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September 4. 1989 

To: 	 Dr. Rana, NBPGR 
Dr. B.P. Srivastava. LYSAID 
Dr. Colin M Clung, Winrock 

Fromn: 	 David R. Mears 

Re: Design concept for' greenhouse facilities for 
The Plant Quarantine Division of NBPGR 

Enclosed is a report c:ontaininci re:ofmlendations for- the design concept forthe greenhousrte facilities recuired bv the Plant Quarantine Division for the 

before comirnq to India plans and 

locations specified at New Delhi, Bhowali, Hyderabad and the Andaman 
Islards. 

These plans and recco1rrrndations have been developed after
discus.c..n and consultation-s with memirbers of your staffs andrepr-esentatives of greenlxse manufacturers operating in I

a number of 
with several 
ndia. Also,

specifications for several USDA quarantine
facilities were obtained and reviewed. 

Based on these discu.sions and h-avinq visited two of the pr-oposed sites onthis trip and one dluring an earlier assiJgrrent in India as well as a sitevisit, to a comercial faci Lif.v utilizing state of the art greenhousetechnology in Barqalore it. is mv belief 	 that facilities meeting thefunctional requirEnts reqjested bv NBPGR can be constructed on a turn keybasis. As indicated in the d.urlent., certain critical cowponents includingthe cooling sys&tem,_-., c:oritrois and glazinq must meet rigid performancespecifications and as these ite-.rs are not yet available in India it isr-eciomer:jed thev he irr,otnd. Tlh_ function, of the .iarantine facilities 
IlluSt be Im..lint-ained. 

The construction of t.he-:e fac:ioit.jes will give NBc6R the capacity to carryout the 	tasks indico-ed in the '~cn:co of work. It, should be efiphasized thatcont-ilued SLOCesfLi r.')'rfoi;i -i:e of tlie f..cilities over time will re(quirecareful attenition to [h- det.cr Is of faci I it,/ operation and maintenance.The po.:ssibiliLy of uLilizjq t.he facilities of local greenhojse operatorswhere state of Lthe ari. erivi[()rgierital conrtr-o] arid sLI-uctural units are inoperation for the traiiuri of r~u- r.onr..l should be conisidered. 

It. has, been a rewrd ro e'<perier:.e workino.] on this project and hopefullythe, project (.:an be ino: lerltF-d ini a tiri1v Iasthior. I want to express irrysincere appreciation t.o all txhz.e wtho ha-lve helped with the logistical
SUpport arid with provildinq ifor -. tion and insighLt. 
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DESIGN SPECIFICATIONS 
DRAFT OF SEPIEMBER 3, 1989
 

INTRODUCTION
 

The recommendations contained in this report are in response to a requestto provide such information for technical assistance and guidance in thedesign of greenhouses for the quarantine division of NBPGR. 
The scone 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 greenhouseerection 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 concernedwith the final implementation of the project - number of ideas have beendeveloped regarding the plans for these facilities. These discussions havebeen extremely useful in focusing attention on the key functionalrequirements for the various tasks to be performed, namely: plantpropagation, virus indexing, plant quarantine and screened growing. Therehave been several iterations in this planning process and a number ofinitial planning concepts havq 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 locatingall types of facility at a single station. The construction and operatingcosts are going to be significantly less than if separate structures wereerected and the functional requirement of isolation of the material undertest from the local environment is maintained to the same degree as wouldbe the case in individual units. 
 The most significant improvement in
planning concept is the switch from what had been considered to be screenhouses for the growing out of clean plant material in an insect freeenvironment to morea effective and efficient low cost greenhouse structuresuitably screened against local insects as required.
 

The design concepts laid out I.i this report will meet the functionalrequirements as specified by NBPGR. These requirements as ascertained in aseries 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 comunercial 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. 
In this regard it must be noted
that the provision orthat some all of the plant quarantine compartments beequipped as bacteriological contni n.n f ,a44 -4.-.----------L . 
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. Initial consideration was given to separate structures for
 
each of the four functional activities: plant propagation, plant

quarantine, virus bidexing and screened growing areas. 
It is clear that
 
significant advant.ges 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 uri.ts 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 and 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 equipnent 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 cotmunon standard conunercial units. Allowing a 5' corridor the 
compartments are the 10'x15' requesfted, except the end compartment can 
utilize the extra 5' for a total l,-ngth 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 Anidaina s 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 central aisle isone 
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
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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 arid 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 quarantine compartments on each sideresulting 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.virus indexing aiod propagation could then each 
The 

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 ventilation 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 bjuilding. 
 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 conmmercial 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 willwithstand the windloads expected at all 4 locations and anticipatedhail as per reports from those interviewed regarding hail potential 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 doublewalled extruded plastic glazing such as polycarbonate or acrylic sheets arenot recomended for this application. Their large volume to weight ratiowill make shipping costs very high. 
A major advantage of double "lalled
rigid glazing over single is the savings in heating energy costs, which isriot a major factor at any of the proposed locations. Double layerpolyethylene is not recommended for these units where containment is 

3
 



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 essential 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. itmust also 
be recognized that maintenance of the required integrity of the 
glazing sealing will require regular inspection and maintenance by
NBPGR 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 arid 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 mrost 
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 sunp where it can be treated 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 required. 

Benching layouts: 

A fixed peninsula bench system is reconTUncuided for each of the units in 
plant proaigation, 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 coirrUon 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 
fL- Ne,-, 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 ir 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 
reduce,. below the point that is acceptable. Also it was noted that the 
functional requirement is to provide an environment essentially the same as 
the external environment but protected against any ingress of insects. The 
internal 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 

atand screened f~ans 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 (fonierly 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 concern regarling 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 
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.
 



FNVIRONMENTAL 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 that 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 equipmient 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 chwiibers as independent control is ineeded 
for each unit and unit capacities are from 1 to 4 KW. Similarly, the
 
requirements 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 single stage
controls which are teamed up with the cooling sy3tem 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 anid 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:
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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 proposedthat the fans be arranged so that one set of fans operating in three stagescan ventilate an entire row of 3, 4, or 5 chambers. This can be done byhaving the air inlet for each chamiber through a screen and wet pad on theouter wall ard the discharge to the center corridor through screening inthe door or corridor wall: The air then is drawn up through . screen overthe corridor by the exhaust fans mounted in the gable end over the corridor
ceiling. The end compartment discharges dic-ectly through an extension ofthe screened corridor ceiling rather than through the door to the corridor.Alternatively, the end chamber could also have a screened door with theextension of the corridor ceiling over that chamber completely sealed. 

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

Note that for biological security it is preferable that the air bemoving out of the corridor whenever any external doors are open in the
(luarMlt.inC LU1i ts. With the .vou t. pro)Ix)scd 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 wheneverworkers are present and possible will beentry is the door unlocked
and the first stage ventilation activated. Early in the morningwinter there may times whenbe entry should be delayed until cold

in 

conditions very early in the morning ameliorate. It is notanticipated that this method of control of insects by having a minimum
exhaust airflow when 
 workers are present will cause problems withoverventilation under cold conditions as it is not expected thatworkers will be in the quarantine units during cold nights. 

Exhaust fan requirements:
 

The exhaust fans have been selected from a design table from the ACMEcatalog and a copy of the table is attached. Note that the column for astatic pressure drop of 0.150" water pressure is utilized for equipmentselection to allow for the approximately 10% derating of the fan for 50rather than 60 cycle operation. Note that all fan motors should be wiredfor 50 cycle current at 220 volts. In each unit fans have been selected toallow for three stages of ventilation. The exhaust fans selected for thisproject should have a perforiauice capability of delivering the requiredairflow against a static pressure of 0.10 inches water pressure and withthe 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 envirormiental temperatures within few degrees ambienta of seasonal 
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 recommended for its effectiveness in
greenhouse cooling applications as well as for heat conservation. It is
 
suggested that double systems be installed at all locations except Bhowali
where temperatures are not as extreme in the others. Bhowalas Ac 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 suiuer 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 tempeiature 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. 
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Controls:
 

Fans have been selected so as to provide for 3 stages of cooling in plant
propagation, quarantine and virus indexing units. 
The pump 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 velocitythrough the window of about 800 fpn

the 

to insure uniform air delivery alonglength of the window. Note that plant quarantine chambers having thecapability to operate as bacteriological containment or heat treatment

chanbers need to be set up so that the win w on those chambers canmanually disconnected frnni the rack and pinion and kept 

be 
closed while thosewindow sections on quarantine chambers operate normally. 

The therinostat for controlling ventilation and evaporativethe cooling
in the quarantine units should be located in the center chamber andthat should be the last chamber utilized on that side for

bacteriological contairunent. 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/temnperature 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 recoiunerided. 

ENVIRONMENTAL CON'IOL - LIGHTING 

Capability of lighting for continuous 24 hour photosynthetic lighting toincrease 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 thein virus indexing unit. Based on other lightingresearch it is suggested that PL-830 light fixtures from PL-
Lightsystems be installed. 
 At a mounting height of 1.05 inthese
light an area of 4.75x1.95 m at an intensity of 4000 foot candles.
These lighits 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 criticalrequirement for horticultural lighting isfixtures the unifor1mity
light intensity at the crop level produced by 

of 
a fixture mounted at aconvenient height above the crop. Thiese fixtures have the required


umiformn distribution pattern needed for 
this purpose. 

