate/20 which is guaranteed to transmit at least 80% of
available light for 10 years and to be free from surface fiber
exposure and to be structurally sound for 20 years. Properly
installed on the above framing Fiberglas meeting these standards will
withstand the windloads expected at all 4 locations and anticipated
hail as per reports from Lhose interviewed regarding hail polential at
the sites.

Large sheet glazing with greenhouse quality glass having parallel surfaces
will also be a satisfactory choice. Spare glass should be stocked to
enable the prompt replacement of any broken panes. The use of double
walled extruded plastic glazing such as polycarbonate or acrylic sheets are
not recommended for this application. Their large volume to weight ratio
will make shipping costs very high. A major advantage of double walled
rigid glazing over single is the savings in heating energy costs, which is
not a major factor at any of the proposed locations. Double layer
polyvethylene is not recommended for these units where conlainment is



required as inadvertent damage can compromise the isolation from the
environment and the cover does need to be changed periodically which
would provide more of an opportunity for phytosanitary security to be
breached.

~ NBPGR has specified 'that in all three of these units all ventilation inlets
and outlets be screened against insects ingress or egress with nominal 60
mesh screening which provides for inlets no larger than 0.01 inch.
Therefore it is essentizl that all seams between individual Fiberglas
glazing panels and all edges, ends and corners be thoroughly sealed

with closure strips and sealants to prevent any cracks. It must also

be recognized that maintenance of the required integrity of the

glazing sealing will require regular inspection and maintenance by

NBFGR staff. Sunlight will deteriorate the sealing materials,

especially under Indian conditions of intense solar radiation and
prolonged high temperatures, (except at Bhowali).

Enclosed walkways:

It is mandated that at New Delhi a closed and insect proof walkway be
provided between the quarantine section of the new building and the
greenhouses. This enclosed walkway is to lead into both the greenhouse
complex and to a headhouse where soil for planting is prepared and pots and
other support materials are kept. The proposed layout for the corridor is
shown in the sketch, and the length of walkway to the main building is to
be determined. The materials to be used for the construction of the walls
and roof of the corridor need to be selected to prevent any ingress or
egress of insects and must have the same standard of sealing as the
greenhouses. It is suggested that Fiberglas be considered for both
headhouse and corridors providing a consistent construction method for
all. Light transmission at high levels is not needed and in order to

keep the temperature down opaque panels should be used for the most

part. Insertion of some transparent panels at intervals in the wall

can provide some natural light. To keep the corridor reasonably cool

it is suggested that an exhaust fan be placed at one end and an
evaporative pad system at the other end nearest to the main building.

Both inlet and exhaust must be screened with 60 mesh screen as with

the greenhouses.

Floors and drains:

All floors in the propagation, quarantine and virus indexing areas shall be
paved with concrete. Drains will be installed directing all drainage water
to a sump where it can be trested to insure against any release of
dangerous pests to the environment. Chemical or steam sanitation of the
discharge according to accepted phytosanitary standards will be requirerd.

Benching layouts:

A fixed peninsula bench system is recommended for each of the units in
plant propagation, quarantine and virus indexing. Peninsula systems give
the most usable bench area in a greenhouse of all fixed layouts. Fixed
benches will be generally more economical and easier to sanitize than
movable bench systems which do provide more space utilization. Concrete
benches are common in Indian research greenhouses and will be suitable for
this facility. Particular care should be taken that the surfaces are well
sealed and smooth to facilitate sanitation.



The layout for the small quarantine chambers as shown indicates a central
aisle with 3.5’ benches along either side wall and at the pad end. The
layout for the virus indexing units indicate a 3' main path down one side
wall with 2’ alleys between each bench. Recommended bench width is 6' with
a 3.5' bench area at the end of each alley. The 50’ long units proposed
{~r New Delhi and Andamans are shown in the sketch. A similar arrangement
can be utilized in the propagation house with the alleys and benches being
20’ longer than in the virus indexing area.

STRUCTURES FOR SCREENED GROWING

Initial consideration was given to screenhouses ior growing out crops in
the normal soil for the purpose of multiplying clean and disease free plant
material. In discussions it was noted that it has been observed that when
screening fine enough to exclude insects is used for the roof light is
reducec. below the point that is acceptable. Also it was noted that the
functional requirement is to provide an environment e:ssentially the same as
the external environment but protected against any ingress of insects. The
interral area can be laid out for various crops but need not be
compartmentalized as the interior is all to be insect free and only clean
material is being grown.

In light of these requirements it is recommended that standard ground to
ground quonset greenhouses be constructed with screened inlets at one end
and screened fans at the other. By providing about 1 air change per minute
of ventilation interior temperatures will not exceed ambient temperatures
by more than a few degrees. If cooler than ambient temperatures are
required an evaporative pad system can be added. The standard houses
should be 30'x96’ in size which is somewhat larger than originally
requested. In light of the cost of screening it should be noted that this
type of house will be substantially cheaper than an all screen house.
NBPGR has requested that this type of house also be covered with

Fiberglas of the same standard as the other units. This is a

reasonable request. Ar alternative would be double covered

polyethylene of good quality. Poly film such as Armin Tufflite III or

CT Films (forwerly Monsanto) 703 would be suitable. An advantage of
polyethylene over Fiberglas in addition to cost is the ease of sealing

the entire roof. As the cover is one piece and the long edges can be
buried the only cuoncern regarding sealing against insect ingress is

the screened ends. A major concern regarding the use of polyethylene
glazing is the potential problem of acquisition of replacement film as
suitable material is no! yet available in India.

In New Delhi it is recommended by NBPGR that the 4 units described above wc
located at some appreciable distance from the other units as casual
laborers are to be employed with an increase in probability of accidental
damage to the structure. There are 2 units required at Andamans and 1 each
at Bhowali and Hyderabad.



ENVIRONMENTAL CONTROL - HEATING
Design assumptions:

The design inside temperatures for the propagation, quarantine and virus
indexing houses is 15 C. The coldest reported outdoor temperatures are 5 C
at New Delhi, -2 C at Bhowali, 12 C at Hyderabad and 21 C at Andamans. No
heat is required at Andamans.

Capacities:

The heating design calculation results for the various units are shown in
the attached table. Note thal these calculations should be carefully
checked by the contractor as this work is being done quickly without double
checking of most calculations.

Equipment:

The suggested heating equipment capacities are set out in the attached
table. It is suggested that gas fired unit heaters be used for the plant
propagation and virus indexing units in New Delhi and Bhowali where the
peak load requirements are the highest. Unit electric heaters are
suggested for the quarantine chambers as independent control is nceded
for each unit and unit capacities are from 1 to 4 KW. Similarly, the
requirenents for propagation and virus indexing at Hyderabad can be

met by unit electric heaters. Note that degree day data on which
annual heating energy requirements can be computed are not available
but it is indicated that the design minimum temperatures rarely occur
and that heating energy costs are not considered a major concern.

Controls:

The controls for the electric heating units in the quarantine chambers
should be single stage thermostats, one for each chamber and unit heater.
There are a total of 21 such units, 10 at New Delhi, 4 at Bhowali, 6 at
Hyderabad and 1 for the heat treatment compartment at Andamans.

The controls for the heating systems in the plant propagation and virus
indexing units at the three locations requiring heat should be gsingle stage
controls which are teamed up with the cooling system 4 stage control.

There are a total of 6 such units required. There is no indication from
NBPGR that separate day/night control is required and single settings for
heating and cooling for the full day are acceptable.

ENVIRONMENTAL CONTROL - COOLING
Basis for airflow estimates:

The ventilation design calculation results are presented in the attached
table. The method of calculating the design airflow follows that in the
ACME Greenhouse Climate Control Handbook. Note that in all these
calculations, except for the screened growing areas, the short pad to fan
distance dictates a relatively high airflow capacity. The base airflow
rate of 8 cfm per square foot of floor is multiplied by the appropriate pad
to fan factor from the design table. These factors are:



1.83 for pad to fan distance of 30 ft

1.58 for pad to-fan distance of 40 ft

1.41 for pad to fan distance of 50 ft
Note that for the screened growing houses this factor can be taken as 1.0.
As with the heating calculations above, the contractor should carefully
check all these figures.

Airflow requirements:

The airflow requirements for the various units are shown in the attached
table along with the floor areas on which they are based. As the airflow
requirement for the individual quarantine chambers is so low it is proposed
that the fans be arranged so that one set of fans operating in three stages
can ventilate an entire row of 3, 4, or 5 chambers. This can be done by
having the air inlet for each chamber through a screen and wet. pad on the
outer wall and the discharge to the center corridor through screening in
the door or corridor wall! The air then is drawn up through & screen over
the corridor by the exhaust fans mounted in the gable end over the corridor
ceiling. The end compartment discharges directly through an extension of
the screened corridor ceiling rather than through the door to the corridor.
Alternatively, the end chamber could also have a screened door with the
extension of the corridor ceiling over that chamber completely sealed.

When the system has been constructed the ventilation system should be run
and the airflow checked to see that comparable amounts are flowing in each
chamber. If necessary, the screened opening from chamber to corridor may
have to be partially masked in some units to balance airflow.

Note that for biological security it is preferable that the air be
moving out of the corridor whenever any exterral doors are open in the
quarantine units. With the layout proposed it is possible to insure
this by having the first stage of ventilation in these units
controlled by a switch in the lock in the access door so that whenever
workers are present and entry is possible the door will be unlocked
and the first stage ventilation activated. Early in the morning in
winter there may be times when entry should be delayed until cold
conditions very early in the morning ameliorate. It is not
anticipated that this method of control of insects by having a minimum
exhaust airflow when workers are present will cause problems with
overventilation under cold conditions as it is not expected that
workers will be in the quarantine units during cold nights.

Exhaust fan requirements:

The exhaust fans have been selected from a design table from the ACME
catalog and a copy of the table is attached. Note that the column for a
static pressure drop of 0.150" water pressure is utilized for equipment
selection to allow for the approximately 10% derating of the fan for 50
rather than 60 cycle operation. Note that all fan motors should be wired
for 50 cycle current at 220 volts. In-each unit fans have been selected to
allow for Lhree stages of ventilation. The exhaust fans selected for this
project should have a performance capability of delivering the required
airflow against a static pressure of 0.10 inches water pressure and with
the motor horsepower not greater than that of the units indicated in the
table.



Evaporative pad requirements:

The requirements for evaporative pad systems are laid out in the attached
table on ventilation design calculation results. Note that due to the
relatively short pad to fan distances the face velocities through the pad
are much lower than the 250 fpm normally used. The selection of the pad
areas required is based upon the performance characteristics of ACME KOOL-
CEL pad systems 4 inches thick. These systems have an evaporative pad
cooling efficiency of 0.88 at 100 feet per minute face velocity and 0.83 at
200 fpm. The respective air flow resistances at these velocities are 0.01
to 0.02 inches of water pressure. The pad system for any of the 30'x96’
screened growing area houses are an option as the requested requirement is
for environmental temperatures within a few degrees of seasonal ambient
which can be met by ventilation alone.

Shading:

In order to reduce plant stress and improve the effectiveness of the
ventilation and cooling systems a movable shade system is recommended for
the propagation, quarantine and virus indexing areas. The material '
recommended for this application is the LS material consisting of
combinations of strips of reflective aluminum and strips of clear polyester
giving variable amounts of shading. This material has been developed by
Ludwig Swensen in Europe and is highly reconmended for its effectiveness in
greenhouse cooling applications as well as for heat conservation. It is
suggestea that double systems be installed at all locations except Bhowali
where temperatures are not. as extreme as in the others. At Bhowali a
single system utilizing LS 13 material is suggested. At the other
locations the first system can be the same LS 13 and the second system can
be LS 15. With this selection shading of nominal 30% or 50% or both can be
selected. While consideration should be given to using a mechanical ‘
shading drive system in the larger plant propagation areas simple hand
operation should suffice in the other areas. As the peninsula bench system
is being utilized hand operation of the systems in the larger plant
propagation area should be feasible if the materials are pulled across the
house allowing the workers to pull from the cross alleys.

Fog:

The use of fog to relieve plant stress is coming into widescale commercial
practice in many areas and does allow practical commercial production of
some cool weather crops in sumner conditions. It is suggested that a fog
system be installed in at least one location, preferably New Delhi. A
single filter/pump system can be installed with fog nozzles on lines

with individual shutoffs to each compartment in plant quarantine and

to the plant propagation and virus indexing units. Note that the
analysis of the agmet data provided to date indicates that there will

be times in New Delhi when the wet bulb tempercture exceeds 25 C and

that target temperature will therefore be exceeded. How much time

this will occur is not certain. Fog has demonstrated capabilities for
reducing plant stress at higher than normal growing temperatures. It

is possible that relieving plant stress may enable virus expression at
higher than normal growing temperatures. As mechanical air

conditioning of the virus indexing greenhouse area would require about

30 tons of capacity it is suggested that evaporative cooling with

shading and fog be considered.