ENVIRONMEN'PAL 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. 
 In order to insure proper air flow it is essential to
provide sufficient screen area that velocities will be low enough so as notto cause unacceptable back pressure on the fans. The quarantine chamberair will flow through 3 layers of screen arid all other units will haveairflow through 2 screens. As the total static pressure contributed by thescreening should be no more than 0.05 to 0.06 inches water pressure screen 
pressure drops be inches.should tunder. 0.02 
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Areas required based on current assumptions:
 

Some tests have been conducted on 
;.teens to discover airflow/pressure droprelationships and based on some infornation 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 arid 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 6" away from the pads and 3' away from
the inlets to the exhaust fais.
 

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 I ft off the end walls. The screens
inside the inlet end can be within 6" 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 mm, 
a 38% open area and .01"
opening. 
 It comes in 3' and 4' widths and currently costs Rs 35 per squrre
foot. 
 In 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 arid assumption confirnation/correction: 

As indicated above, a criticil considteration in determining the screenrequired is the resistance area 
to airf'low. One US auniversity laboratory haswind tunnel set up to enable su-ch test.; to be conducted and the sectionalarea of the test unit is 4'x4'. If a jample of the local screen can be
obtained and thetested screen area requirements rioted above can bereconsidered arid mclified as necessary. As the WmoUnt of screening isquite 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 ventilationsystem 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 theextra growing area be utilized for this purpose. A misting system and

controller can be installed in the chamber.
 

HEAT TREATMENT CHAMBERS
 

NBPGR requests that at each location one plant quarantine chamber be set upas a heat treatment chamber to treat materials infested with virus atelevated temperatures of 38 - ,10 C for extended periods of time, To dothat it is necessary to decouple the chamber from the normal ventilation
system by disconnecting the window for that section from the rack andpinion olener. A supplemental heater on its own thermostat can be used toboost the temperature above that being maintained in the other chambersduring either ventilation or heating. The most direct solution isincrease the capacity of the heater 
to 

in the chamber to be used for heattreatment to provide the needed total calpacity. The required extra heatingcapacity is 9 KW each at New Delhi, Bhowali and Hyderabad and 7 KW atAndamans. The thermostats on the heat treatment chambers can be set upthe desired temperature when being 
to 

used for that purpose and at the lowersetting of 15 C when used for normal quarantine. The increased capacitiesof 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
 
Andamaans.
 

In order to provide ventilation when solar input would raise thetemperature above the desired level a separate fan is required. An ACMEFCP1284 fan mounted in the gable end wall and screened with 12 square feetof 60 mesh screening will provide suff cient airflow to keep temperaturesno higher than several degrees above outside temperatures. A matchingshutter inlet becan mounted in the end wall over the regular windowbehind the main inlet screen. This airflow will riot be 
and 

through the wet pad
system. 

BACTERIOLOGICAL CONTAINMENT 

NBPGR? requests that all plant quarantine chambers also be equipped foroperation as bacteriological containment facilities with closed operation
under mechanical air conditioning. 
Under this mode of operation it isrecoimended that the chambers be kept under negative pressure with the airbeing exhausted from the chamber thrniigh a LEPA filter system. At this
writing the airflow requirements 
 for the chambers to provide satisfactorynegative pressure to satisfy U.S. Federal Standard 209B for Class 100
Conditions. However, NBPGRI? does have one indoor room equipped with such afilter, (ULTRAKLENZ), provided by a local firn which could presumably sizeand install units as needed. 
This exhaust unit and the air conditioning
unit could be installei in the external side wall of each chamber. This isassuming unit, air con ",tioners are used. Consideration should be given tousing central compressor units with evaporators arid air handling units ineach chamher to reduce costs of installation, operation and maintenance.There is the possibility of tying into the central air conditioning systemin the main building in New Delhi Mid using just evaporator/air handlingunits in each chambm.er. The heat load estimates for bacteriological
containirment units are calculated on an attached sheet and are 10 tons for corner units and 8 tons for interior chamberE. 
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PRIORITIES
 

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 ba 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. Itis 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 ad use of those facilities may help .to1101 wo the load on the quarantine units designed here. Also someconsideration 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 great. 
As the layout and location of the

facilities is to be determined by NBPGR consideration should be given to
minimizing this aspect. Consideration of having open exterior access
through double doored entryways as planmed for the Bhowali site may be
given consideration at other sites if necessary. 
As it is anticipated thatthe greenhouse in New Delhi will be constructed before the main building iscompleted it is suggested that the connecting corridor riot be a part of thegreenhouse construction contract but left to others for a later date. Thisissue needs to be considered at Hyderabad arid Andamans also.
 

As the environmental conditions in both prolmgation and virus indexingareas are identical and both are required to be kept free of local insectsconsideration could be given to eliminating the partition between them andthereby 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 anid certainly acceptable for propagation of almost all

plants. 

Consideration could be given of reolening the question of utilizingpolyethylene 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 infuture, stocking reserve material could be 

the 
considered. Note that bothFiberglas and polyethylene will have to be imported as there is noindication that acceptable materials are available within India.
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RESPONSES TO REQUESTS FOR DATA FI 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 reconunendation 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 Cless than 15 
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 recoiuiiendation for a 60 mesh screen. 
There should be 10
 
compartments off a central corridor with single entry doors theto 
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 envirormiental 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 comxi rtments for heat treatment of virus with ability to 
maintain setpxoiit 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 reconmendation 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 temiprature arid target of no more than 25 C day temperature. Partial 
shading by internal curtain system essential, possibly a double system one 
at 30% arid 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 Delhiin 
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 irndexing 
section. 



Screenhouses
 

Four screenhouses of nominal size of 25 ft by 75 ft. 
 The walls should be

nominal 60 mesh screen and te 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 hireemployees. This structure can be away from the others and need not be
connected via an insect proof corridor. 

Mist Chamber 

A mist chaiber can be created at Delhi by utilizing one compartment of thequaraiitine 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 reconunendation for a 60 mesh screen of a nominal floor size of30 ft by 40 ft. Plants to be grown on benches in containers. Floor pavedwith drain to collect run-off for treatment. Double door entry required.

Single zone for envirorunental control with provision for no less than 15 Cnight 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 scr-en. There should be 4 
compartments off a corridor with single entry doors to the corridor. Eachcompartment 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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tepperature and target of no more than 30 C day temperature. Partial
shaiding 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.
 

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 iq 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 anid target of no more than 25 C day temperature. Partial
shading by internal curtain system essential, possibly a double system oneat 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 screerhouse 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.
heating is required. No

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.
 

Mist Chamber 

A mist. chamber for propagating cuttings can be created at Bhowali 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 extraheating capacity will not be utilized during those periods.
 

Hyderabad
 

Weather, heating 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 
,ocollect 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
 
,ouse 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 fIEPA 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 recoiuneridation 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 envirornental 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% aid 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. Ag met data may indicate air conditioning is required. 

Screerniouses 

One screerthouse 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. AlterTatively, 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 Idue to utilization of casual hire 
employees. This structure can be away from the others and need not be 
connected vig an insect proof corridor.
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Mist Chamber 

A mist chamber can be created at Hyderabad by utilizing one compartment ofthe quarantine house by providing that compartment 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 thequarantine 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 heattreatment by setting these controls at appropriate levels and the extraheating 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 reconuiendation for a 60 mesh screen of a nominal floor size of 30ft 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 temIperature ard target. of no more than 30 C day temperature. Partial
shading by internal curtain system desired. 

Plant. Quarantine 

One glass greerdiouse screened against ingress/egress of insects with
nominal recotrunendation for 
a 60 mesh screen. There should be 10 
compartments off a central corridor with single entry doors to the
corridor. Each compmrtment should be a nominal floor size of 10 ft by 15
ft. 
 Plants to be grown on benches in containers. Ploor 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 daytemperature. Partial shading by internal curtain system desired. Optionto use one of the compartments for heat treatment of virus with ability tomaintain setpoint temijxrahur'e of' about 40 C day and night desirable. Seeheat treatment, below. Additional option to use one compartment for a mistchamber as described below. Note quarantine cabinets also need to be usedat some times for bacteriological containment necessitating sealing the
compartment., [putt inig it unider niegat. ive pressure with a fan exhaustingthrough a IIEPA filter and cooling by air conditioning. The compartments 
can be sepxrated into two areas. 
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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 uponconditions. High pressure fog should be considered for maximal cooling
without resorting to use of a sealed facility with mechanical
 
refrigeration.
 

Screenhouses
 

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 througha 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 hireemployees. This structure can be away from the others arid need riot be
connected via an insect proof corridor. 

Mist Chamber 

A mist chamber can be created at Aridamanis by utilizing one compartment ofthe quaranLtine 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 inrone compartment of the
quarantine house by providing that compartment with the following options:

An independent control for ventilation 
An aLxiliary heaLiiri system with independent control

The compartment car) be used for quarantine when riot being used for heattreatment by setting these controls at appropriate levels and the extra
heating capacity will riot utilized duringbe those periods. 

Cropping plans at each facility over time
 

New Delhi
 

Plant Propagation - for routine plant raising 

A wide range of indicator' pl.aits (temixrate, , tropical arid subtropical),
will be raised in the prol.aation un it throughout the year for virus
indexing. The growing of tobacco plwt.u for hypersensitivity reactions for 
bacteria will be carried out. 
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Plant Quarantine 

Crops to be grown i.n 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 be 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 will be screened against seed 
borne (true seed or vegetative propogules) viruses by artificially

inoculating indicator plants to establish virus infection.
 

Screenhouses
 

Screerihouses are to be used for direct sowing of seed in soil of 
International trial material and germiplasm 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 chamubers. 

Heat 	Treatment
 

A heat treatment chamber to treat plant materials infected with virus is 
needed in one quarantine chamber. As this facilityi 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 year 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 - Black~b<rry

These plants will be grown throughout the year in isolation for specific
periods prior to their release to indenting institutions/scientists. 
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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.
 

Screerhouses 

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 chwriber 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 also be used forcan 

normal quarantine.
 

Hyderabad
 

Plant Propagation - for routine plant raising
 

A wide ran'ge 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.
 

Screenihouses 

Screeruiouses are to be used for direct sowing of seed in soil of 
International trial material and gerrnplasm where healthy progeny of 
material is to be released. The crops are the same as those listed under 
the quarantine section. 
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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 isneeded in one quarantine chamber. As this facility is not needed at alltimes 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 (temlprate, tropical arid subtropical),will be raised in the propagation unit throughout the year for virusindexing. 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
 

Gernplasm material from the various agri-horticultural crops described
under the plant quarantine section 
above will be screened againstborne (true seed or vegetative propogules) viruses by artificially
seed 

inoculatin: indicator plants to establish virus infection. 

Screenhouses 

8creerIhouses are to be used for direct sowing of seed in soil ofInternational trial material and gerimplasm where healthy progenymaterial is to be released. The crops are the same as 
of 

those listed under

the quarantine section.
 

Mist Chamber 

A mist chamiber should be provided as an option in one of the plant
quiran tine chamibers. 

Heat Treatment 

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

21
 



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 perLainent 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% shadinm 
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 reqi iirements for: Screerhouses, 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 sq ft gross floor 
area with permanent benches of masonry construction with smooth tops toenable sanitation to be easily carried out. Minimum temperatures should be 



30 
no less than 15 C'and maximum tefrreratures should be held to no more thanC to the extent possible. A shading system 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. Minimumtemperatures should be no less than 15 C and maximum temeratures should beheld to no more than 30 C to the extent possible. A shading systemproviding 30% shading to relieve heat stress is desired. All. compartmentswill have doors to an access corridor such that two doors must be passed b any insect moving from one comoarbnent to another. 

Virus Indexing
 

The virus indexing facility shall have at least 600 sq ft gross floor areawith permanent benches of masonry construction with Emoth tops to enablesanitation to be easily carried out. Minimum temiperatures should be noless than 15 C and maximum teneratures should be held to no more than 25 Cto the extent possible. 
A shading system providirg 30% shading to relieve
 
heat stress is desired.
 

Screenhouses, Mist Chamber and Heat Treatment 

The functional requirements 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 bernches of 
masonry construction with smooth tops toenable sanitation to be easily carried out. Minimum temperatures, should beno less than 15 C and maximum temperatures should be held to no more than30 C to the extent possible. Shading systems providing 30% and 45% shadingwhich can be used independently or in tandem to relieve heat stress are
 
desired.
 

Plant Quarantine
 

rhere shall be 6 conpar-tents each of 
nominal size 10' x 15' or about 150 
sq ft gross floor area with permanent benches of masonry construction withsmooth tops to enable sanitation to be easily carried out. Minimumteperatures should be no less tlhan 15 C and maximm terperatures should beheld to no more than 30 C to the extent possible. Shading systetsproviding 30%-and 45% shading which can be us-ed independently or in tandemto relieve heat stress are desired. All ccxo1artnents will have doors to anaccess corridor sukch that two (d:×-s imrst be passed by any insect frKvingfrom one corpart.,enL to another. In order to enable quarantine to becarried OUt. urnder baeteriol.cqical c:ontzii-ment for sciie. iaterials, provisionmust be ILide t.o -s'eal af f all sc:reened inlet.?., and outlets anyJ ventilaLe tLecomipartment. by exlEaust.i(j a1r thrcKIC11l a filt.er iieetirq U.S. Federal
Standard 20(7e (article 50.1). This extust systan will keep thecoipartment Under negative pressure and will exhaust through an outside 



wall. Cooling of the compartment duringA operation requiringbacteriological containment will require an internal recirculating airconditioning system. 
It is desired that all quarantine compartments be so

equipped.
 

Virus Indexing
 

The virus indexing facility shall 
save 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 noless than 15 C and maximum temperatures should be heldthe to no more than 25 Cto extent possible. Shading systems providing 30% and 45% shadingwhich can be used independently or in tandem to relieve heat stress are
 
desired.
 

Screenhouses, Mist Chamiber and Heat Treatment 

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

Andaman Islands
 

Plant Propagation ­ for routine plant raising
 

The plant propagation facility shall have at least 2400 sq ft gross floor
area with permanent benches of masonry construction with smooth tops toenable sanitation to be easily carried out. Minimum tanperatures should beno less than 15 C and maximum teuperatures should be30 C held to no more thanto the extent possible. Shading systems providing 30% and 45% shadingwhich ccn be.used independently or 
in tandem to relieve heat stress are 
desired.
 

Plant Quarantine 

There shall be 10 coiparbtents each of nominal size 10'sq ft x 15' or about 150gross floor area with permanent benches of masonry construction withsmooth tops to enable sanitation 

termperatures should be less 

to be easily carried out. Minirium
 
no than 15 C and maximum temperatures should beheld to nKreno than 30 C to tle extent possible. Shading systemsproviding 30% and 459% shading which can be used independently or in tandemto relieve heat stress are desired. All cogpartments will have doors to an
access corridor such that two doors must be passed by any insect movingfrom one ccxrparttient to another. In order to enable quarantine tocarried out under bacteriological contairnent for 

be 
sxmke materials, provisionmust be made to seal off all screened inlets and outlets and ventilate theco partment by exhaustirg air thrcugh filtera meeting U.S. FederalStandard 2098 (article 50.1). This exhaust system will keep thecompartment under negative pressure and will exhaust through an outsidewall. 
 Cooling of the ccxrpartnent during operation requiring
bacteriological contairnient will require an interrm] recirctilating airconditioning system. It is desired that all quarantine comparbtents 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 moreno than 25 Cto the extent possible. Shading systems providing 30% and 45% shadingwhich can be used independently or in tandem to relieve heat stress are
 
desired.
 

Screenhouses, Mist Chamnber arid Heat Treatment 

The functional requirements for: ScreenhouseL., 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 usedpots in accordance with strict quarantine procedures. The floors in thequaranLtine, virus indexing and plant propagation houses should be concretewith 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 nun per year 

Hyderabad 

Andauan Islands 

MLximum temperature range 28.7 C in August to 32.4 C in AprilMinimum temperature range 20.7 C in February to 23.2 C in JulyMay to November is rainy season with 3180 nu 
 per year

Relative humidity: 8:30 am 86% max August to October 

5:30 Iun 
65 
84 

to 
to 

70% in 
87% max 

January to March 
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.
 



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.
 

Andamian Islands 

One plot 100' x 110' for the combined headhouse and plant 
propagation/virus iridexirg/equarantinie 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 bf the main building to the side 
entrance to the plant quarantine area the walktay 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 infollmation iprovided 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 mrust 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 labyor will need to be utilized in thoce units. Note 
that there is no need for a covered walkway to these units. 

Bhowal i 

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 



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 reconmmended for this purpose 
as 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 :io 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 east. west orientation. This is not a major factor 
at this latitude arid therefore other site considerations 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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HEATING DESIGN CALCULATION RESULTS
 

[LOCATION ITEM 

AND DESIGN UNITS 

TEMPERATIJRE 

NEW DELHI 	 EXTOS. AREA 

SQUARE FEET 


5 C 	 HEAT REQ'D 

BTUh 


OR 
HEAT REQ'D 
KW 

BHOWALI 	 EXPOS. AREA 

SQUARE FEET 


-2 C 	 HEAT REQ'D 

BTUh 


OR 
HEAT REQ'D 
Kw 


HYDERABAD 	 EXPOS. AREA 

SQUARE FEET 


12 C HEAT REQ'D 

B'IUh 


OR
 
HEAT REQ'D 
KW 

ANDAMANS 	 EXPOS. AREA 

SQUARE FEET 


21 C 	 HEAT REQ'D 

BTUh 


OR 
HFEAT REQ'D 
KW 

PLANT 

PROP. 