Controls:

Fans have been selected so as to provide for 3 stages of cooling in plant
propagation, quarantine and virus indexing units. The punp for the
evaporative cooling system should be the fourth cooling stage. Windows
should be located outside the cooling pads and opened by an external rack
and pinion with the opening in 3 stages with the number of fans operating.
The first stage cooling window opening should allow for an inlet velocity
through the window of about 800 fpm to insure uniform air delivery along
the length of the window. Note that plant quarantine chambers having the
capability to operate as bacteriological containment or heat treatment
chanbers need to be set up so that the wir w on those chambers can be
manually disconnected from the rack and pinion and kept closed while those
window sections on quarantine chambers operate normally.

The thermostat for controlling the ventilation and evaporative cooling
in the quarantine units should be located in the center chamber and
that should be the last chamber utilized on that side for
bacteriological containment. If all chambers are so utilized only
first stage ventilation should be used to move some air through the
corridor when the doors are opened to the outside. The
thermostats/temperature sensors in plant propagation -and virus
indexing sections should be located near the center. All thermostats
should be shielded from direct sunlight and fan aspiration of the
sensing element is recommended.

ENVIRONMENTAL CONTROL - LIGHTING

Capability of lighting for continuous 24 hour photosynthetic lighting to
increase the likelihood of virus expression is requested. It is suggested
that this capability be installed in a single quarantine chamber or in a
limited area in the virus indexing unit. Based on other lighting
research it is suggested that PL-830 light fixtures from PL-
Lightsystems be installed. At a mounting height of 1,05 m these

light an area of 4.75x1.95 m at an intensity of 4000 foot candles.

These lights utilize high pressure sodium lamps which do have a

spectral distribution of the light energy which has been found

effective for photosynthesis for a wide variety of crops. A critical
requirement. for horticul tural lighting fixtures is the uniformity of
light intensity at the crop level produced by a fixture mounted at a
convenient height above the crop. These fixtures have the required
uniform distribution pattern needed for this purpose.

ENVIRONMENTAL CONTROL - SCREENING
Functional requirements:

As indicated, NBPGR mandates that screening against ingress or egress of
insects be provided for all air inlets and exhausts and that such screen be
of nominal 60 mesh. 1In order to insure proper air flow it is essential to
provide sufficient screen area that velocities will be low enough so as not
to cause unacceptable back pressure on the fans. The quarantine chamber
air will flow through 3 layers of screen and all other units will have
airflow through 2 screens. As the total static pressure contributed by the
screening should be no more than 0.05 to 0.06 inches water pressure screen
pressure drops should be under. 0.02 inches.


http:4.75x1.95

Areas required based on current assumptions:

Some tests have been conducted on vi'reens to discover airflow/pressure drop
relationships and based on some information in hand the area of screening
proposed in the attached table are at 50% more than the pad open area. At
this rate the 2' high pads used on all plant quarantine chambers will have
a 3’ high screen. This gives 30 square feet of inlet screen for each
inlet. The drawing of the section of the chamber indicates an option for a
6'x3' door with additional screen on the corridor wall. It could be an
option to put all the required screen in the wall rather than the door.
Note that if future tests indicate pressure drops are less severe less
Screen area may be acceptable. The 3' screen in the ceiling matches the
area on the inlet. The screen inside the inlet pads needs to be at least
4" away from the wet pad.

The screened inlets for the propagation and virus indexing areas are
indicated in the attached tables and drawings as 6’ high to correspond to
the 4’ high pads. This gives a screen area of 120 square feet for the
virus indexing and 240 square feet for the propagation areas. Similar
screened areas need to be provided over the inlets to the exhaust fans,
These internal screens need to be §" away from the pads and 3’ away from
the inlets to the exhaust fans.

On the inlet to the screened growing houses of 30'x96' the inlet screens
are 9'x30’ and equivalent screens need to be located inside the exhaust
louvers. These screens need to be 1 ft off the end walls. The screens
inside the inlet end can be within §" of the wet pads if pads are used but
should be at least 2 ft off the end wall if there is only a window and no

pads.

Materials options:

NBPGR is using a locally available 60 mesh stainless steel wire which is
reported to have a wire diameter of .15 mn, a 38% open area and .01"
opening. It comes in 3’ and 4' widths and currently costs Rs 35 per squrre
foot. 1In initial discussions it was indicated that the use of plastic
materials was not desired due to anticipated short life due to weather and
ultra violet exposure. As all screens are envisioned as being installed
inside Fiberglas greenhouses and therefore protected from both weather

and ultra violet rays this option of plastic screening could be

considered. Note all internal screens need to be installed in panels

which can be removed for maintenance and cleaning.

Proposed testing and assumption confirmation/correction:

As indicated above, a critical consideration in determining the screen area
required is the resistance to airflow. One US university laboratory has a
wind tunnel sel up to enable such tests to be conducted and the sectional
area of the test unit is 4'x4’, 1If a sample of the local screen can be
obtained and tested the screen area requirements noted above can be
reconsidered and modified us necessary. As the amount of screening is
quite large and the unit cost is high there is a potential for significant
savings if the resistance to airflow is less than the assumption currently
being used. If the resistance is higher performance of the ventilation
system will be compromised so this testing should be done.
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MISTING CHAMBERS

NBPGR requests that at each location one plant quarantine chamber be set up
as a misting chamber. It is proposed that one of the end chambers with the
extra growing area be utilized for this purpose. A misting system and
contruller can be installed in the chamber.

HEAT TREATMENT CHAMBERS

NBPCR requests that at each location one plant quarantine chamber be set up
as a heat treatment chamber to treat materizls infested with virus at
elevated temperatures of 38 - 40 C for extended periods of time. To do
that it is necessary to decouple the chamber from the normal ventilation
system by disconnecting the window for that section from the rack and
pinion cpener. A supplemental heater on its own thermostat can be used to
boost the temperature above that being maintained in the other chambers
during either ventilation or heating. The most direct solution is to
ircrease the capacity of the heater in the chamber to be used for heat
treatment to provide the needed total capacitly. The required extra heating
capacity is 9 KW each at New Delhi, Bhowali and Hyderabad and 7 KW at
Andamans. The thermostats on the heat treatment chambers can be set up to
the desired temperature when being used for that purpose and at the lower
setting of 15 C when used for normal quarantine. The increased capacities
of the heat treatment chambers, also indicated on the heater unit table,
are: 13 KW at New Delhi, 15 KW at Bhowali, 10 KW at Hyderabad and 7 Kw at
Andamans.

In order to provide ventilation when solar input would raise the
temperature above the desired level a separate fan is required. An ACME
FCP1284 fan mounted in the gable end wall and screened with 12 square feet
of 60 mesh screening wiil provide sufficient airflow to keep temperatures
no higher than several degrees above outside temperatures. A matching
shutter inlet can be mounted in the end wall over the regular window and
behind the main inlet screen. This airflow will not be through the wet pad
system.

BACTERIOLOGICAL CONTAINMENT

NBPGR requests that all plant quarantine chambers also be equipped for
operation as bacteriological containment facilities with closed operation
under mechanical air conditioning. Under this mode of operation it is
recomnended that the chambers be kept under negative pressure with the air
being exhausted from the chamber through a HEPA filter system. At this
writing the airflow requirements for the chambers to provide satisfactory
negative pressure to satisfy U.S. Federal Standard 209B for Class 100
Conditions. However, NBPGR does have one indoor room equipped with such a
filter, (ULTRAKLENZ), provided by a local firm which could presumably gsize
and install units as needed. This exhaust unit and the air conditioning
unit could be installei in the external side wall of each chamber. This is
assuming unit air conditioners are used. Consideration should be given to
using central compressor units with evaporators and air handling units in
each chamber to reduce costs of installation, operation and maintenance.
There is the possibility of tying into the central air conditioning system
in the main building in New Delhi and using just evaporator/air handling
units in each chamber. The heat load eslimates for bacteriological
containment units are calculated on an attached sheet and are 10 tons for
corner units and 8 tons for interior chambers.

.
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PRIOCRITIES

As of this writing there has been no comprehensive effort to compute costs
of the total project as conceived in the above discussion. If the
quotations received should exceed what can be afforded and some adjustments
must be made consideration could be given to some of the following ideas
for saving total costs:

Presumably the cost of providing bacteriological containment will btz very
high. Therefore reducing the number of such facilities required could be
considered without seriously compromising most aspects of the program.

Note that 6 such chambers are currently being constructed in New Delhi. It
is clear that the environmental control systems in these units will not be
adequate for the purpose intended but advice on how to improve their- design
is to be given independently and use of those facilities may help -to
rolleve the load on the quarantine units designed here. Also some
consideration should be given to setting up indoor growth chambers for

this purpose where cooling requirements are much less as there is no

solar load. This question may best be considered by quarantine

experts knowledgeable in biological containment at high levels of

security.

It is anticipated that the cost of the enclosed corridors could be fairly
high if their length is very greal. As the layout and location of the
facilities is to be determined by NBPGR conesideration should be given to
minimizing this aspect. Consideration of having open exterior access
through double doored entryways as planned for the Bhowali site may be
given consideration at other sites if necessary. As it is anticipated that
the greenhouse in New Delhi will be constructed before the main building is
completed it is suggested that the connecting corridor not be a part of the
greenhouse construction contract but left to others for a later date. This
issue needs to be considered at Hyderabad and Andamans also.

As the environmental conditions in both propagation and virus indexing
areas are identical and both are required to be kept free of local insects
consideration could be given to eliminating the partition between them and
thereby simplifying the heating and ventilation systems and their controls,
Ventilation would presumably be set at the lower level of 25 C desired for
virus indexing and certainly acceptable for propagation of almost all
plants.

Consideration could be given of reopening the question of utilizing
polyethylene film rather than the more expensive Fiberglas for the
30'x96’ screened growing houses. As there is concern regarding the
ease with which recovering plastic material could be obtained in the
future, stocking reserve material could be considered. Note that both
Fiberglas and polyethylene will have to be imported as there is no
indication that acceptable materials are available within India.
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RESPONSES TO REQUESTS FOR DATA FROM NBPGR THROUGH AUGUST 27
Facility needs at each geographic location.
New Delhi

Weather, heating based on 5 C, cooling based on 45 C as per scope of work.
Note wet bulb temperature exceeds 28 C about 5% of the time as per ASHRAE.

Plant Propagation - for routine plant raising

One glass greenhouse screened against ingress/egress of insects with
nominal recommendation for a 60 mesh screen of a nominal floor size of 30
ft by 40 ft. Plants to be grown on benches in containers. Floor paved
with drain to collect run-off for treatment. Double door entry required.
Single zone for environmental control with provision for no less than 15 C
night temperature and target of no more than 30 C day temperature, Partial
shading by internal curtain system desired.

Plant Quarantine

One glass greenhouse screened against ingress/egress of insects with
nominal recommendation for a 60 mesh screen. There should be 10
compartments off a central corridor with single entry doors to the
corridor. Each compartment should be a nominal floor size of 10 ft by 15
ft. Plants to be grown on benches in containers. Floor paved with drain
to collect run-off for treatment. Double door entry to the central
corridor required. Double zones for environmental control with provision
for no less than 15 C night, temperature and target of no more than 30 C day
temperature. Partial shading by internal curtain system desired. Option
Lo use one of the compurtments for heat trentment of virus with ability to
maintain setpoint temperature of about 40 C day and night desirable. See
heat treatment below, Additional option to use one compartment for a mist
chamber as described below. Note quarantine cabinets also need to be used
at some times for bacteriological containment necessitating sealing the
compartment, putting it under negative pressure with a fan exhausting
through a HEPA filter and cooling by air conditioning. The compartments
can be separated into two areas.

Virus Indexing

Two glass greenhouses screened against ingress/egress of insects with
nominal recommendation for a 60 mesh screen. There should be a nominal
floor size of 10 ft by 30 ft. There can be a single house of at least
equivalent area. Plants to be grown on benches in containers. Floor paved
with drain to collect run-off for treatment. Double door entry required.
Single zone for environmental control with provision for no less than 20 C
night temperature and target of no more than 25 C day temperature. Partial
shading by internal curtain system essential, possibly a double system one
at 30% and the other at 45% for 3 possible levels depending upon
conditions. High pressure fog should be considered for maximal cooling
without resorting to use of a sealed facility with mechanical
refrigeration.  ASHRAE data indicates wet bulb temperatures in Delhi
exceed 28 C about 5% of the time. Ag met data on wet bulb temperatures may
indicate the desirability of having air conditioning for the virus indexing
section.