3,120 


68,000 


20 


3,088 


115,000 


34 


2,256 


15,000 


4 


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
 

3 @ 1 
2 @1 
1 @ 10 

4 @ 556 
6 @ 316 

1 @ 24,000 
9 @ NIL 

1 @ 7 
9 @ NIL 

VIRUS
 
INDEMI
 

1,560
 

34,000
 

10
 

1,344
 

50,000
 

15
 

1,128
 

7,000
 

2
 

1,560
 

NIL
 

NIL
 
NIL
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HEATER REQUIREMENTS
 

GAS FIRED HEATERS, K)DINE MK)DEL NUMBERS UTILIZEU 

LOCATION 
 PLANT QUARANTI1INE VIRUS 
 SCREENED
 
PROPAGATION CIAMBERS 
 INDEXING GROWING
 

NEW DELHI PAl05 
 PA50
 

BHOWALI PA200 
 PA105
 

TOTAL GAS FIRED HEATERS NEEDED
 

I '@ PA50
 
2 @ PA105
 
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 IW (FOR HEAT TREAMIENT)
 

BHOWALI 
 I @ 6 IW
 
2 @ 4 KW
 
I @ 15 KW (FOR HEAT TREAIENT)
 

IIYDERABAD 1 @ 4KW 5 @ 
1 KW 1 @ 2 KW
 

1 @ 10 KW (FOR HEAT TREATENT)
 

ANDAMANS 
 I 1 @ 7 IW (FOR HEAT TREAThIENT) 

TOTAL ELECTRIC HEATERS
 

5 @ 1 KW
 
7 @ 2 IM
 
6 @ 4 KW
 
1 @ 6 KW
 
1 @ 7 IN
 
3 @ 9 IN1
 
1 @ 10 KW
 
1 @ 13 IN
 
I @ 15 IN
 

ALSO 26 THERMOSTATS FOR ELECUI'TIC HEATERS 
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VEN[1LAI.ION DESIGN CALCULArlON RESULTS 

LOCATION ITEM 
AND DESIGN UNITS 
TEHPERATURE 

NEW DELHI 	 FLOOR AREA 
SW.JRE FEEr 

5 C 	 VENTILAIIO 
CFM 

PAL)- AREA 
SQUARE FELt 

R' - L-, N Ai h 
SUUA-E FEE F 

BHOWAL I 	 FIOU]R (REA 
S"QAI-,E FEET 

-2 C 	 VENIILAr.[ON 

OF11 

PAD. ARE(-
S&IUARE FEET 

SCREEN (IEA 
SQ)UARE FEET 

HYDERADMAD 	 FL CUR Af'RE 
'ASt.ik . FIl-. I 

1. C VEN I I LA .11C4 
CFM 


I:Il) (ItIA 

U A- ,E FI 

SCREEN ARFA 
S9.JAkR FEET 

(-VDAMIANS 	 FLOOR A\RE 
SlU.ARE FEET 

21 C VENT ILATION 
(T.. 

POD AREA 
SCUARE FEE T 

SULYIE FL I_I 

PL-N 
PROP. 

2.000 

2 ,400 

.1,-401 t0 

,.4( ,1() 

[, 

4X40:160 

;40-240 

I ­

17,60().. 

*."4(): I () 

64C):2,10 

2. 0u) 

2'.400 
. .. 

41().: I ,U 

z0
 

QU'AR-4T114E 
C-I-UERS 

'2@1 ,-00: 
2, 000 

21,20: 
'22,4(-X)0 

2X, ­
200 

"(-0X I): 
500 

0(X(00 

.10. 

2X40=0 

3X,- 120 

2@tCxJ: 

.20
 

.,200 

. : 
7.,t(
 
(' P2X~r .: 

120 

2@3X3(.: 
10
 

...2C, .00: 
2, (X 

2212X0 
i -

20?)(SU: 
-0 

.)U 

VIRUS SCREENED 
INDEX I NG GROWI NG 

1,000 	 4@3,000. 
12,000 

11,200 4 EACH @ 
3560 

4X20=80 4@6X30: 
720 

e,X20: 120 	 4619X30:
 
10,-0
 

800 	 3 . 00 

10. o 	 --3,6(X) 

4X20=80 	 6X30= 180 

bX20"120 	 9X30:-270 

600 	 3 .000 

0, 00,, (A) 

,X '" -0 "L:~j ( 

6X20:120 	 , 9X30:270 

1,, 000 	 2,0:0= 
6. (00 

.2E- @ 
,2 -7.T.600 

4X2:0 	 2 X30 
360 

540 



GREEN4OUSE EXH-)Usr FAN RECUIREMENTS 

LOCATION PLANT W(gRi-'4INE VIRUS SCREENED 
PROPAGATION CHAMBERS INDEXING GROWING 

NO. MODEL NO. MODEL NO. MODEL NO. MODEL 

NEW DELHI I D0::24E 2S 2 DC24IE 23 1 [X24E 23 8 DC48H 
2 DC36G 2 1C,3tFI [EX:3F 

I FCP 1284 

BHOWALI I DC24E 1 )C)4E 2S 1 DC24E -I 2 DC48H 
2 DC30GF I I [-C-uFDLUF 

.1 FCP 1284 

HYDERABAD I DC24E 2 DC2,11F 23 1 [:24E 2'S 2 DC49 
2 ~DC36F 2 I , [x .'1F 

AN[MANS [ DC24E 
 2 DrD24E 23 1 DC:24E 23 4 DO,-8H"
 
2 DC36G 2 DC3,F 
 Dc3(jF
 

1 FCP1284
 

CORRIDORS AT [ELHI, HYDERABAD AND \(-V g'43 3 C,36F
 

TOTAL FANS NEEDED BY TYPE 

DC24E 2S I1 
[)-:24E 4 
DC24F 3
 
DC30F 2
 
[DC30G 2
 

[)C3tF 1t 
[)C36c-" 4 
DC4UH 16 
FCP1284 4 

NOrE II-E DC24E 2S 13 A 2 SFEED F(-4. (11 OTHERS ARE I SPEED. 

THE (ABOVE MDOEL ri3ERS REFER TO A(CME F(ANS AS FER CATALOG C7R 585. 



I-EAT LO-D CALCULA][.Ut']3 FOR B-CTER[CLOGICf-_ C0NTAI14IENI 

It is desired that., certain quarantine CooPartments be eqjipped with air
 
condi tioninrn and H[-( fi] tf:fi on an exh. LISL 3W sa"yste4i SO that, they can
 
be e sentially sealed and ent. Lder- neqati'e p-ess,ure for c:ontair-tient
 
of bacteria and funci. In order to do th te[ W.' system nimst be
 
c bil.,,"-ibof -,ill of tthe lo1oad arid .:.ensible heat gai n frome r-il.)v ilnc. 

.
tIle Ilot.t )(LtjI te -A r i Hr r.. (uI iKtai -.,nt i,I to no t-e t ti the 
AC system itrust, be ciarlmile ;o r WiI the design cooling requirem1e.nt when 
the out'side air tenverature is at. tH1 desigin maximum which is 45 C in 
Nei.N, Deli 

c:o <f ,,T 
baSed Lw:ri both AP'I-'AF ,,li ,-iKI Me llrip and 

Calcitl cit.i.r hof t l;od our ri ic aId i nterori coirpar tmllrents were made 
.r2,:. Iht s IJf ied method of Jordan 

Pi imc.tor utitizirI 51nbl. It. IC) and tO. 11. (Tl-xt. -ourtew of Dr. P 
Ot ,'rl tlci ) It 1 ,1.1 o r .-.ov(,t ,r r luiibr:'i o.uf hot ir:. of Lhe d,:ty ilI (dic!aLe 
t.t i it [1re ii(I,l illo I .r i r , inr ru-er its occirII" Ire r s.olarCnOLi ( r11 01tr ( 

noonir l tlicr t_ , L '.'1, ' noi th or sh-on .1 r le IIv3xiIIuiI solar
IIv orii. .c Itti' 

loald on rl n/r tiiIorrI'.: rus" 1 ) Pa10 ­((ill([),' (an'(i , lOol- tillll2. 

Tte . for t io ((- Ii'I (-oiii, ir-tIrienIt 1,. tvi.r:cd on 2(0C) s'.q rre feet
 
i lrocf, I,: (.Jof ,i d wall
)f li zorit 24(1 ocitho ', - end and A0() F-quare
 

feet of oul.id,e .;ido w,:1 I.
 

(26/+25)x,00 + (49 +22)x240 + (19422)x 100 = 80,000 BTUh 

-llowinnq 5u% for sern.ible qain ttro riph interior- walls arid irfilLrat.on 
calsed by OCVjic:LIJt(:i.n ,L'JO.it.y (orner cabinstl :.tLr i factor t.-e need
 
120,0uD BTUh (capaci.ty or 10 tons at operatinq teliperatures of 25 C
 
inside and 45 C outside.
 

The calculaLion for the (:ent.er c;of .rart4orent is; basced on the 200 square 
feet of horizonLal roof and 1C 7.,souare feet of outside side wall. 

(27/6-,)+,2 m t- (451 I)xI(xJ : t,.Cx) BtLUh 

A\gain allowirn.j 50%, t ro corir cbi rr: need '7P ,WO BIUh capacit.y or 8 
ton s at operawi.rio teriper ,artlis or 25 C inisi de and 45 C outside. 