Screenhouses

Four screenhouses of nominal size of 25 ft by 75 ft. The walls should be
nominal 60 mesh screen and the roof glass. The entrance should be through
a double door. The interior area should be laid out in 3 zones. No
heating is required. Provision to introduce evaporatively cooled air would
be desirable. Alternatively, a fog cooling system could be considered.
Interior partitions do not need to be insect proof. Inside temperatures
should be near outside temperatures. One large area meeting insect proof
requirements would be acceptable. There is concern in this unit regarding
inadvertent damage to structure due to utilization of casual hire
employees. This structure can be away from the others and need not be
cornected via an insect proof corridor.

Mist Chamber

A mist chamber can be created at Delhi by utilizing one compartment of the
quarantine house by providing that compartment with an independently
controlled misting or fogging system. The chamber can be used as a
quarantine compartment by shutting off the extra mist or fog system and
setting the ventilation control as required for quarantine.

Heat Treatment

Heat treatment of up to 40 C can be maintained in one compartment of the
quarantine house by providing that compartment with the following options:
An independent control for ventilation
An auxiliary heating system with independent control
The compartment can be used for quarantine when not being used for heat
treatment by setting these controls at appropriate levels and the extra
heating capacity will not be utilized during those periods.

Bhowali

Weather, heating based on -2 C, based on site data and cooling based on 45
C as per scope of work. Note 4 months mean maximum temperature is about
28 C based on site data.

Plant Propagation - for routine plant raising

One glass greenhouse screened against ingress/egress of insects
with nominal recommendation for a 60 mesh screen of a nominal floor size of
30 £t by 40 ft. Plants to be grown on benches in containers. Floor paved
with drain to collect run-off for treatment. Double door entry required.
Single zone for environmental control with provision for no less than 15 C
night temperature and target of no more than 30 C day temperature. Partial
shading by internal curtain system desired.

Plant Quarantine

One glass greenhouse screencd against ingress/egress of insects with
nominal recommendation for a 60 mesh screen. There should be 4
compartments off a corridor with single entry doors to the corridor. Each
compartment should be a nominal floor size of 10 ft by 15 ft. Plants to be
grown on benches in containers. Floor paved with drain to collect run-off
for treatment. Double door entry to the central corridor required. Double
zones for environmental control with provision for no less than 15 C night
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temperature and target of no more than 30 C day temperature. Partial
shéding by internal curtain system desired. Option to use one of the
compartments for heat treatment of virus with ability to maintain setpoint
temperatur of about 40 C day and night desirable. See heat treatment
below. Also have option for misting in one compartment as described below.

. eeww Indexing

Two glass greenhouses screened against ingress/egress of insects with
nominal recommendation for a 60 mesh screen. There should be a nominal
floor size of 10 ft by 30 ft. There can be a single house of at least
equivalent area. Plants to be grown on benches in containers. Floor paved
with drain to collect run-off for treatment. Double door entry required.
Single zone for environmental control with provision for no less than 20 C
night temperature and target of no more than 25 C day temperature. Partial
shading by internal curtain system essential, possibly a double system one
at 30% and the other at 45% for 3 possible levels depending upon
conditions. High pressure fog should be considered for maximal cooling
without resorting to use of a sealed facility with mechanical
refrigeration.

Screenhouses

One screenhouse of nominal size of 25 ft by 75 ft. The walls should be
nominal 60 mesh screen and the roof glass. The entrance should be through
a double door. The interior area should be laid out in 3 zones. No
heating is required. Provision to introduce evaporatively cooled air would
be desirable. Alternatively, a fog cooling system could be considered.
Interior partitions do not need to be insect proof. Inside temperatures
should be near outside temperatures. There is concern in this unit
regarding inadvertent damage to structure due to utilization of casual hire
employees. This structure can be away from the others and need not be
connected viz an insect proof corridor.

Mist Chamber

A mist chamber for propagating cuttings can be created at Bhowali by
utilizing one compartment of the quarantine housc by providing that
compartment with an independently controlled misting or fogging system.
The chamber can be used as a quarantine compartment by shutting off the
extra mist or fog system and setting the ventilation control as required
for quarantine,

Heat Treatment

Heat treatment of up to 40 C can be maintained in one compartment of the
quarantine house by providing tLhat compartment with the following options:
An independent control for ventilation
An auxiliary heating system with independent control
The compartment can be used for quarantine when not being used for heat
treatment by setting these controls at appropriate levels and the extra
heating capacity will not be utilized during those periods.

Hyderabad

Weather, healing based on 12 C, and cooling on 43 C as per scope of work.
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Plant Propagation - for routine plant raising

One glass greenhouse screened against ingress/egress of insects with
nominal recommendation for a 60 mesh screen of a nominal floor size of 30
ft by 40 ft. Plants to be grown on benches in containers. Floor paved

- with drain to collect run-off for treatment. Double door entry required.
Single zone for environmental control with provision for no less than 15 C
night temperature and target of no more than 30 C day temperature. Partial
shading by internal curtain system desired.

Plant Quarantine

ne glass greenhouse screened against ingress/egress of insects with

ominal recommendation for a 60 mesh screen. There should be 6
ompartments. off a central corridor with single entry doors to the

orridor. Each compartment should be a nominal floor size of 10 ft by 15
t. Plants to be grown on benches in containers. Floor paved with drain
o collect run-off for treatment. Double door entry to the central

orridor required. Double zones for environmental control with provision
or no less than 15 C night temperature and target of no more than 30 C day
emperature. Partial shading by internal curtain system desired. Option
o use one of the compartments for heat treatment of virus with ability to
aintain setpoint temperature of about 40 C day and night desirable. See
eat treatment below. Additional option to use one compartment for a mist
hamber as described below. Note quarantine cabinets also need to be used
t some times for bacteriological containment necessitating sealing the
ompartment, putting it under negative pressure with a fan exhausting
hrough a HEPA filter and cooling by air conditioning. The compartments
can be separated into two areas.

Virus Indexing

Two glass greenhouses screened against ingress/egress of insects with
nominal recommendation {or a 60 mesh screen. There should be a nominal
floor size of 10 ft by 30 ft. There can be a single house of at least
equivalent area. Plants to be grown on benches in containers. Floor paved
with drain to collect. run-off for treatment. Double door entry required.
Single zone for environmental control with provision for no less than 20 C
night temperature and target of no more than 25 C day temperature. Partial
shading by internal curtain system essential, possibly a double system one
at 30% and the other at 45% for 3 possible levels-depending upon
conditions. High pressure fog should be considered for maximal cooling
without resorting to use of a sealed facilityv with mechanical
refrigeration. Ag met data may indicate air conditioning is required.

Screenhouses

One screenhouse of nominal size of 25 ft by 75 ft. The walls should be
nominal 60 mesh screen and the roof glass. The entrance should be through
a double door. The interior area should be laid out in 3 zones. No
heating is required. Provision to introduce evaporatively cooled air would
be desirable. Alternatively, a fog cooling system could be considered.
Interior partitions do not need to be insect proof. Inside temperatures
should be near outside temperatures. There is concern in this unit
regarding inadvertent damage to structure due to utilization of casual hire
employees. This structure can be away from the others and need not be
connected via an insect proof corridor.
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Mist Chamber

A mist chamber can be created at Hyderabad by utilizing one compartment of
the quarantine house by providing that compartment an independently
controlled misting or fogging system The chamber can be used us a
quarantine compartment by shutting off the extra mist or fog system and
setting the ventilation control as required for quarantine.

Heat Treatment

Heat treatment of up to 40 C can be maintained in one compartment of the
quarantine house by providing that compartment with the following options:
An independent control for ventilation
An auxiliary heating system with independent control
The compartment can be used for quarantine when not being used for heat
treatment by setting these controls at appropriate levels and the extra
heating capacity will not be utilized during those periods.

Andaman Islands

Weather, heating based on 21 C, and cooling on 33 C as per scope of work
and NBPGR data.

Plant Propagation - for routine plant raising

Two glass greenhouses screened against ingress/egress of insects with
nominal recommendation for a 60 mesh screen of a nominal floor size of 30
ft by 40 ft. Plants to be grown on benches in containers. Floor paved
with drain to collect run-off for treatment. Double door entry required.
Single zone for environmental control with provision for no less than 15 C
night temperature and target of no more than 30 C day temperature. Partial
shading by internal curtain gsystem desired.

Plant. Quarantine

One glass greenhouse screened against ingress/egress of insects with
nominal recomnendation for a 60 mesh screen. There should be 10
compartments off a central corridor with single entry doors to the
corridor. Each compartment should be a nominal floor size of 10 ft by 15
ft. Plants to be grown on benches in containers. Floor paved with drain
to collect run-off for treatment. Double door entry to the central
corridor required. Double zones for environmental control with provision
for no less than 15 C night temperature and target of no more than 30 C day
temperature. Partial shading by internal curtain system desired. Option
to use one of the compartments for heat treatment of virus with ability to
maintain setpoint temperature of aboul 40 C day and night desirable. See
heat treatment below. Additional option Lo use one compartment for a mist
chamber as described below. Note quarantine cabinets also need to be used
at some times for bacteriological containment necessitating sealing the .
compartment, putting it under negntive pressure with a fan exhausting
through a HEPA filter and cooling by air conditioning. The compartments
can be separated into two areas.



Virus Indexing

Two glass greenhouses screened against ingress/egress of insects with
nominal reccmmendation for a 60 mesh screen. There should be a nominal
floor size of 10 ft by 30 ft. There can be a single house of at least
equivalent aren. Plants to be grown on benches in containers. Floor paved
with drain to collect run-off for treatment. Double door entry required.
Single zone for environmental control with provision for no less than 20 C
night temperature and target of no more than 25 C day temperature. Partial
shading by internal curtain system essential, possibly a double system one
at 30% and the other at 45% for 3 possible levels depending upon
conditions. High pressure fog should be considered for maximal cooling
without resorting to use of a sealed facility with mechanical
refrigeratlion.

Screenhiouses

Two screenhouses of nominal size of 25 ft by 75 ft. The walls should be
nominal 60 mesh screen and the roof glass. The entrance should be through
a double door. The interior area should be laid out in 3 zones. No
heating is required. Provision to introduce evaporatively cooled air would
be desirable. Alternatively, a fog cooling system could be considered.
Interior partitions do not need to be insect proof. Inside temperatures
should be near outside temperatures. One large area meeting insect proof
requirements would be acceptable. There is concern in this unit regarding
inadvertent damage to structure due to utilization of casual hire
employees. This structure can be away from the others and need not be
connected via an insect proof corridor.

Mist Chamber

A mist chamber can be created at Andamans by utilizing one compartment of
the quarantine house by providing that compartment with an independently
controlled misting or fogging system. The chamber can be used as a
quarantine compartment by shutting off the extra mist or fog system and
setting the ventilation control as required for quarantine,

Heat Treatment

Heal treatment of up Lo 40 C can be maintained in one compartment of the
quarantine house by providing that compartment with the following options:
An independent control for ventilation
An auxiliary heating system with independent control
The compartment can be used for quarantine when not being used for heat
treatment by setting these controls at appropriate levels and the extra
healing capacity will not be utilized during those periods.

Cropping plans at each facility over time
New Delhi
Plant Propagation - for routine plant raising
A wide range of indicator plants (Lemperate, tropical and subtropical),
will be raised in the propagation unit throughout the year for virus

indexing. The growing of tobucco plants for hypersensitivity reactions for
bacteria will be carried out.



Plant Quarantine

Crops to be grown in the Rabi (October/November to March/April) season
include:
I. Chick Pea - Pea - Lentil - French Bean - Faba Bean - Lathyrus
Medicago - Trifolium
II. Barley - Winter Vegetables including: Tomato - Carrot - Lettuce
Onion - Turnip - Beet - Cauliflower - Squash

Crops to bé grown in the Kharif season include:
Soybean - Cowpea - Moth Bean - Mung Bean - Winged Bean - Lima
Bean - Rice Bean - Ord Bean - Guar - Brinjal - Cucurbits

Virus Indexing

Germplasm material from the various agri-horticultural crops described
under the plant quarantine section above wili be screened against seed
borne (true seed or vegetative propogules) viruses by artificially
inoculating indicator plants to establish virus infection.

Screenhouses

Screenhouses are to be used for direct sowing of seed in soil of
International trial material and germplasm where healthy progeny of
material is to be released. The crops are the same as those listed under
the quarantine section.

Mist Chamber

A mist chamber should be provided as an option in one of the plant
quarantine chambers.

Heat Treatment

A heat treatment chamber to treat plant materials infected with virus is
needed in one quarantine chamber. As this facility is not needed at all
times the controls should be set up so the chamber can also be used for -
normal quarantine.

Bhowali
Plant Propagation - for routine plant raising

A wide range of indicator plants (temperate, tropical and subtropical),
will be raised in the propagation unit throughout the yvear for virus
indexing. The growing of tobacco plants for hypersensitivity reactions for
bacteria will be carried out,

Plant Quarantine

Plants to be grown for plant quarantine are the temperate and sub-tropical
fruits such as:
Apple - Prune - Pear - Apricot - Peach - Cherries - Raspberry
Strawberry - Blackberry
These plants will be grown throughout the year in isolation for specific
periods prior to their release to indenting institutions/scientists.



Virus Indexing

Germplasm material from the various agri-horticultural crops described
under the plant quarantine section above will be ‘screened against seed
borne (true seed or vegetative propogules) viruses by artificially
inoculating indicator plants to establish virus infection.

Screenhouses

Screenhouses are to be used for direct sowing of seed in soil of
International trial material and germplasm where heelthy progeny of
material is to be released. The crops are the same as those listed under
the quarantine section,

Mist Chamber

A mist chumber should be provided as an option in one of the plant
quarantine chambers.

Heat Treatment

A heat treatment chamber to treat plant materials infected with virus is
needed in one quarantine chamber. As this facility is not needed at all
times the controls should be set up so the chamber can also be used for
normal quarantine.

Hyderabad
Plant Propagation - for routine plant raising

A wide range of indicator plants (temperate, tropical and subtropical),
will be raised in the propagation unit throughout the year for virus
indexing. The growing of tobacco plants for hypersensitivity reactions for
bacteria will be carried out.

Plant. Quarantine.

Plants grown will be mainly meant for isolation growing for quarantine
responses for the ICRISAT mandatory crops:

Sorghum - Pigeon Pea - Chickpea - Peanut - Pearl Millet
At the second stage germplasm material and trials raised at Delhi center
will also be grown at Hyderabad for the South Indian States.

Virus Indexing

Germplasm material from the various agri-horticultural crops described
under the plant quarantine section above will be screened against seed
borne (true seed or vegetative propogules) viruses by artificially
inoculating indicator plants to establish virus infection.

Screenhouses

Screenhouses are to be used for direct sowing of seed in soil of
International trial material and germplasm where healthy progeny of
material is to be released. The crops are the same as those listed under
the quarantine section.



Mist Chamber

A mist chamber should be provided as an option in one of the plant
quarantine chambers.,

Heat Treatment

A heatl treatment chamber to treat plant materials infected with virus is
needed in one quarantine chamber. As this facility is not needed at all
times the controls should be set up so the chamber can also be used for
normal quarantine.

Andaman Islands
Plant Propagation - for routine plant raising
A wide range of indicator plants (Lemperate, tropical and subtropical),
will be raised in the propagation unit throughout the year for virus
indexing. The growing of tobacco plants for hypersensitivity reactions for
bacteria will be carried out.

Plant Quarantine

Plants grown will include tropical and sub-tropical crops as a source for
third country quarantine. - '

Virus Indexing

Germplasm material from the various agri-horticultural crops described
under the plant quarantine section above will be screened against seed
borne (true seed or vegetative propogules) viruses by artificially
inoculatin: indicator plants to eslablish virus infection.

Screenhouses
Screenhouses are Lo be used for direct sowing of seed in soil of
International trial material and germplasm where healthy progeny of
material is to be released. The crops are the same as those listed under
the quarantine section.

Mist Chamber

A mist chamber should be provided as an option in one of the plant
quarantine chambers.

Heat Treatment
A heat treatment chamber to treat plant materials infected with virus is
needed in one quarantine chamber. As this facility is not needed at all

times the controls should be set up so the chamber can also be used for
normal quarantine.
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Functional requirements for each facility over time.
New Delhi
Plant Propagation - for routine plant raising

The plant propagation facility shall have at least 1200 sq ft gross floor
area with permanent benches of masonry construction with smooth tops to
enable sanitation to be easily carried out. Minimum temperatures should be
no less than 15 C and maximum temneratures should be held to no more than
30 C to the extent possible. Shading systems providing 30% and 45% shading
which can be used independently or in tandem to relieve heat stress are
desired.

Plant Quarantine

There shall be 10 compartments each-of nominal size 10’ x 15’ or about 150
sq ft gross floor area with permanent benches of masonry construction with
smooth tops to enable sanitation to be easily carried out. Minimum
temperatures should be no less than 15 C and maximum temperatures should be
held to no more than 30 C to the extent possible. Shading systems
providing 30% and 45% shading which can be used independently or in tandem
to relieve heat stress are desired. All compartments will have doors to an
access corridor such that two doors must be passed by any insect moving
from one compartment to another. In order to enable quarantine to be
carried out under bacteriological containment for some materials, provision
must be made to seal off all screened inlets and outlets and ventilate the
compartment by exhausting air through a filter meeting U.S. Federal
Standard 209B (article 50.1). This exhaust system will keep the
compartment under negative pressure and will exhaust through an outside
wall. Cooling of the compartment during operation requiring
bacteriological containment will require an internal recirculating air
conditioning system. It is desired that all quarantine compartments be so

equipped.
Virus Indexing

The virus indexing facility shall have at least 600 sq ft gross floor area
with permanent benches of masonry construction with smooth tops to enable
sanitation to be easily carried out. Minimum temperatures should be no
less than 15 C and maximum temperatures should be held to no more than 25 C
to the extent possible. Shading systems providing 30% and 45% shading
which can be used independently or in tandem to relieve heat stress are
desired.

Screenhouses, Mist Chamber and Heat Treatment

The functional requirements for: Screenhouses, Mist Chamber and Heat
Treatment facilities are indicated under facility needs above.

Bhowali
Plant Propagation - for routine plant raising
The plant propagation facility shall have at least 1200 s8q ft gross floor

area with permanent benches of masonry construction with smooth tops to
enable sanitation to be easily carried out. Minimum temperatures should be
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no less than 15 C and maximum temperatures should be held to no more than
30 C to the extent possible. A shading sysitem providing 30% shading to
relieve heat stress is desired. :

Plant Quarantine

There shall be 4 compartments each of nominal size 10’ x 15’ or about 150
sq ft gross floor area with permanent benches of masonry construction with
smooth tops to enable sanitation to be easily carried out. Minimum
temperatures should be no less than 15 C and maximum temperatures should be
held to no more than 30 C to the extent possible. A shading system
providing 30% shading to relieve heat stress is desired. All. compartments
Will have doors to an access corridor such that two doors must be passed by
any insect moving from one compar tment to another. ‘

Virus Indexing

The virus indexing facility shall have at least 600 =g ft gross floor area
with permanent benches of masonry construction with smooth tops to enable
sanitation to be easily carried out. Minimum temperatures should be no
less than 15 C and maximum temperatures should be held to no more than 25 C
to the extent possible. A shading system providirg 30% shading to relieve
heat stress is desired.

ocreenhouses, Mist Chamber and Heat Treatment

The functional recuirements for: Screenhouses, Mist Chamber and Heat
Treatment facilities are indicated under facility needs above.

Hyderabad
Plant Propagation - for routine plant raising

The plant propagation facility shall have at least 1200 sq ft gross floor

area with permanent berches of mazonity construction with smooth tops to

enable sanitation to be easily carried out. Minimum temperatures should be

no less than 15 C and maximum temperatures should be held to no more than

30 C to the extent possible. Shading systems providing 30% and 45% shading

which can be used independently or in tandem to relieve heat stress are
desired. '

Plant Quarantine

There shall be 6 compartments each of nominal size 10’ x 15’ or about 150
sg ft gross flooir area with permanent benches of masonry construction with
smooth tops to enable sanitation to te easily carried out. Minimum
tenperaturesz should be no lezc than 15 C and maxinum temperatures should be
held to no more than 30 C to the extent possible. Shading systems
providing 30% and 45% shading which can be us=ed independently or in tandem
to relieve heat stress are dezired. All compartments will have doors to an
access corridor such that two doors must be pasced by any insect moving
from one compartment to another. In order to enablz aquarantine to be
carried out urder bacteriological containment for come materials, provision
must be made to seal of f all woreened inlels and outlete and ventilate the
coipair tment. by exhausting awr through a filler meeting U.S. Federal
Standard 2098 (article 50.1). Thiz exhaust system will keep the
compaitment under negative pressure and will exhaust through an outside
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wall. Cooling of the compartment during operation requiring
bacteriological containment will reauire an internal recirculating air
conditioning system. It is desired that all quarantine compartments be o
equipped.

Virus Indexing

The virus indexing facility shall ;ave at least 600 =g ft gross floor area
with permanent benches of masonry construction with smooth tops to enable
sanitation to be easily carried out. Minimum temperatures should be no
less than 15 C and maximum tenperatures should be held to no more than 25 ¢
to the extent possible. Shading systems providing 30% and 45% shading
which can be used independently or in tandem to relieve heat stress are
desired.

Screenhouses, Mist Chanber and Heat Treatment

The functional requirements for: Screenhouses, Mist Chamber and Heat
Treatment facilities are indicated under facility needs above.

Andaman Islands
Plant Propagation - for routine plant raising

The plant propagation facility shall have at least 2400 =q ft cross floor
area with permanent benches of masonry construction with smooth tops to
enable sanitation to be easily carried out. Minimum temperatures should be
no less than 15 C and maximum tenperatures should be held to no more than
30 C to the extent possible. Shading systems providing 30% and 45% shading
which can be used independently or in tandem to relieve heat stress are
desired.

Plant Quarantine

There shall be 10 conpartments each of nominal size 10" x 15’ or about 150
Sq ft gross floor area with permanent benches of masonry construction with
smooth tops to enable =anitation to be easily carried out. Mininum '
temperatures should be no less than 15 C and maximum tenperatures should be
held to no more than 30 ¢ to the extent possible. Shading systems
providing 30% and 45% shading which can be used independently or in tandem
to relieve heat stress are desired.  All compartments will have doors to an
access corridor such that two doors must be passed by any insect moving
from one coumpartment to another. In order to enable quarantine to be
carried out under bacteriological contairment for some materials, provision

st be made to seal off all screened inlets and outlets and ventilate the
conpartment by exhausting air through a filter meeting U.S. Federal
Standard 2098 (article 50.1). This exhaust system will keep the
compartment under negative pressure and will exhaust through an outside
wall. Cooling of the compar tment during operation requiring
bacteriological containment will require an internal recirculating air
conditioning system. It is desired that all quarantine compartments be so
equipped.
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Virus Indexing

The virus indexing facility shall have at least 600 sq ft gross floor area
with permanent benches of “masonry construction with smooth tops to enable
sanitation to be easily carried out. Minimum temperatures should be no
less than 15 C and maximum temperatures should be held to no more than 25 C
to the extent possible. Shading systems providing 30% and 45% shading
which can be used independently or in tandem to relieve heat stress are
desired.

Screenhouses, Mist Chamber and Heat Treatment

The functional requirements for: Screenhouse:, Mist Chamber and Heat
Treatment facilities are indicated under facility needs above.

Sanitary requirements for each facility..

There should be arrangements for disposing of foliage materials and used
pots in accordance with strict quarantine procedures. The floors in the
Quarantine, virus indexing and plant propagation houses should be concrete
with run-off water collected and drained to a sump where steam
sterilization or chemical treatment can be provided before discharging the
effluent.

Meteorological conditions at each site

Design high and low temperature conditions at each site are noted at the
head of the facility needs section. Further specific meteorological data
provided is listed out below: '

New Delhi
Bhowali

Elevation 1660 meters above sea level
Rainfall 1363 mm per year

Hyderabad
Andaman Islands

Maximum temperature range 28.7 C in August to 32.4 C in April -
Minimum temperature range 20,7 C in February to 23.2 C in July
May to November is rainy season with 3180 mm per year
Relative humidity: 8:30 am 86% max August to October
65 to 70% min January to March
5:30 pm 84 to 87% max September to October
65 to 70% min January to March

Topographical and area requirements at each site
New Delhi

One plot 100’ x 110’ near the new building for the combined
headhouse and plant propagation/virus indexing/quarantine
greenhouses.

One plot 110’ x 160’ for four 30' x 96’ screened houses,
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Bhowali
Two plots as described below.
Hyderabad

One plot 80’ x 110’ for the combined headhouse and plant
propagation/virus indexing/quarantine greenhouses.

One plot 110’ x 40’ for the 30’ x 96' screened house.
Andaman Islands

One plot 100’ x 110' for the combined headhouse and plant
propagation/virus indexing/quarantine greenhouses.

" One plot 110’ x 80’ for the two 30’ x 96' screened houses.

Special constraints at each site
New Delhi

As provision must be made for fire apparatus to move just inside the
boundary wall, neither headhouse nor any greenhouse or walkway structure
can be closer to the boundary wall than 5 m.

As there is a drive from the front of the main building to the side
entrance to the plant quarantine area the walkway from the treatment area
in the main building to the headhouse and greenhouse complex must be long
enough to clear the planned drive.