I C :Ol1111(1 1UNO en Iio n ,I L IS ted U1A r.aIrm rn ilet tiHIt,rr,. st. be capable of being 
seal::d ,, ri -; :cle.- cf L)-(.[ei it be E'J-I]ified with a capacilty for 
0irrl- in.on r i-j of 10 t(on,1:. ,cI r it.r-:,r cnpar trirent. shout ld have an 
8 t-()),nn tV. rb on Ive the exteriori ,- K . (: irartrenit IlLi]."rd Iulust 
wirIduw ci 'redarild nm e ind ti m,(-Preri fr(x tihe c o:i art.lrrent Lo the 
certral corridor and ehu:.ntLiiflso sealed. Tire corvarbirerit s-ould 
then be ev - uated thr-ou -i IaEP, filter mieetinfl the U.S. Federal 
standard 209B fur class .1ANX)or Ji tIons. 

t.LI;.at.i(norr giara t.i ne chranbers LIsed forIL is sumlio.t~d ir t Li.uiirmrC. 

tlhis put F it.? LH 1'. LIt . t., then t I .,e cor;ier
poe' the i(.r Irn Wr' I i zed firt i 
Uni L not r i ii t 1i . Iiii ' (::1 I:l tin . r telt,r . f(:rippedf 
t.reoatmerit -ho[lod tl: lu'.l ,i. i2(:t extraA as. 1 tina: c fan arlk air 
KIMlet. h i - t. fi- t to be.used for- thissc le. Hoto Hat i, v c.omiratir 

JIlPI t. 1t t W . I w i 14ow .1 .1"re
. '.: IiO( :'5..,1 ¥' I1cit , t K. , 11 ci pad ,Y.tII be
 

e-,ial~it , I H .(,rl t c) tlit:, it ca:,-in br I r rlual ly
. lr l('i itdtoimiiil ' I vi1:. 
di' .(orr1li tt qo1 to it 111i i m . alnd kr . AJklt whi .eit , pIni r.i)( o: C-iiI 
other wirn.do.... aie wII i.. i-, 


http:t.LI;.at
http:capaci.ty
http:irfilLrat.on
http:requirem1e.nt
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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 Head 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 0C (Dec) to 430C (May/June)
 

Port Blair Humid Tropical 21 0C (Feb) to 330C (April)
 

Bhowali Temperate & Humid 20C (Jan) to 300C (May)
 

Delhi Subtropical 50C (Jan) to 450C (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. 

/-t6
 



: 2 :
 

3. 	 Guidance for the development of design of each unit including the 
arrangement of bench spaces and all other activities routinely 
undertaken for plant raising in Greenhouses and Screenhouses having 
automatic temperature, humidity and light control systems. Vagaries 
of nature like strong winds, hailstorms etc. should be kept in view 
while developing the design. 

4. 	Guide in thp development of design of Greenhouses/Screenhouses to 
meet quarantine requirements. 

5. 	In consultation with NBPGR, recommend appropriate fabrication
 

materials.
 

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

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

8. 	 Submit a written report at the end of the period. 

AGRE:BPS: rs:05090:6/22/89
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DILY-. '.AIvI'IES LOG OUILINEI'UCUSF 8 T0 S .EPIEII.3 .-R 6, 99 

8/9 Travel 
8.... ...... 

8/10 Arrive Delhi @ 12:50 am, Hotel Vasant Continental @ 3:00 am
9:00 arrive Winrock Office and start introductory discussions.Discussions with Winrock, (A. Colin McOClung and M.A. Nair), on work plan,available support facil.ities and tentative travel schedules. Later in

morning shift to SIDqffices.
Di-Cussions with B.P. Srivastava on USAID expectations regarding

consultancy and status of F'GR projeot. 
Contact .Endo (-ierican Hy/brid Seed Co.
Fix appoinbrent with N8PGR for Friday morning.
Di:ts (ta-sf 1'Rpro jrzl,:t wi th Drj-. A-ndrea blulberci.Greenhouse c:OnstFruLtion is budgeted at $600 k for jiPorted items and$100 k Rs equivalent in dollars for a $700 k total. 

8/1.1 9:30 leave for meeting with .D. Rana at PIGR and oher PGR staff .After intioductory discussions with Di-. Rana tour facilities to reviewchanges since my last visit and re-establish contacts. Note Uat Di-.Chandel jnew facili ties and .equJipmenrt are .cx).f'mj tn,.jGetherrapidly and lookgood. These first dic-tke -iboAt4 1/2 h'Yxrs and inldiCSate generaldirec ions Lo be taken. ,!estioti of Lravel Lo Bhowali,: and .AtdJalans is i-opened and Dr. Rana will consider. 
3:00 pll, review progress withLSIt4.. Later call from Dr. Attavar inBamgalore. Ido Ainerican "willing to do PGR Project on turnkey basis. 

-

8/12 9:00 au, meet wi1.h Mr. RamnIth who is head of Quarantine Division and
thl-ee of his key so:ientists: • ion d 

[)I-. P.C. Acjartea L PBacr terio Ioqi; t
* Mr. D.B. .Parakh Virol ist" . 

Dr. C. (-iianlth Kum r Viroloqist
Duriic about 5 hotj-r; -di cussionr-er"in'. tefntol .­reqUli.r"eienl.s for: th rotu bat;i t tpr,s of f,c-i ites aT," actI of iie fourgeo'"pl ]C.1oc.aCt.io(1.'-a ir,2dtde:il r inrorh;.:i tiou w.s ob -ali nWed,asome: optioial appro-.)a(s Io de'iqi corcrelt, di -,crsl:,'d and sr.e ger ral 6orcept~s 

. ..l I i I y -I .ic c'cl.l e,of1.Ih 1 P c Il-it'j Cn0. r-equcstxd aLI i v "joiI.,)Fic:s .o'(ldViU c1t-'Li l:i i1 i cOVer-d in e .ar~ie r1oLes. 
8/13 Sunday: 'Cont-inue iaay--i,-, iii ",i , i hi.ft I. Wir.ock office touti1lize Wt-\Na computter" ".nd inil.iate preliminary design woirk, 

-r 

. 

8/14 M0nday: 8:00.am Wii-(:k olfice Lo copy the initia] request for.data,the responses filled in to dat.e and the. layout sketches for the plantpropaga Lioi 30 by 40 qreenliohuse. Send these iL-eills t, Rariin tIh via lex.F-oui. 9:00 ai. to. t:30 ,pillunel.tti B3thiianOPat, AID.officoe. 
4:00 pml t1e'et' wjI1tIaIHIn L'ht WI3R to review documents s-ent 'ear-ier':id djr?s! POs ibs1e travel "tI Iown71lX1 Barmi ore (24125)5:00 pmn MeeLw ii Dr f.i :i, C[)-,p(,I U'" .b. i ty of his­

wi.li.a'. ndawcn i fi'it (-)do 
11r)(oi 

wj 11uJIt 
Fo ' 

ru:c 
wcJii d tIri o iitiook 
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8/16 Wednesday Set Lp Bhowali -nc Bangalore trips with design wor-k in
between.Noon-review- procIreswith-AlD aly= ~ncon t ede$'i-n Work 

* ! 	 . finish (hopefully) .scheduling problems. 3:30 	- O6:0pin @:NBPGR. Dr. Rana 
agrees with travel schedule, leaving Andaman travel an open question.
Give 	Dr. Rana Rod Sharp's information and he will disciss with Dr. Paroda 
as 	policy issues are in the IC'AR for decision.
 

Ramnath 
and staff wiil .work wi th Pitamto get more specific a .netdata 	for the sites. Staff have worked up a rnber of answers to earlier 
inquiries and Iave several questions to iron out which are done. They 	have

discussed the issue of mist chambers and like the idea 	of having one 
quarantine cha, ber at eich location equipped for th-at. There is 
considerable discuxssion on thne need for mechanical AC instead of 
evaporative coolinq only an d t .is agreed calcullations based on real -aget
dat.a ,=houldbe dnt bfore setL i n'.i tJins, .LSue. 

8/47 	Thursday(AL Winr-roc;k wui'kiil on designs andspecifications. 'Phone 
r.i. l 	 Dr- L\cwr'of NL,PGR re. a1oireL data and layouts. The

aciomel dat'a 	beinq worked on .iAid lokin: : for" Pita•..to find what he has. (As
per' I,:yult., it i- int.ended that c:oovered and insect seckure w.lkways will
join th.e lab with all i eerchouLse, , and screenhouses. Note the issue of 
ventilation of these irust be addressed. Late afternoon meet with BP on the
issue of how cont'.racts arp- to be haindled and depenii-i upon that what sort
of 'form is required and whtat j.nformat ion is needed in my report. 

8/18 Friday(At Winrock drafting Lip) layouts for NBPGR to consider. First.
layout concept wil 1 follow their recmests for buildings as Per nube-s and
dimensions and allow for sciiie future expansion and attenlpt to minimize the 
length of cove-ed path needed while allc*jinq sufficient space between 
building, for ir ntakes/exh-uss s'ii needed and ircaintenance. Noon i-eturn 
Winrocok via USAT.) f inish upInd anTade design info 	complet'ed to date. 

Pi 	 nd2:30 	go to 1ai t iri el)riooi.ag his thlp on the armet ,data and- .
evarorative cooling pot,ential for Delhi. Shif L to N3PGR ard go over­
proglress to date. Di-s7cover that, I 'm:isude.r.lt.ood part of the requeiement,
Ic',,elV that the chacu'L.s I.a,.rt-neoust, be s-aled and kept- under a 

,ineLive pre~.V:Ug vi di scvii-cice Ui ,rtocih a I-1FPA f i 1ter to avoid any possible
e-l-eSs of fIl'lgqj Or- baCteI-i.-! (I m:issed this point earlier havinq thought
discutsS'ron of screenine fr( tlCe':-,t virters and reed to fi× up. i-such chanbers
bui 11 la] readv b..t. n i-ffturI ; nrI c.ive,1ed 1.41 lo.ci d i,.I_) Of ter .I "--.js,.ons
-is u:iear hicih I e.vel ':. o'ro.ta iiii ;atat -i 	 areall i1il.e, ex()pf iowal sug-h. 