To insure the above conditions are met the length of corridor to the
complex must be ascertained in consultation with the planners of the main
building and this information provided to the bidder. ‘

There may be an opportunity in New Delhi to tap into the central air
conditioning system of the main building to provide cooling for the
quarantine chambers when they must operate under bacteriological
containment procedures. If this can be done it should simplify the
operation and maintenance of the quarantine units and should reduce the
cost of the air conditioning equipment. This concept needs to be checked
with the main building design engineers.

NBPGR has indicated that it is desirable to locate the recommended complex
of 4 - 30" x 96’ ground to ground greenhouses substantially away from the
other units as casual labor will need to be utilized in thoece units. Note
that there is no need for a covered walkway to these units.

Bhowali

Due to the topography there are limited areas on site where the greenhouses
can be placed. Based on a site visit it is recommended that the complex
including plant propagation, virus indexing and quarantine areas be located
on C block. As this block slopes most steeply at the northern end it is
suggested the southwest corner of the greenhouse be placed as close to the
large rock outcropping near the center of C block as possible to minimize
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land clearing. Space must be left for the entrances between the greenhouse
and the terrace to the east of C block. The free standing headhouse for
this greenhouse complex can be located adjacent to the rock outcropping to
its east. Due to the limited width of the site it will not be practical to
provide a closed corridor between the headhouse and the greenhouses.

The 30’ x 96' ground to ground greenhouse being recommended for the growing
out of virus free plant material can be placed on either of two levels of
the F block. The upper terrace of the two is recommended for this purpose
ac the soil is better for the in ground growing of plants and there is more
room for possible future additions than the lower portion,

Hyderabad

There was 10 visit to the Hyderabad site. Assuming there are no
significant site restrictions it is suggested that the ridges of all the
greenhouses be oriented north south. This orientation provides for
slightly more uniform light levels across the greenhouse during the course
of the day than does an eas!. west orientation. This is not a major factor
at this latitude and therefore other site consideralions may indicate some
other orientation to be preferable.

Andaman Islands

There was no visit to the Andamans site. Assuming there are no significant
site restrictions it is suggested that the ridges of all the greenhouses be
oriented north south. This orientation provides for slightly more uniform
light levels across the greenhouse during the course of the day than does
an east west orientation. This is not a major factor at this latitude and
therefore other site considerations may indicate some other orientation to
be preferable.
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LOCATION

AND DESIGN

TEMPERATIURE

NEW DELHI
5C

OR

BHOWALI
-2 C

OR

HYDERABAD
12 C

OR

ANDAMANS

21 C

OR

HEATING DESIGN CALCULATION RESULTS

ITEM
UNITS

EXPOS. AREA
SQUARE FEET
HEAT REQ’'D
BTUh

HEAT REQ'D
KW

EXPOS. AREA
SQUARE FEET

HEAT REQ'D
BTUh

HEAT REQ’D
KW

EXPOS. ARFA
SQUARE FEET
HEAT REQ’'D
BTUh

HEAT REQ'D
Kw

EXPOS. AREA
SQUARE FEET

HEAT REQ'D
BTUh

HEAT REQ’'D
KW

PLANT
PROP.,

3,120

68,000

20

3,088

115,000

34

2,256

15,000

3,120
NIL
NIL

NIL
NIL

QUARANTINE
CHAMBERS

4 @ 556

6 @ 316

3 @ 12,000
6 @ 7,000
1 @ 42,000
3 @4

6 @2

1 @13

2 @ 556

2 @ 316

1 @ 21,000
2 @ 12,000
1 @ 52,000
1@6
2@4
1@15

4 @ 556

2 @ 316

3 @ 3,600
2 @ 2,000
1 @ 33,600
J @l
2@l
1@10

4 @ 556

6 @ 316

1 @ 24,000
9 @ NIL
1e7

9 @ NIL

VIRUS
INDEXTM

1,560

34,000

10

1,344

50,000

15

1,128

7,000

1,560
NIL

NIL
NIL



HEATER REQUIREMENTS

GAS FIRED HEATERS, MODINE MODEL NUMBERS UTILIZED

LOCATION PLANT QUARANTINE VIRUS SCREENED
PROPAGATION  CHAMBERS INDEXING GROWING

NEW DELHI  PA105 PA50

BHOWALI PAZ200 PA105

TOTAL GAS FIRED HEATERS NEEDED
1 '@ PA50
2 @ PAL05
1 @ PA200

ELECTRIC HEATER CAPACITY IN KILOWATTS

LOCATION PLANT QUARANTINE VIRUS SCREENED
PROPAGATION  CHAMBERS INDEXING GROWING

NEW DELHI 3 @ 4 Kw

6 @ 2 Kw

1 @ 13 KW (FOR HEAT TREATMENT)
BHOWALI 1 @ 6 Kw

2 @ 4 Kw

1 @ 15 KW (FOR HEAT TREATMENT)
HYDERABAD 1 @ 4 Kw 5 @ 1 KW 1 @ 2 Kw

1 @ 10 KW (FOR HEAT TREATMENT)
ANDAMANS o 1 @ 7 KW (FOR HEAT TREATMENT)

TOTAL ELECTRIC HEATERS

1 KW
2 KW
4 Kw
6 KW
7 KW
9 Kw
10 KW
13 KW
15 KW

P bt ek O b ek O) =] N
OROCRONORORONORONO)

ALSO 26 THERMOSTATS FOR ELECIRIC HEATERS
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LOCATION
AND DESIGN
TEMPERATURE

NEW DELMI

{
u
@

BHOWAL 1

VENTILATION DESIGN CALCULATION RESULTS

ITEM
UNITS

FLOOR AREA
SEUARE FLET

VENTILATION
CFM

PAD AREA
SQUARE FELT

SURELEN AREA
SUUARE FEET
FLODR AREN
SEUARE FEET

VENTILATLON
CFIM

PAD AREA
SUUARE FEET

SCREEN ARE

. SQUARE FEET

HYDERARAD

12 C

ANDAMANS

FLOOR AREN
SAUARE FIET

VENTILATICH
CHFM

AN
SCLARE FLE

SCREEMN AREN
SEUARE FEET
FI_LOOR AREA
SUUARE FEET

VENTILATION
CFM

PAD AREA
DOUARE FEET

SCREEN ARECA
SUUNRE FLE

PLANT
PROP.

2,000

22,400

Ax40= 160

OX40 2240

L, 00

C20, 200

4X40=160

0%402240

1,200

17,600

Ax40: 60

&XA02 240

2.000

22,400

AXA0: T

(ORI :,)61[ }

30

CUARANT TIHE

CHAMBERS

' 2@1, 000
2,000

2@11,200=

22,4000

2@2X50=
200

203XN0=
200

aun
10,100

2X40=80

SXAL1Z0

2@600=
1,200

203, 200N=
17,0600

VEDKB0:

1220
2OIN30:

1120

28l 000=
2.000

2411 ,200=

22,000

DE2X50:
200

PARRE NG

200

VIRUS
INDEXING

1,000

11,200

4X20=80

eX20=120 -

200

10,100

4X20=80

6X20:2120

600
.
2,800

AX20=20

€X20=120

1,000

AX20=80

CXI0Z 120

SCREENED
GROWING

4R6X30=
720

AEIKI0=
1080
3,000
33,600

6X30=180

K30=270

3,000
33,600
XU 1EQ

FX30=270

2@3,000=
6.000

2 EACH @
53,600
266X30=

360

LIKS0=
540



GREENHOUSE EXHAUST FAN REQUIREMENTS

13

LOCATION PLLANT QUARANT INE VIRUS SCREENED
PROPAGATION CHAMBERS INDEXING GROWING
NO. MODEL. NO. MODEL NO. MODEL NO. MODEL
NEW DELHI 1 DC24E 26 2 DC24E 25 1 DC24E 25 8 DC48H
2 DC36G 2 DC36F 1 DC3efF
1 FCP1284
BHOWALLT 1 DC24E 1 DC2agE 25 | DC24E 25 2 DC48H
2 DC30G L DCAOF 1 DC30OF
1 FCPL224
HYDERABAD 1 DC24E 2 DC2AE 25 ) DC24E 25 2 DC4814
2 DC3eF o ho2dr 1 DC24F
| (R A MR M|
ANDAMANS L DC24E A DO24E 25 1 DC24E 25 4 DC2
DC36G 2 DC3oF 1 DC3EF
1 FCP1284

CORRIDORS AT DELHI, HYDERARAD AND ANDAMANS 3 DC36F
TOTAL FANS NEEDED BY TYPE

DC24E 25 11

DC24E 4
DC24F 3
DC30F 2
DC30G

DC3eF L1
DC36G 4
DC48H 1o
FCPL 284 4

NOTE THE DC24E 25 IS A 2 SPEED FAN. ALL OTHERS ARE | SPEED.

THE AROVE MODEL NMIMBERS REFER TO ACME FANS AS FER CATALOG C7R 585.



HEAT LOAD CALCULATIONS FOR BACTERICLOGICAL. CONTAINMENT

It is desired that- certain quarantine compartments be equipped with air
conditiomna and HEPA filters on an exhaust air system so that they can
be eswentially sealed and kept underr neaative pressure for contaiment
of bacteria and fungr. In order to do thie the AC system must be
capable of ramoving all of the =olar load and sensible heat gain from
the holteor outsrde =orroandhine .. Ateo b 17 e=zential Lo mote that the
AC sy=toem muzt be capable of mecting the design cooling requirement when
the out=ide air temperature 1< at the desian maximum which is 45 C in
New Dealh .

Caloulations of heat locud on corner and 1nterior compar tinents were made
based upor both ASHRAT anides and the <inplified method of Jordan and
Priecter utilizing tabtes 1010 and 10011, (Tewt. courlesy of Dr. P
Chancirar. ) The eadoulatyone aver o e of howre of the day indlcate
that the meodimom colears load on intar 1or compar tnents ocours. near =olar
npoon whether  the aulogde wall faces noi th or south.  The maxiiman solar
load on corner compan bients oot e 100 pm nolar Lime.

The calculataon for the corner compatment 1 based on 200 cauare fect
of horizontal roof, 240 ~aquu e el of out=ide end wall and 100 square
feel of outside sido wall.

(267+25)200 + (49422240 + (19422)x 100 = 80,000 BTUN

Allowina 50% forr sensible aain throuagh interior walls and infiltration
caused by thie evacuation <yitem and duty factor the corner cablns need
120,000 BTUh capacily or 10 tons at operating temperatures of 29 C
inside and 45 C outside.

The calculation for the centeir conpartments. is bazed on the 200 square
feet of horizontal roof amndd 100 square feet of outside side wall.

(2764211200 + (4581900 = 66,000 RBTUR

Again allowing 50%, the corner cablins need 99,000 BTUN capacity or 8
tons at operating temperatures of 25 C nside and 45 C outside.

TL s ccomnendod that eacth corner cabinet that. nust be capable of being
cealed aganzt egrecs of bacteria be exnpped with a capacity for
arcondrtiontng of 1O tores ardd each 1nterior compar tment. should have an
8 ton copaci by, Tach compartiment o utalized mist have Lhe exterior
window closed and sealed and the woreen from the compartment to the
central corridor and e<baust fan al=o sealed.  The comgartment should
then be evacuated throuah a HEPA filter meeting the U.S. Federal
standard 2090 for class 100 condl Lions.

IL 1= =zugaested that an prioriticieg the gquarantine chambers uzed for
this purpose the Iinterior units bee utilized first, then those corner

uni s ol caupped for o mrsbooag, ooed the corner uni bl eaaipied for beat
treatment -~ hould be the Lot atlized as 10 haz an extra fan and air
inlet to bo ~ealed.  Hote that for coy conpartment to be used for this
purpose thorn necessany that the oatzade window over the pad system be
separate from the achiotnniey winvd v oot tare <o that ot can be marually
divconniatoed trom the ook ansd pronnon opcnnrey <ystom and kept <ot while
olther winckow:s are ventareg.
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SCOPE OF WORK

BACKGROUND

Under the PGR Project budget there is a provision of $700,000 for
construction of Greenhouses and Screenhouses at NBPGR lHead Quarters, New
Delhi and at some of its stations. Appropriate expertise is not
available in India for construction/fabrication of Greenhouses/
Screenhouses to suit the varied agro-climatic conditions of various sites
at which they have to be provided. Services of an expert are, therefore,
required by NBPGR for technical assistance and guidance on the subject.

SCOPE OF WORK

It is proposed to make Greenhouses and Screenhouses at the following

locations.