8/19 t6:00 rim lea-ve ('P) cct iij iwIth Ra,:mi -At'h anld (Alex drivi i-n. Pirr ive
act,:,li l-7x v ,
tiliei e 2: ;I;. W i i j.r: l'~.i oriVPa iC)rl.: wav i'n wi-iCh evo lv11h e 	 we 

unitL. 	 for plant propaga.tl-ion, virus indlexing: and qua.)rantine tind the,
individual quarantine citr.ritenLs each have indepenient I-EPA -fil er.
evacmation. (As ut.teerd .ti-sL be coin-di1i ned these 7-zi ns csa.t beL,, air 
specified, noting €peitl-iini. Lenp rat .res at w ChipecsOiLt be miet. (AL
Delhi' thre is the pOssibili Ll' f uitiliziq"- the' central air 'oriditioni:ng 
sysLe,,s so only heat exc.'controls ]and iir handler.:,-iybe' needed(At Bhowal i no bio fII Wi tiq7. t rd AL tyderiibad and (Anians (AC iust be
provided. U, i,.: dea.ed tobe -able to also ze. the.e cabins 'as originally
designed. wi'th 'evaporadtive cxxcdinI and 60 iiritsh sot ey' cat be run,eenso 
with-ot L(WC: who~n bim'Lc ~etiF; no.t, nQ-.ded to c-:ave operi rri cBy,~F.puItI.tiIn up) a ~:i I ,.II (1:.: for6ii i tIh(-, 	 have toCt.-al a, :e;i ca buciIdh i ,I tIrij t ,wc,,wVjilla i	 i:i!;~t::l} i, aI [LetH e 

t r e ..ah '.fewh t,b t,k,it.",,rx 5V.:ia Ix.p..'to b n1( C' b(iii lyIn' vie-w o.1f potbentila Wn1' liiII su 	 hav e~'l di:cu ssnc)m'of 'What 
I abelIe cs c !-.1101 bro o~r":1 vi tT) fcn'- ' ccl.r11t-Jicii I ,,I IicV-. 	 *' 

http:el)riooi.ag


ventilation from end toeind Ai th p6is b1e consideration of evaporative­
cooling aVd perhaps some heating at BJ owali. The purpose is to giow plants
under- normal-seasonal-o~j:ti'Ons' i he- §Yil bu rtece ion net y
60 mesh screeniig Thics sc reen will not. allow enogi'ih light if used for a 

' roof so glass miiL be orl the roof. Therefore ventii.ation is. required to 
remove hea t build Lip c raL ventilatiol thil-Ogh sidew 'Ill. will iotL 

*Su-ffice. BIildiilq one "iiul Li _,n unit w:i be more practical than 
separated Lulni s. TeiiPoai-l-v inLernal sici eenrod rtrli Lions,: can be used as 
needet Ohcoali review overall scope of project ard discuss- the -types of 

greenhoLuse tIechnlogy being conLetiplatLed wi t.h Mr. K.J. Pant, head and P. J.
Joshi and K.S. Neqi Fi nd t1, de.iqr, iert. should be -2 C and not +t-2 CI! 
Af ter acireei.n in ieriel I I le ::.e o5Of ilheunr t.Ur eiwe'eiei.w possible.p
sit es. The ple ferred t r f I I le I. f1 -.I.a.1 rioi 11 is C L) nomi l 
15 i1 wide rFaj .Ily r 1a.1,1 i1 p vi tI a ,-jpe Io L itc ll,. There s a larcge rock 
oul C'(iop aI: i ,10 i111 iou i1 ,H)e(1 o t- r for a "0' xFIc-011 f -e L i oo 60)
sILICtuLIre f(:f pp, PiarLi: is prVi and . s this. bloc:, on sol closel 


-
t. t Ie f f icno: lvd Jway Fr, I;r() Ilei Li l I e bl.ociks-. ii th b t - .ot 
LI 1" 1;1.Liv i Ii ,. f(t I., .l IV) IIlrl r.!1 P Iwo F h Ii:, '.,wl d ,;li(Ai Id he 

'11 ijLI.di Ie )l 1L 1(t"r:d lot " l f? ,:row i Lo be( - I wi Ir i'r . .Ir iL . 9iOL Y. :II 
(which is. judc.ed to be ciood soi l for this purpose). Th lower. F block is 
JUst over 10' wide by 95 ' long and the scereerd lyue could be fit; in 
there. The upper block iD about 80' by ' ' and.-is therefore better SuLi ted' 
to a 60' by 60' screened hoLISo which :is aboUt the total area required. 'On 
lhat block tiere could be fu ture expansion of another 20' sect.ion. 

8/20 6:00 am to 2:30 pm travel tc. Delhi and ca*lc.ate heating and
venti laLtion requirements for the iw laYout conc:eived of during the.Fr!iday 
meetings arid this trip. -


8/21 lOlday A-tt, do in; L on iWi llrock orF ic:*( v new cvb gns b" sed on
 
recent clisc:uss:os. Make ies and dis,:,(:uss with LUSAID 
 Set ieetings for .
N0PP withl USOID and Mr. KuLI;Wr for Wed. am, West building et rards then 
return [C) Winrock tLo o.,;ilel.e prcl iii'ary layoutc-for desiyn. Mid pi tot.).PGP •hiNREGR and PiLan at.' ag erlqiiriilq. i.... .thJi. u::d ;-ub tn "
. . . .1-n , le l 'nlis!utbsL lltiali" objeotiorn,::,bjectior :.­
are- "a ,d~wi tI rel-l or ad ., 1t*, ",,~ eeo h.& ic~i lit 0 il $'pro;r
de.ire 1. .t.....I. .. .
.L- roof.r ....It ,s ,pointed .- tt 
tflat. theeitl nmd be ifltedto ''I1 Ol.w rroin tie other - types and tha 
t.l ierc3 "15 10.I. h(-d :r it,(.:C. 1 tL.... to he tilrlo(ilh Icovered waiI k.as I 
hI:d eal :ie" tl o ht.i i 1 le ,10 iLfe.If:laI'd to1 U ittlioj io: LIti Li zed the 
diF fereit-, Fai i ties. Worker-. I ,t.hi "screen" hous."es will be caa 
e,,p.oyees Ii.,ited L. '0day-_: e,-:merid thei efore i t is expeLed LIhat 
there con be LrCII,Id iiader teiv! ,dii C.ii.iuid dailm.ge yg1I i -!gas walls. I hi S

Swill no .be an.,,e iln I oie0t-her 3 types of facilities. 
There follows a e.)',<tiv:.njve W:IScatsi ionOf Kow t.()o slveV the proble: of

h.:Iving a ,Zcreened FaCol i 1Y 1:1SLIb.eJCOL to0 CurYrentyn rirs t:I-aints. der)d(.stoo.d cun 
Wire rei rIorcrd(-)Is Fowl Is I, J not; x ~a,s. iLj , Cl ass .(A

WINJO offnr as tLlriooua qIirII~t~ these,:-, fac.i i~;ae oo)Il~*ncctd a verypri'CILical1 .soluiodn wJOUId-ince t. ; beP doublepoly (.-)130'qrit with fo:r,:cdnot-0 can be El;I: I-o~ci HlereOJ]
ventilatihoi, postLb evap coolo"d and scre ed. It is felt, poly is. notn(-'p-ble. TI in is. a~ rrefeiern(c:c oi Fibet laL. o~ hI X~ e* 

conciern. -ir l i~ s.cal in ci al)I LiQir Irovjkilar edges [.o a level of cxontairw[IC:,VL;
con-zdsLc'nt. vi Lbh 60 me',h OIefnn1II, -skl. ed that Fibei q1a ,- rcxf and 

(2,CI(~1c '(i i wilt hon c'i:bI* 
,vl ( ,Ifql,11t Id 'A,.oHie aciLurlly- be . . . .....se~i0 c~i~~ii 


qui_ avliIie dtviskiCII '.ir2? iiCl oi1th o1i l w'r1 1 ro e01 C a i I mr.tL it 'i 41 LE.~ tL 
Lal a ' -l; { 

I 
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is possible that •..largle numbers of ample. requiring maximm c-.ontaiwnient can
required to be processed at :one time and it is neessary to be, ra~d~o,

hanleny eakload. Diticussa'on or th-e'ear lier request that we suggjest
modifications, to enable th 6 neily constLi Led. dible glass wall chamlbers 
to be Litilized as air conditioned cha ,ibeiswith [EPA filtered air exhaust
leads to the point that -it is felt that when the new building: comes up this 
work should be conducted in the new facilities.7:30p ii 	,eet wit.h Dr. 1A LtWava,: of' IDlo v- erican Hybrfd Seed C to . 
discuss 	his progress in estzblishing greenhouses, the potentials for­
involvement in the PC project and to introduce the concepts and progress' of
designing NBPGR facilities. Set meeting for- 8/22 @3:00 in inrock.
 
8/.2 Tuesday 8:00 ain to Winrock to start ref quring new plans based on
 

yesterdays discussions. 9:30 to USAID with BP then go to Mr. Kumar in West
building for" inpuls on proces and Le:hnical is ues. It is possible to go
to a local Indian ccnimarrv ror a Lur-i key contract. It,is potentiallyfeasible to utilize the central air- conJitioning system in the main

building in New Delhi for refrigerant for- the g-eenhouse complex. 12:30
 
return to Winrock to 
continue calou]ations. Locate Imeteorological date in
ASHRAE t-hat indicates wet bulb te.;peratures in Delhi exceeds about 28 -Cat 
least 5o of the ti.e. 

Working on sizinq AC units for quarantine charbers and virus indexing
chambers. Comparable re-ul ts obt.ained using AS-IPFYE rmethod and si..ipler
method in Pitam's Jordan and Priestier text. The AC requirenents in Delhi 
with an 	allowance of 20 - over calclations are:
 

8 tons for each interior .10 x 20' -quarantine chanter
 
10 tons for each corner 10' X 20' qurarantine chamiber
 

Note that the calculations are based on peak load withut alloa.nce for

saving due to internal screening system. Tfjs the total requirement for

the 10 co,,partmeents in Delhi is about 36 tons. SimilarlY, the 20' x-50' 
virus indexing section _ - ,-110 torrecJireuerit. Noteijhat the mjor

requ:irement is for tihe :olar- (,.1r71r1ihrctjih the roof ne,-Lr solar noon which.

works Ctil very close to 300 
 BIUlh per s:q fL: Hea t qai through interior 
w;11ls ar e aso,Ied overed by the 20-;, l ic c.. -. 	 . 

BP SrivaI,. and Ur. 

Hvbrid See,'d Co. Fos.-", or 


3:30 ,olieet; withll iva 	 Ma:ir-v:han (Ottavar of. ndo ()iierican
dou,,ion, is on) business and contractingiT

po:,ssib-LI i Lies. .tndo Aioericarr is i nte.Fr'sCed in biddinq' on a ooplete
project. Finish prel.fi, mnavry C analysi". 

8/23 Wc-dnes.-.day 1:30- meeit. wit.h RluiLt LI ;:idDr.J -yrawral on c:urrent 
state of ptanningy. St.ill lookirq for cost. and width of screen, agiet data 
and needs' for lighl.ing. On the issue of ne.ed for bacterioloicaly secre 
chaliber-s it is- felt all 10 o.st. be so ecquipped as the workload :cannot-. be 
controlled. 

8/24 Thurdav (At. Wirroolk oran, zinn mterials-pr(dued so -far -for trip to
Bangalore. .io1:00 to aj"i.rt, tai ive n r3:00 pro Indo (...rio.n 3:-50..

Tour nexw fai~ isat. 3; farr.ConsYtruLcteC-d. imC:e my last visit. TwoSlaqe ranqe.? and on g ' x '/L' double p....y -. t.n..are uip. , The larg
gut,ter c(onne rec ide Frfrme, bn. ; .n- asragei ' heet moetil;(cit-.LeS 
-It. Ikru(x' Rik. hi Lih Pt~I ITt tatI' (I t Ut) in fo(A 'Ft- (K r r 0 .i1 Y I ithet Cj Im co-(v,0tOne run iv-ccI*CJ FL L'ciz Wth_ i. rj1rejady LIffe:r'ing suj-face et aosnarnd d~cou toiafter le-a' th.,n orne Year. Alc not lar cie- tissue oulture
lab Lip andK i n t,ioeri ;.t d Ji-i c-,oF f i (-:/m Ic: 	 c~nlabcr atry~block 
uIP. h'C!VIW ~v 
 1 Ohq ir emon 1m,jnI m'nI a~it~d" Ie wi LI i1hdci ,Pmekicarl
I/ aff anid- f)(, Sl rp

11 s wor 1t dilnctr arnd uI t, homt Ivi?1 w U'i 	 1. AF t',e rm 

. 

-

-25% 

,........../ '+~i{51i i i 



------

oVer-vlew of al1 teLchnic--l req uiremienls aind our viewis on Iaymi Lz andapproaches and history -as to how te arrived at_,t:hese_poi.n tsnoCe_ the -- fol6ij hjijj & 7,for fur-ther' thcought. and checkin~i: 
-For heating consi~der electric in smal1l cirariiers and bottled gas for gas f ired haeswher e 1 apacity is higher? (check on degree days' and fuelcosts). It 
-Consider 'fiberc a rather than- glaLss for roof and exterio walls andno.te t~hat Indo (Niieric'an and D)on Sha- romily prefer -fiberclas over glassbased on their exper iehce andi feel th-at sealing between sheets and at endscan be done. Note sealing cracks at edges of glass is also critical. 

-Increase side wall fro(m 13' to 10' and go for one peak per 20',ratherthan t~he two: pea-ks Lnd( itx'Ld irn Venlo style ui s Both good ideas. 
- (Agrwee wit ~.n.LOf rt.Li ng screen:inci in-side pad systemai andi inside ..uSe than - u ; brath .side. o' i I..i v of uingi vel cro fasteninr 

on sCcen oirs o~i ir W~,j iI i L-y Or-.-VT us:-i nIWplatAic neKtti ncjr'a t.ier . a .lr1.~., 1ei**r.s:cc will be protctAd. from weaher
esprei;-A~ty UJV d(ir1 Ad1-A[L (-n i rv-. idc til 

and 
iie.. 

. Note that n, ... LP,-ed' f0.- he.qt t reatmihient a e fan Lo •...epa-]rattihe side. w i]. iF ii j" iC (D[r vnI~f1 I:I a . Lnt 4C) C; js innjin c:irc::ulation ............. to 
 e d i,. 01.ed. ir- for hi Os ar-ler will be oeawnd from io -e* walkway tLhro.ih• , t- L-Axt ht- _=aide panel screen norially running air. C1.P e s:lp d _v l nan l s d .: :. . Ie n ni -c the other way. 

8/25 -riday Worki b f arid nd-i K.*rnirrj in ht-ca-te1 : o In.Y, desii ndetaildon lsenr iker ­ ift Lto-Iu .- uerican. Ra r r reading( t.e aiththe article in l onMarch Grower alks control of Thrips wi-th E.creens notes
that perhaps 40 riesh rat-her t-l-vn 60 mesh screen will be acceptable.)Regardiyq shadin levels i It is: aeed tthe LS system is to be pre Fer* hatnhavfwored and sste0s is oir.epedeentdeirable atalocations exept. oni I wil0 Uieif I ine h-t e to. le. .wIr.axilum heat sress ratl tha l,.icett;i.o''(Kjbact,/E.v-5 i. (]i.n' oeriiei is, rcw:)r b:11(1 [la. k(In real~ -,lr d tiii'i p t.' r Iheg r otir vAi~noro vecieteablebeir ri , IlI deLsi In.so i i,1,',oTio r (.)dn. or ,otrlId r r'.'lenl YC' s-ad Thet - ,,t . tqt.on -c ...s tht • ud t ,h1 i r if. double "/EC r Uld at t Leotherlocat.ion. one be ,; aOd tLI other 45". anual drives shcud be used in
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poly in fLitui-e years. Therefore all houses uisist, be, inpor ted Fiberglas..The concept of tapping ifLo the buildings A-C syseii* can be looked into butthe idea is that the greenoises should be idependent and far off. (Theequiirement fori insect proof pa.sa.eway from lab to greenhouses presents a
problem.) 

/7 Su day_ A O71, 9
 
Finish first draft 
or report. on reurirents: for facility and data gatheredfrmf N8PGR. Note tIhe sipplemienLary agmet data, data on cost, widthavailabili ty and actual mesh count, and open area of local screen not vetavailable.. Also to be resolved lth-e lighting re:Auiremen ts and the actual
requirem;ent for- bacteriologicaly secure xwipartments. 

8/28 Monday 8:00 am working on lavouts of t1he, various greenhouse groupingsand preparing rough sitle plans. Sketches of flor-plans, bench layouts.,elevations, airr circajlation layouts, elevation views and corridorarrangements. Midday review progress with USAID and pick up drive f or WANGlaptop. 13:00 pil to 10:30 meet with BP, Don Sharp and Manmiohan (Ottavar atHyatt to review desicns asenvisioned to date. Del]ver draft of sketchesand RESPONSES TO REC1.ESTS FOR DAT. FR.. NRR THROLC-I N-GUST 27 to BP forUS(AID review with sugges tion that will be essentially in the final report
pendingj idnputs, or corrections from US(ID or NA3PGR. 

8/29 .uesday 8:00 anli thlrouIgh 10:(X) piii working on recal,-ilating the fan andheating system req&"uiremlenLs for the 1t component systeris aid developing
tables of requireinents and si-cjested eqipment to use. Coplete fan andheater calculations andl erummeration. Meet o:ver noon houir with US(YrD. 

8/30 Wednesday
Most of day typing Lp siubs Lant-iye draft. of technioal recoriienda'ions whichis es]enial 21y done Ie' s inr c, sumiary It

work on tables and 


and ii.on L there cari bei ore 
et-c of mlore and irmore det.ails. Need to find out more 

definitively what is needed. 