Location Climate Temperature Range
Hyderabad Semi-arid Tropical 12°C (Dec) to 43°C (May/June)
Port Blair Humid Tropical 219C (Feb) to 33°%C (April)
Bhowali Temperate & Humid 2°C (Jan) to 30°C (May )

Delhi Subtropical 5° (Jan) to 45°C (May/June)

Technical assistance/guidance from the expert is required for the
Greenhouses and Screenhouses on the following points:

1. Advise on appropriate citing and directions after visiting the
locations, if required.

2, Size of each unit keeping in view the agro-climatic conditions,
fabrication components and equipment.

A



Guidance for the development of design of each upnit 1ncluding the
arrangement of bench spaces and all other activities routinely
undertaken for plant raising in Greenhouses and Screenhouses having
automatic temperature, humidity and 1ight control systems. VSgaries
of nature 11ke strong winds, haflstorms etc. should be kept 1n view
while developing the design.

Guide in the development of design of Greenhouses/Screenhouses to
meet quarantine requirements,

In consultation with NBPGR, recommend appropriate fabrication
materials.

Provide 1ists and detailed specifications of imported and indigenous
components for fabrication materials and equipment required for
automatic or semi-automatic control of temperature, humidity and
1ight keeping in view the maximum possible energy conservation,

Finalize the training plan of NBPGR staff on plant raising under
protected enviroment.

Submit a written report at the end of the period.
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necessity for 1mported 1tems where the=e are needed.  Note that 1t 1= my
pozition that in come casces where [ am notl <uie about local availability of
malerials il way be appropiate Lo chop around Tzt and then make the
decizaon az to lmporling or purchasing local . The concluzion 1% Lhat with
the edi torial comments succesled Lo report can be a’ final diralt.

2 Gatun day Ment oreentbal v all done at TGH) effrees vilh o a Larae grean of
Lhose active in on eenholre development. in Tndroc reaardineg polential future
acltivity.

/3 Gunclay th oughy Toesday prorae it ben report and discuss final
conceptss wi lh Wimrock, USATD and NERGR.
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Performances shown are for unils without ducts

Cortitied Sound Ratings for DC Modols shown in Catalog S2C

FAN FAN e
SIZE | MODEL | Hp RPM o
DC24E % 622 5300
.. | bcaar " 735 6200
24 DC24G % 820 7000
DC24H % 949 8100
DC30F " 529 8500
.. | ocaog % 607 9700
30 DC30H % 686 11000
DCA6F Y 431 10300
.. | Dcasa % 485 11800
a6 DC36H % 575 13700
DC364J 1 634 15000
LL42G % 185 14000
. | DCazH % 442 16600
42 0C42J 1 485 18200
DC48G % 308 17500
. | DCasH % 354 20100
48 DC48J 1 382 | 21700
. | ocsay 1 an 25100
54 DCs4K A 334 27700

PERFORMANCE TABLE FOR MODEL DCA (ALUMINUM)

SUPER WIiNDMASTER PERFORMANCE

_‘_PEHFOHMANCE TABLE FOR MODEL DC ( STEEL)

MOTOR NOTES:

Performancos show

a

FAN FAN
SIZE MODEL HP RPM
DCA24E A 622
" DCA24F ) 735
24 DCA24G Y% 820
amca ’ V// DCA24H ¥ 949
CIRTU R, . bt -
mnoln ’ DCA30F ) 529
/ " DCA30G % 607
30 DCAJ0H % 686 1
DCA36F 'y 431 1
" DCA36G % 495 1
36 DCA36H % 575 1
DCA36Y 1 634 i
DCA42G % 385 1
42" DCA42H ¥ 442 1
2 DCA42J 1 485 1
DCA48G [ 308 1
" DCA4BH ¥% 354 1
487 | ocasss | s | 2

n are lor units withoul ducts *BHP does not include drive losses

~

Cortiflod
CFM vs. Static Pressure CERT. SHIP.
e s e e W MAXL WT.
05" 10" 125" 150" BHP*
4900 4500 4200 3900 255 80
6000 5700 5500 5300 419 86
6700 6500 6300 6100 578 88
7800 7600 7500 7400 889 93
8000 7400 7000 6600 415 96
9300 8800 8600 8300 626 100
10600 10200 10000 9800 ‘ 899 | 195
9600 8800 8300 7700 386 106
11200 10600 10200 9800 574 110
13200 12700 12400 12100 882 115 -
14600 14200 14000 )3700 1 16_9 N 1?5
13600 12500 11800 11100 591 157
15900 15000 14500 14000 876 162
17500 16800 16300 16000 1 !45} “155_5
16200 14700 13700 12200 608 205
19000 17800 17100 16200 891 210
20700 19600 19000 18300 1 llO ?g(_)_
24000 22900 22000 20900 1143 247
26800 25800 25200 24400 1541 255
*BHP does nol include dive losses W
Cerlified :
CFM vs. Stalic Prossure CERT. SHIP,
MAX. WT.
o 05" 10" 125" BHP-
4900 4600 4200 3900 29 78
5800 5550 5250 5050 48 83
6500 6300 6100 5950 67 88
7400 7200 7000 6900 99 94
8200 71700 7200 6900 a7 92
9400 9000 8600 8300 1A 97
0600 10300 9900 9800 104 102
0000 9300 8600 8000 39 106
1600 11100 10500 10100 60 (BB
3300 12800 12200 11900 a8 117
4600 14200 13800 13600 ! l7 Ig:_!
4700 13600 12500 11800 67 122
6700 15900 15200 14700 95 127
8300 17600 17000 16600 122 134
7500 16200 14500 13400 62 158
9800 18800 17600 1680C 91 163
1400 | 20500 | 19500 | 18900 | 112_ | 169

1. All single speed single phase motors are dual volt-
age (115/230) except Y% horsepower.

2. All % horsepower single phase motors are single
voltage (115 or 230).

3. Two speed motors are single voltage (115 or 230)
and not available in 1 horsepower and 1 horse-
power.

4. Maximum capacily of two speed Y and 3 HP models
IS approximalely ten percent less than shown on
lables

5. Low speed capacily of two speed fans s approxi-
malely one half of maximum

6. All three phase molors are triple voltage (200,230/
460)

&)

These lans are sted by the Canadian Standurds Associa-
ton Teshing Laboratones as approved

CLITIEILD BATINGS FOR AIR AND SOUND

Acme Engineering and Manufacturing Corporation cer-

;‘,a_o' A "g,",‘i,".o 1 tfies that tho Super Windmuster Models DC and DCA
sarmed rmnes Skymaster Modao! EC, Masler-Ex Model DDA, Dyg‘zx
! o master Models FQ and FN and Centrimaster Model

i SOmN0

¢ shown herein are licensed to bear the AMCA seal on
Awr Pertormance Models DC, EC, DDA, FQ. FN and PW

: are also licensed to bear the AMCA seal on Sound Per-
lormance The ratings shown are based on tests made

N accordance valth AVACA Standard 210 and 300 and comply with the require-
munts of the AMCA Cerhiied Ratings Progrim

Sound tabings vere obtinned in accordance with AMCA Standard 300 tost sul-
up Ho 4 Loudness values in songs at a dislance ol 5 leot were calculaler
N accordance with AMCA Standard 301 Sound ratings on models above are
shown in the lollowing catalogs Model BC in calialog S2C. Mode! EC in cala-
10 S383 Models FQ/FH i catalog S48 and Model PW in catalog S13C Modal
DDA sound ratings shown in pedlormance chart on page 7 of this cilaloy.
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Master-Ex

Each Master-Ex is a complete unit, including unique
high performance discharge housing, guards, high ef-
ficiency motor, quiet blade and optional shutter. All
components are shipped as a package ready for quick
and easy installation. Optional shutter must be or-
dered separately.

aslerEx

AAtINGS

=N

efficient design, relatively trouble-tree

The energy | .
style and ease of installation make

direct drive

MASTER-EX ideal for the modern horticultural
industry.

—C

—~
MASTER-EX.. AIR AND SOUND PERFOAMANGCE T
STAINLESS STEEL
T === B T U [T 7T S INSTALLATION
. Q007SP__ | 050"SP | 100 sP JJBTSP T sperp DIMENSIONS
FAN Nominal [BLADE CFM EHP CFM anp CFm BHP CFm BHP | 000'*' SP SHIPPING FAN A B c
MODEL | 4P| RPM | 01 |voLt fcrm/wan] sones| crmrwanl sones CHM/Watt |SONES | CF MW | sonts | Mit cim | weionT size_ | wiotw | weignt | oeprn
. 12101190 | 1200 | 1927 | a0 [ 195 | g0 | igse N . v "
ik e M I L I B Tl I ST T IO L B ol L T
oo [Msol 4101 28 | a000 [ T29 | Tasso |70 | T3re0 |3 " o o B
uosuam_:/_a 1700 | 18 2w o | 2| ‘o6 2| 2 | 2| e | 2 _mo 89_ _Ifl-_ 211 28%, K[|
o (sl 7100 |36 6780 |37 | easo [ 397 e300 | 3 " B o
bus24re| 13| 1000 f 24 15 66 | 6 | e | s | Seo [ | B | 2| we 19 24 Y, asv, M

Dala hsted ts as run performance -- RPM shiown 1s nominal and peiformance 15 based on actual speed of tests  *WATIS

* Halngs are based on tests with shuller housing and guaids in place
* ALmintnum speed the variable specd lan ceeates very itle stanc pressure
in the building. theretore the low speed petlormance 1s histed al 000" S P

IDyncViasterfX

The corrosion resistant plastic fan

A BLADE ASSEMBLY BUILT TO LAST ..
Oynamaster EX blades are made ol polypropylene for added resiliency,
durable strength and a consistent shape and angle

The qlass-ieinforced nylon huby s factory-slotled for the best and
most elficient blade orientation and features an aluminum hub core
altached tumly to the shalt

AND AN ENERGY EFFICIENT MOTOR
The rugged Dynamaster EX spht capacitor motor adds the advanlage
of direct-drive design to the reliability of sealed and permanently
lubricated ball bearings Motors aperate well at low temperatures
and are equipped with thermal overload for low hine voltage prolection
and automatic restart afler cooling

ADOUBLE-DUTY INLET GUARD

The Dynamaster EX inlet guard does two jobs at once ils PVC-
coated melal conslruction resists corrosion, and its 8-point connection
design serves as a sturdy molor mountand speeds lield instaliation
So simple. yet so functional 1o maintain motor position, guard the
impeller and lock in anefhicientblade/ordiceralio The designeven
allows lour-screw mounting on inside walls, without removing guard
or motor

AMCA Scal does not apply to CF M/Wait 1alings
Pettormances shown are for units without ducts

A STURDY, ONE PIECE FAN DAMPER

The ABS plastic fan damper resisls dralls and fights corrosion: it's

altached by nylon hinges and bolls, and an optional outle! guard is
available for easy shde-in installation

The ABS plastic housing works with the door...it resists cracking
and sphntering in lemperalure exiremes.

WEATHER HOOD

High density polyethylene weather
hood with UV inhibitors hasout-turned
Hanges for easy mounling to oulside
wall Hood should be used where high
winds could interlere with damper
operation :

ACME ENGINEERING & MANLIEACTIIDING ~ANnS

PERFORMANCE VS. SP (IN WG)

NOMINAL | pHOPR %0 05" 10 125
FAN MODEL HP RPM DIA voLTt CFM BHP CFM BHp CFM BHP CFM BHP
FCPEN? Y 3000 825 210 914 163, e 166w Bh% 170w IR 172w
FCP 1284 Y 1624 12 24 230 1430 067 1330 071 1225 066 1160 062
FCP1804 Yo 1625 18 25 230 2660) 049 244t 096 2210 09y 2080 100
FCPIGF 4 v, 1625 18 2% 230 R 307 4190 I 3950 379 3875 377
FCP24GA Y 1625 245 230 b8 559 6495 byt 6105 b5% 5910 555
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o I | I ACME'S KOOL-CEL "
' Y Y, EVAPORATIVE COOL!
““ @@ ® PAD SYSTEM —

An Idea Yesterday...A Proven Performer Today!

Sizing Kool-Cel Pad

Determine Total Summer Cooling Required in CFM,
then divide by velocity to obtain pad area in square
feel. The pad area divided by the length will deter-
mine the pad height in feet.

Total Summer Cooling
Total pad area,sq.ft. = _ Required (CFM)

SO S A e

n B Wy B e e PESIéU M Velocily (250-4'' 400-6'")
- g X ; 32
'.. v > 'b"‘" ? i ] °'
i " % X / 5 100 EVAPORATIVE COOLING PAD EFFICIENCY
& HHT
5 .
fr 111
(V8
w
o
g o ] :
) Negt 1T
2l Nk
- 6 ; NN
o . N
Kool-Cel on Greenhouse (3] : SRy Ruy
;’ 80 1: r-....._‘__'w:-‘.“; Tj
Kool-Cel Pads o : - TN
, o A SERESRRRIERE | T,
Kool-Cel pads are cellulose cooling cells 4'" and S : T
6" deep, 12'' wide and available in 12" increments 3 e
from 24" 1o 72" 1all with two pieces of 4" com. w 70 EaSS B NN IEWSReEaE g aypunnsl
bined to make 84" and 96'" 1all pads. The cooling 0,355 I T T e 1] T I
cells are made from a specially lormulated cellulose &
paper impregnated with insoluble antirot salls Il is 5 L RARSRIASRANSRRRINRNRRNNER 114
designed with an exclusive cross-lluted configura- g /7
tion which induces highly turbulent mixing inside % 0.2 d
the pad between the water and the air, and contri- z //
butes to the evaporative elliciency The cross-fluted a 1] | | /f 1
design makes Kool-Cel a strong self-supporting pad < {1
wilh high evaporalive efficiency and low pressure wo, 1] A
drop (resistance to air flow). : 5 T T
. . 7] 1 28
A face velocity of 250 feet per minute lor 4" and H . - .J]H,f:‘f f L4 1
. . ~ b .
400 leet per minute for 6" is recommended for the * T L T L
most econoimical cost and operalion of the Kool-Cel I'| : REANNSERESNREAGE

system 0 100 200 Ino 400 500
y : COOLING ¥ AD FACE VELOCITY - FTIMIN, — ! . g

KOOL-CEL" SYSTEM

Pad Cover - * HIGH EFFICIENCY COOLING - Exclusive lute conliguration
achieves higher evaporative 2lliciency.
2x4Top )

Slrinqel\ ' * LOWAIR FLOW RESISTANCE - Lower stalic pressure lor higher

H‘Lwﬁﬂ ’ ' lan performance.

}4 2} * ECONOMICAL - 4" deep with 6" performance.
PVC Pipe Distributor© } - .
* LONG LASTING - Years of use wilh proper care.

* STAINLESS STEEL or ALUMINUM waler dislribution and return

u/r systems
‘ * COMPLETELY FABRICATED - Ready for installation and

assembly

Kool-cel ¢) ———

2 x 4 Bottom \
Siringer ‘-ES :

Suppoit Bracket

PAT NO 4.03t.180 * COMPLETE SYSTEM- All components including plumbing avail-

\ . h -
Retuen Gutter able - just add sump tank, cover and tank tittings.

Page 10



Rool-Cel Distribution & Return System

The system comes complete with a water distributor
and cover, return gutter, strainer, pump, and miscel-
laneous fittings and fasteners to complete the as-
sembly.

The cells are supported at their base by the special
support built into the gutter. The water distributor is
composed of rigid PVC pipe with metered outlet
holes and a removable cover. Flush-out plugs and
connection tees are provided to facilitate cleanout
and water connection. All hardware and fittings are
provided to ease the installation.

The return gutter supports the cells that when wet
weighs 2% Ibs. 4" (4 Ibs. - 6'') per square foot and,
therefore, should be adequately reinforced and sup-
ported.

Aluminum System 4" .

The aluminum system utilizes quick snap together
components for easy installation using a minimum
of hardware. The heavy extruded gutter and support
are designed to support the pads and carry the water
back to a sump with capacities for an 8' x 100" 8ys-
tem. The aluminum top cover is made in two pieces
to facilitate cleaning the PVC pipe if clogged.

Stainless Steel System 4'' and 6''

For those regions where water is highly corrosive,
a completely stainless steel system is available,
Using a ouality stainless steel, a formed gutter and
top assembly offers a highly corrosive resistant sys-
tem while providing strength and ease of installation.
All components and hardware are stainless steel
or PVC.

M—'

Pad Care

Kool-Cel pads are very durable and long lasting. To
maximize the life of your pads and keep the efficiency
of the original installation, correct any conditions that
may be detrimental to the pad.

well water or chlorinated water from city systems.

2. Cover the sump to avoid exposure to sunlight and
air-borne particles, and to keep animals from
drinking it.

A. Ph of recirculaling water (from sump) must be main-

3. Keep the fans running after the pump is shut off

tained between 6 and 9 (7 is pure waler). If these
limits are exceeded, the stiffening agents in the pad
will leach out and destroy the pad.

B. Hard water resulting in Calcium Carbonate deposils
on the pad is not harmful, but should be kept within
limits.

C. Sodium Chloride (salt water) concentrate above
50,000 ppm (approx.) will deposit salt on the pad
and reduce air flow. Keep salt concentrates below
50,000 ppm in recirculating water and below 40,000
ppm in make-up waler.

D. Algae will grow on any surface that is wet and ex-
posed to sunlight. To help prevent algae build up,
follow these tips:

1. Do not draw make-up water from an open pond. Use

to dry the pads, thus killing the algae spores leit
on the pad. ,

4. Isolate the water make-up system from any other
system.

5. Pads should be shaded from direct sunlight.

E. Air-borne dust and-bugs do not seem to clog the air

flow passages of Kool-Cel. When the system is run-
ning this clogging washes away.

F. When Kool-Cel is installed within reach of poultry or

livestock, it should be guarded.

G.Bleed-Off - Since the water is continuously evapo-

rating and being replaced by fresh water, the salts
and minerals are left behind in the re-circulating
water. To reduce the build-up of deposits and scale
a bleed off for the recirculating water is provided.

No 15S. No 30S. No. 60S

These pumps are submersi-
ble type with cast iron hous-
ing. polypropylene base and

No. 30 and No. 60
These pumps are heavy duty

SI;»
1% " Gote veive

? et Voire

e,

centrifugal, self-priming type polycarbonate cover. They "o
featuring high volume and include a lifetime oil supply Pk —
low head pressure perfor- and non-clog pumping head e 1w “‘*‘“*3;;. ” Tormums v
mance. and impeller. —
TD-I-\luovvl Sovory e
CAPACITY Egséw The plumbing package is designed for use
MODEL TYPE HP VOLTAGE |AT 10’ HEAD [ 37 £ with all the pumps for the Kool-Cel systems
ol M S cepee s ot~ —.__|andincludes the necessary plumbing fittings
#30 Ceq!g@!l_lgg!_ 7__'_/1__ _llﬁ_/?@(_)/l 4? GP@* ]Q‘ ) 5?' and valve 'to complele the installation from
1160 Centrilugal » 115/230/1 55 GPM 100' 80’ lheSLanlolhethslnbutoTand.also,conuuns
e T e T S Ep e % the waler slrainer and tloat valve.
__.ﬁ!§§.__ ..§!@ﬁ9§ﬁﬂ? AN BNV SO SRS I The sump tank, cover and lank fittings are
#3085 SuMnm§@@__ /s II§/!;W Aﬂﬂ?QPM‘" _?9{ u??;_ furnished by others and should be sized to
}60S Submersible Va 115/1 63 GPM 100' | 80 provide % gallon per square foot of 4 pad
L. —_— : - — o s s mm e el e b -~ grea and 1 gallon per square foot of 6
The pumps should be sized lo provide % gallon per minute for 4" and J4 gallon pad area. :

per minute for 6" of flow per linaar loo! of pad to insure adequate welling

Page 11
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PROPELLER MODEL PA BLOWER MODEL BA
Gas-fired unit heaters are avaitable for greenhouse heating with
natural or propane gas Bolh propeller lypes (Models PA) and blower
types (Models BA) have AG A (American Gas Assaciation) and
CGA (Canadian Gas Association) design certitication Propeller
models are for installation within the area to be heated and cannot be
used lo distribute air through polytubes or ductwork Blower models
can be altached to polylube or ductwork znd will operate elficiently
against slatic resistances as high as 04 w ¢ Accessory polytube
transitions for blower models are available from Modine (Modine
calalogs 6-150 and 10-204)

iy PA, ln‘g_u LJBTU/RRC ",%‘c"' 01701 LISE i'l’c--p. Rise °F o | Ship. Wi Lbe, '
7 Modet No. ! | i tapus 44| % LA ML R L LA I
30 30 000 a0 — 60 - 50 -
50 50 (X} 675 617 55 00O 72 1y
75 75 000 H455 925 65 60 97 192
105 105 000 100 1300 60 60 16 156
130 130 000 1725 1600 60 ) 156 218
150 150 000 19(x) 1850 53 ) 156 218
174 175 (00 2540 2160 00 €4) 167 222
24x) 200) (%) 210 240 493 o) 222 300
225 225 (xX) 2HX) 2800 ) ) 222 1)
250 250 ((X) 4275 3086 16 00 239 4%
300 300 000 4275 3700 5) 60 260 wa
3ha 350 (k%) 4400 4120 ) [0¢] ¥h2 41
400 A0 000 4300 4910 ] 60 60 411 524

‘Based 0n 0 0 external sianc pressure without blower enclosure
OIL-FIRED UNIT HEATERS

Modine oil-fired unit heaters have
a direct-driven propeller fan 1o
provide eflfective heal throw with
aulomalic operation They cannot
be installed and operated with
directly connected polytube or
ductwork All models are pre-
wired, fire-tested and U L listed
for fuel oil grades No | or 2
{Modine catalog 4-110)

~owpet Jtapar | cru | temp | Man | ttem shp Wi,
Modd! BTU/HR GPH 1ar 70° M Rise *F | MTG/HT | Throw {3
POHT100 10O (00 ans 1890 19 12 39 s
PORLAY 14% (%) 129 240x) "o [ R KU [ER]
PFONTHS 185 (xx) 164 Ym0 44 12 K 410
“Hrom oo 1o Lattom of oon amd dethe e blade futched 44 *

Plastic Greenhouse Co,

HORIZONTAL MODEL HS

VERTICAL MODEL V

Where a steam plant is available for soil sterilization, steam/hot
waler unit heaters will be the most economical choice for
greenhouse heating Horizontal and vertical air delivery types are of-
fered 10 sun all applications Cannot be connected to ductwork or
polytubes (Modine Calalog 1-150)

N CIT A T W Vol [, M @, ] vhanroi] Wby,
hiocuts | wo* ¢ | Sirw/ig | Thalr | ot [0 3 apoicet] 2%
Hs1n 3410 10 000 19 Va2 950 42 000 13
HS 24 310 24 000 22 V59 1 15% 59 000 47
1S 1) 6130 JI XX 3o v 1 590 78 000 52
HS 47 730 17 000 12 A 1665 95 () 55
HsS 61 1120 63 000 3 ) Vil 2 660 139 000 70
1S a6 I 340 a6 000 55 VvV I61 2 945 161 000 a7
HS 108 2010 108 000 80 Vi19) 3500 193 000 100
Hs 121 1714 121 000 a2 v2i2 3610 | 212000 112
1"s 165 3240 165 000 104 V247 4020 | 247 000 147
HS 19) 2 900 193 000 110 V279 5460 | 279 000 127
HS 2508 | 4560 1 298 000 17 V333 5980 | 333000 185
HS 290 1 as90 | 290 000 183 v ins 7 640 | 385 000 189
HS 340 5120 340 000 210 V500 10 3K} | S00 000 236

vVo6l0 11.7%0 { 610 000 37

*2 170 Steam andg GO® F entenng au

ELECTRIC UNIT HEATERS

Cannol be
connected lo
ductwork or

polytubes.
HORIZONTAL MODEL HE . VERTICAL MODEL VE
HE. VR | . -, ‘; LTS R Rt g,}o' r'f l’lnp.gl.n HX mg Ioe
Mool Me.' | ¥W | “Bro/mR S |ii B (V7 vav:|; Hp A YRS | EECOLym
50 50 17 065 530 aoo 29 18 " 52 39
%5 75 25597 530 an0 13 25 52 39
100 100 31130 a3o 940 11 36 66 43
125 126 12 660 030 50 66
150 150 51195 830 1340 60 39 66 43
200 200 68 260 1300 1600 52 12 109 4]
250 250 85 325 1300 {1600 G6S 54 109 69
Joo o0 102 390 2575 34 122
400 100 | 136520 2575 a5 122
500} HO 0 170 650 2075 56 122 |

TANLIA L 200 A0 e G0 vl 1Y o Iy
PALE D200 Lo 10 i) UKD vy VL models (Mealing [RURTIVIF I Y

4978 Haywood Road, ﬂol_'u'Shoe. RC 28742 Phone: 704/894-7389
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Equipment Controls:

ACME'S Gﬁoﬂpﬂ AUTOMATICALLY PROVIDES
CONTROL OF GREENHOUSE TEMPERATURE,
HUMIDITY AND CIRCULATION DURING EVERY
SEASON OF THE YEAR USING MINIMUM ENERGY

NOW FIELD PROGRAMMABLE!!

S ——

CONTRAOL STAGES

ol wlie] o] o)) a)

Patent Pending

p ot -
GROTHON ey n\o,‘—\;\\g“(;\mq
A Qe
SEQUENCE CHART :;‘f/lm‘;‘\;\vf‘
* AR
T e oo
Operating E augpinen) . oy \b/"'~ Q(ﬁo

Permeter Healerg

i’hmm-lﬁt Fan Jots

fauwpment
Operaling For
Temperature Conlrol

I Eavioment

Oueraling Vor
Oehunuditication

Overhead £ an Jets
fan Jot Shutters
Eshaustians 1
Exhausi Fans 2
E:;\.;ln':l fA.;n': k
Fad iniel Shulters
FM; \;\I.;ll;l i‘um(u;,

' Equipment s ONH

REMOTE SENSOR — allows the Grotron to be installed in
an office or a secure work area for easy monitoring and less
tampering

SOLID STATE — printed circuils eliminate internal wires that
can loosen and cause shorls.

24 VOLT CONTROL - safe. low cosl wiring
12 TERMINALS — 12 separate equipment functions

8 STAGES — 2 heat. 4 cool | circulation and dehumidili-
callon Equipment activity lollows the gradual rise and 1all
in tomperature and humidity in the greenhouse

STAGE ADJUSTMENTS — each stage adjustable to 15°F
from set point for llexibility

BUILT-IN HYSTERISIS — 1° F dilferential between on and
olf switching prevents cycling ol equipment

INDICATOR LIGHTS — Identify stage activity

SEPARATE HEAT/COOL DIALS — set point range is flex-
ible and determined by the grower in the spread between
the heatl and cool dials

SEPARATE DAY/NIGHT HEAT DIALS — pholocell auto-
malically switches heat control between day and night sel-
lings when photosynthesis starls and stops. Cooling contiol
is not affected and. therelore, there is no need for night
cooling lockout

NIGHT MODE — alight indicates when the conltrolis changed
o the night selling

ERROR LIGHT - indicates that the heat dials are sel above
the cool dial selling or the cool dial is sel below the heal
selting

See Cat C46 for additional information

STANDARD EQUIPMENT

FurnisHeD witH Grotron.

‘ Humidistal
0-90% R H
|
Translormer —
100 VA class 2,
115 VAC — Primary,
— ' 25 Vac -
secondary
Thermisler -
Temperalure \ !,@
Sensot

Photocell
Day/Night
Control

ACCESSORIES:

GROTRON ‘
SECURITY
ENCLOSURE

Protects your sellings againsi
lampenng by unauthorized
personnel Includes nvercentor
lalch aned padlock A musl when
nstalled in a greenhouse

ASPIRATED
THERMISTER

24 Vac - use
when no anr
cuculahion is
provided by
Fan-Jel or
other mejans

'\Q

.

@’ VAPOR

CAPSULE

Enuts proterhive vapor
conhmuously lor one year
A must when Grolron s
nstllodin the greonhogse

SENSOR
WIRE

Snecial 18 2 wisted pair
with jacket (Do nnl use
reqular 18 2 vare lor
LU




Team I*

A MECHANICAL CONTROLLER WHICH
AUTOMATICALLY TURNS ALL NECESSARY
EQUIPMENT ON OR OFF AT THE PROPER
TIME AND IN THE PROPER SEQUENCE

*One Heal Stage

* One Circulation Stage

*Three Venlilation and Evaporative Cooling
Stages

e Humidily Control

* 24 VoIt Control Circuit

e Installs In Greenhouse

e Approximately 3°F Between Stages

The TEAM | is a mechanical sequencer, nol
adjustable, having a single temperature dial.
TEAM [ cannot be remotely located from the
greenhouse.
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Poamete | an Jety hd EQuIpmMont Opoiatling

Oveethead T an Jis : For Tomporaiure Cumiral
Fan Jer Shatery

R S - Equipmoni Oporaling
For Dehumidification

— | ] €quipmont s on
Pad Ini
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FIXED BULB
THERMOSTATS

Range 30° - 100°F « Capacily - 1% HP

* 115/230/1/60 single slage - SPOT

* Two stage - utilizes 2-SPDT swilches -
39 dilferential.

DISCONNECT SWITCH

115/230/1 - 1% HP « DPDT with on-olf
aulo position.

TWO-SPEED SWITCH

115/230/1 — 115 HP « SPDT wilh high.,
oll, low position.

Available in coil voltages
of 24, 115 and 230 and
conlac! ratings up to 230
voll. (24 voll coil load

is 6 0 va). Conlacls

will handle up

lo 1% HP.

RELAYS

HUMIDISTAT

Range 10-90% R H — SPDT — 3 wire
125 VA 120/240 VA C. Pilot duty only

TRANSFORMER

115 V primary, 24V secondary
* 100VA; class 2
(included in Grotron and
Team 1 conlrollers.)

230V prnimary also available.

oA
TIMER G
For debuniditying by time 7
* 115V or 230V « Capacity 143 HP SPST,
* 10 minute cycle repeating )

SPEED CONTROLS

* Vanable speaed conliol -+ 115V or 230V
) D For use with Master-Gx, Dynamasler,
. W and CentnMaster 100 and 110 only
» Two speed swilch lor manual control of
two speed lang

Do 16 L ’ \D\
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It goes withoul saying that it is impossible thal the lotal {lux outpul of the
litting is complelely used for the crops. A part is losl by obslacles like
columns, pipes, elc.

That partof the light flux that really reaches the working plane is called the
utilization factor. Under normai conditions ulilizalion faclors of 76% are
easily oblained by PL-830 fitlings.

4.3.9. Conversion set PL-830

The lypical cuinstruction ol the PL-830filting permils the use ol the reflector
with built-in socket lo be used as an independent umt.

Obsolele litlings, of any make, of which the control gear is slill in good
working order, can be made up to date with the conversion sel.

A much higher lighi output, better uniformity and reduced mountling height
will be oblained.

4.3.10. Application PL-830

The filling PL-830is used in those situation *vhere only reduced mounting
height is available, as is the case in mullilayer culture systems. The lay-oul
of the fitting has lo be chosen carefully. A number ol often encounlered
situations is given in the lable below.

Application table PL-830/N 400, with a net outpul of 37.000 lumen per fitting

hght square support rail fitling mounting
level m per distance distance height

In lux fitting nm. inm nm

2000 18.5 6.70 2,76 1.52

2500 14,8 6.00 2.45 1,36

3000 12,4 5.50 2.25 1.25

3500 10,6 5.00 210 1,15

4000 9,25 4,75 1.95 1.05 e

Of course other and quite different solutions are possible

In order lo make a reasonably accurate eslimation of the htting lay-oul,
following "rule of the thumb" may be used

As long as the distance between the supporl ralls hes between 3.6 and 4.4
times the mounting height and the dislance belween the fitlings on the
supporl rail is not over 1,6 imes the mounling height, a uniformity of over
80% is assured

Because the configuration of the PL-830 fitings has to be exactly
determined, il is necessary lo contact Pool Licttenergie or your local
dealer. The solutions rendered will always be based upon the principle of
maximum uniformily at minimum cosl,

4.3.11. PL-830 systems at work

The PL-830 hitling 1s suntable tor mounting in hine as well as lor individual
mounting

Inthe tust case the support ranls are installed and the pre-prepared cables
lard in the cable groove ol the ratls

Thereflectors and the ballast-units are “clicked™ onlo the rails with a single
movement

Connection ot the cables s done inthe conneclionboxes. so the hitting itsell
does nol have to be opened

In the case of individual mounting, a piece of support rall with a length ol

Movablu vorsion of litting PL-830.
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S SHADE AND HEAT RETENTION FABRICS

A” growers fcce SOLUTION NO. 2: LS screens are com-
posed of polyester and aluminum
fhree Confrol wovenin stips. When placed on the
roof and housefront these screens vir-
problems: tually eliminate temperature stratifi-
cationinihe greenhouse andresuil In
] , nghi increased productivity through the
maintenance of consiant tempera-

). Tempergfure ture levels.
P SOLUTION NO. 3:1S fabrics are slightly
3 ‘ H Umldlfy permeable so when they are closed

waler vapour can escape. Yet by
closing the curtuins sorne waler va-
por will be trapped and the screens
canbe used to boost huridity during
warm frost-free periods AllLS tabrics
SOLUTION NO. 1: Speclal LS screens are completely non-drip under nor-
allow the degree of shading to be mal circurnstances.

varied from 20% to 99.9%.

Wilh LS tabiics ond a Sharp's shade
and heal retention sysiem you can
solve all three,

This investment car
pay for itself in as
little as one vear:

* Very high energy savings

* Lower water consumption

* Reduced risk of boiler stoppages
* Less use of pesticides

» Earller crop production

¢ Improved product quality

* Long service lite

* Minimum need for white wash

* Greenhouse enlargement does not
automatically require increased
boiler capacity.

Screen cornposltion can rangu from FABRIC SHADE ENERGY SAVING NOTES

100% clear polyester to 100% pure LS10 80% 45% All crops day & night
aluminum. A sample of LS 16 tor LSt 95¢;, 70% All crops day & night
exarnple will have one stip of clear LS114+4 99 94, 75% Mums, Points, elc,
polyester and two stiips of pure alumi- LS114+7 95% 75% Mums, elc.

num. This configuration in a closed __> LS13 30% e 50% Hybiscus, Carnations
position will provide 65%shadingand LS 14 10% 50% Carnation, Roses
about 60% energy savirgs. S5 50% 6_ 55% Gerbera, Cyclamen
Thelr high degree of refiection, great LS 16 65% 60% Fresia, Tomato
flexibility, and low mass create very 1S17 75%, 65% Foliage plants

lithe shading In theo open position. LS 18 B5% 70% Foliage planis

A NEW GENERATION OF SHAD[/HEAT RETENTION FABRICS .

27 — Aame s — AR 5 L r“,;—:»_-.u.- man




BRI IVIE N1 - Co 0N 1 K89

aelid 0, PIT V7 ST PIIITINE TIR T WO Y Awl LI RAL.

RTINS i

SREENHOUSE FOGGING SYSTEM

lhe MicroCool system produces an
aven distiibution of atomized micron
ske water particles (fog)., which
svaporate in the alr to provide unl-
lorm cooll~n and humidifying
)hroughoul both natural and fan
ventilated houses. In contrast to Pad
coolling, minimatl fan usage Is re-
qulred (saving energy) and tempera-
lure gradients are eliminaled.

Purnp Module: A special feature of
MicroCool Is Its space saving puimp
module. The base of the MicioCool
100 measures 15°x20°. High quallty
Baldor motors and Hydrocell pumps
are used o ensure reliable, trouble -
lree operation. The pump Is a qulet,
pulsation free. dlaphram lype with no
cups. packings, sleeves or greasing. It
Is unaffected by change In water
pressure and can even run dry.

Waler Fillralion and Trealment: The
water supply first passes through a 10
micron filter and then through a sec-
ond filter housing contalning special
~vater conditioners to prevent nozzle
scaling. Finally the water s tillered fo
a third tirme through an even finer &
micron filler before enterng the

puUMP.

Automalic Controls: The MicroCool
electionic control box operates on a
24volt clicultandliswlred ta the pump
module controls. It canbe positioned
al any convenient locailon in the
greenhouse. lirma, temperature, and
hurnidity can all be set. the green-
house opetalor can adjust the con-
tiols 1o create lhe exac! clrmale’ro-
quired for rnaximum growlth and
propagation.

Cost Effective
Even distribution
Uniform Cooling

Minimal Fan Use
Compact
Reliable

No temperature
gradients

Minimal mainte-
nance

Proven Durability

PORTABLE FLEXI FUGGER

An affordable do-it-yourself fogging
system for the small grower (up to
7.000 sq 1) Essential tor propaga-
Hon, germination and  plug
operations Includes humldistat and
sensor  for relhable climate control
Operates up 1o 100 noales Can also
be used us pressure washer.,

Tublng: MicroCool 1/2° fubing Is cus- -
tom extruded, schedule 8C ultra violet
resistant PVC specially reinforced to
withstand high temperatures and Is
rated to 1200 PSI. The tubing Is con-
nected with threaded brass cou-
plings and sealed with a high pressure:
pipe joint compound.

Nozzles: MicroCool nozzles aie In-
serted directly Into the tubing. At 600
PS! they provide 10 micron atomized
water particles which flash evapo-
rate while floating through the ak,
The unlque design of the nozzles en-
sures Ihat there iIs no diipping or con-
densatlon.

Dralnage: The system will automatl-
cally dralnwhenturnedoff, ensurelng
thatnodamage occursto the nozzles
from slagnant water,

Warranty
MicroCool sysiems have a 1 year lactory
warranty on all parts.

Technical Specification

System Operational Nozzles

Slze Volltage HP GPM In System
MC106 N0 v 2 woo
MC200 220 2 4 200
MC300 220 3 6 0
MC A0 220 5 8 400

Note: Cl:cinc motus ate single phase MC 300 and 400
systemsare avalabe in 3 phase powet