8/31... Th.rsay 4 work .n . r d. , ift rep)rt copied and prepared forCiirculalion. Le' Wo drait:. witLi Wi lUOk, USO\[ arid NIPGR .for I-eview with therequest .hat npu t.be i-re ived: y Friday noon if possible. Set imieetings to ,
review witLh USAID on Fri and then go to NOPGR-.Rev'iew progress withRairinath, and check with Pit ivC:indri a' on his reukiiLs. His technician
fricasured the screen and fo0.mnd it to be 60 mesh with .15 iimri diamieter:wire.The Z8% open area is based on t hi. :".:
 

Go. over the problem f .trn the 
 two co;nt.aJ niient uni ts undernld,ons:rLlr ic.iJoncgive miy rc'O,(:,ici dal Ion, [.o Raiiri:ttlh and Pltam on how toproceped to. mi,.Ligate Le piOble.ii A i5CV reflective ":urtain ldwouldhelpreduce Lhe load:i ng on tIe -_; uni ..Ti AO. eq .( iz eatLiii ttedat,abckit 8L'o. s under peOk .o i I n Th1 C f iI itredexhauJt systais arei.ledeci and it. ,tppear-s.i.niy 0of I Iic I;J pane:- ire yet, -fully ealed and.it
that needs Lo be done. I. i g e t'it al:I -could be conducted in one far- end cha:ilbor by addil-K the eXistih-Y AC LinJLt- one at a time to verifythe actual cooling cagpicyi Lv rieeded under boai]i conaitions. This is a
simple step invoviI Iina L I iry-i lhe Lii Ls thtare thlere ore at. a
hm 
 tile . 

9/ 1 Fr-iday 8:00 am Wini oak wil i tim things Lip. 9:00 amr review rf)PGR repor twi H1 tJS(MTD and Wi nrook ti lIyL Hr. djrla fl rCmoCI7t, wh ich ti, been 
jI IF LO j",I.explanationi. is to why cilnedtor qre 1m. Ide schouldI;I be expanded upon 1Tfor.:,iclaritI.y. Mn-J.c:6 l i e !e 

I d foi on the need to, pi iptI e7r the Id I V :, ,.Iabdo]LeL .'I .I II I I 
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SUPER WINDMASTER PERFORMANCE
 
PERFORMANCE TABLE FOR MODEL DC (STEEL)
 

Certified 

FAN FAN 	 .... CFM vs. Static Pressure CERT. SHIP...............
SIZE MODEL HP 	 MAX.RPM 0". 05" 	 WT..10" .125" .150" MHP' 
0C24E Y 622 5300 4900 4500 4200 3900 255 80DC24F 'h24" DC24G 735 6200 6000 5700 5500 5300 419Y2 820 7000 6700 	 866500 6300 6100 578 880C24H . 949 8100 7800 7600 7500 7400occi7 DC3F 1/h 	

889 93529 8500 8000 7400 7000 6600 415 96C199110// DC30G ' 607 9700 9300 8800 8600 8300 626 10030" DC30H . 686 11000 10600 10200 10000 9800 899 105 
or DC36F V/3 431 10300 9600 8800 
 8300 7700 386 106
DC36G 
 'A 495 11800 11200 10600 10200 9800 574 110
36" DC36H . 575 13700 13200 
 12700 12400 12100 
 882 115
DC36J 1 634 15000 14600 14200 14000 13700 I 169 125JLA42G Y; 385 14000 13600 12500 11800 
 11100 591
DC42H Y. 	 157
442 16600 
 15900 15000 14500 14000 
 876 162
42" DC42J 
 1 485 18200 17500 
 16800 16300 16000 
 1145 165
DC48G V, 308 17500 
 16200 14700 13700 12200 
 608
DC4811 X 	 205354 20100 19000 17800 17100 16200 210
891
48" DC48J 
 1 382 21700 20700 
 19600 19000 18300 
 1 110 220
DC54J 1 311 25100 24000 22000
22900 20900 1 143 247
54" DC54K 1.A 3.34 	 127700 26800 
 25800 25200 24400 I 541 255
 

Performances shown are for units without ducts '01-1P does not include drive losses..Certified Sound Ratings for DC Models shown in Catalog S2C 0 
PERFORMANCE TABLE FOR MODEL DCA (ALUMINUM) 

Certified
 
FAN FAN CFM vs. 
Static Prossure CERT. SHIP.FAN FANMAX.SIZE MODEL HP RPM 	 WT.0"' .05", .10", .125" B1HP'DCA24E Y. 622 4900 4600 4200 3900 29 78 
24" DCA24F '1, 735DCA24G 	 5800 5550 5250
VS 820 6500 	 5050 486300 6100 5950 83
67
demcO - - DCA24H 	 / 8Y. 949 7400 7200 7000 6900 99 94
Rminoo DCA30F /i 529 8200 7700 720 6900 37 92I DCA30G Y, 607 9400 9000 8600 8300AR 30" 0CA03oH Y. 	 97686 10600 10300 9900 9800 

71 
1021 04DCA3bF 11 431 10000 9300 8600 8000DCA36G 'A 	 39 106
495 11600 11100 
 10500 10100 
 60 111y. 575 13300o, 	 12800 12200 11900 88 117DCA36J 1 634 14600 14200 13800 13600 117 123 

DCA42G Yr 385 14700 13600 12500 11800 12267DCA42H . 442 16700 I 15900 15200 14700 95 127
42" DCA42J 
 1 
 485 18300 17600 
 17000 16600 
 122 134
DCA48G Yr 
 308 17500 16200 14500 13400 62 158
48" DCA48H 
 Y. 354 19800 18800 17600 16800 91 163
DCA48J 
 10 382 21400 20500 195G0 
 1800 
 1 12 169

Performances shown are for units without ducts *BtIP does not include drive tosses 

MOTOR NOTES: 
1.All single speed single phase motors are dual volt- tALB llI 11.IAI II(ti l-011 Atli ANDJU 1J)NDage (115/230) except Y horsepower.
2. 	All Y4horsepower single phase motors 

/ Acme Engineering and Manofacluring Corporation cer­are single I,-w.,' v a 1 o 0 Skyniaster Model EC.tities that the Super Wtndmisfer Models DCvoltage (115 or 230). 	 Master.Ex and OCAModel DDA. Dynq.masler Models FO and FN and Cenlrimaster Model PW3. Two speed motors are single voltage (115 or 230) 	
lam" 

and 	 shown herein are licensed to bear the AMCA seal onnot available in 1 horsepower and 11' horse- Air Polormance Models DC. EC, DDA, FO. FN and PWpower 
forntnce-ire also licensed 1o bear the AMCA seal on Sound Per.4. Maximum capacily of Iwo speed ! 	

hlieratings shown areand -. HP models 	 bised on tests madein acco dance wlh AiACA Standaid 2 t0 and 300 and comply wilh the require­is approximately ten percent less than shown on nrents of the AMCA Ccrified itaings Procjrantables 

5 Low Speed capac tIly 	

Soiiiid rtirr1js elre (laiired iii aic(coliiiriLe witfi AMCA Slandard 300 lest sul.of Iwo speed rtls is aiproxlt ip Ito 4 1ourit's!, valtios in !.oiius atmalely one halt of trtdxilitlill 	 a iisti c(Of 5 leel woere calculated 
il iccordince with AMCA Sti(Jartd 30l Sound ratirnls on models above are6. All three phase IoTots ate tiple voltage (200U 230/ sho,.n in the Iollowini catriogs460) Model DC in calalog(; $2C. Model EC in cala­
i,ntl S30 todlr s r O/FJ in callog S4 arfid Modhl PW in calalog SI 3C ModelODA sound falings showr in pertormanct chal on page 7 of this catalog.I hese lars aiu t IrvstuJ by lit Irn ihtlin Sl ii A'nda .ii .. ......................
hon Tusling Lat lrltrr ;isapptiroivid 

t' 
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Master-Ex
Each Master-Ex is a complete unit, including uniquehigh performance discharTe housing, guards, high ef-

The energy efficient design, relatively trouble-freedirect drive style andficiency motor, quiet blade and optional shutter. All ease of installation makeMASTER-EXcomponents are shipped as apackage ready for quick 
ideal for the modern horticultural 

and easy installation. Optional shutter must industry.
be or-dered separately. 6" 

C 

MASTER-EX.. AIR AND SOUND PERFORMANCE 
STAINLESS STEEL 

000" SP 050_S P 
 100"S P 125"S P 
FAN Nominal BLADE CM ipMODEL HP RPM DIA CFM lip CFM [Blip CrmVOLTCIM/WaII SONESCFM/Waill ONES CIM/WJII BlipSONES CIM'Wji1 SONES 

ODS1211 1/I015120800 120-1 i) I20 192F--1 


T)DS18t41/4 1100 18. 1150, 4140 I 28 4000 29l)/6 08 
2 ''15o 
 10 
 3 6780
s 112 31/231 202 166I0 26 96 2?2130 710068 28 T54 2--
Dalalisltd is as tunpeiloiniance -- 11PMshown is nominal and peiloimance is based on
Sialings
ale based on151s wilh shullel housiig.ndguaids inplace 

Al ilnltiurn SpeledheVadableC
Ws!ed
A ln Ciedles velylillle slalic pfIiessoi
inIhebuilding IhecIoieoIhelowspeed p'llmanc is listed SPal 000" 

IiIDynoMasterEf 


1120- I195* 10807 -2-I11 195* 

The corrosion resistant plastic fan 
A Eli-ADE ASSEMBILY BUILT TO LAST..
Dynamasler EX blades are Tiade of polypropylene for added resiliency.

durable strength and a consistent shape and angle

The glass-reinforced nylon hbillis iaclory-slolled for lire hest andmost ellicienit bladhro ienTlatlon arid features an aloirlurL hub core

altached firmly to Ilia shall

AN) AN ENEIGY EFFICIENT MOTOR


Ilia ruged Dynarirasler EX split capacitor motor adds Ilir 
 advanage

of direct-drive design to lhe reliabrlily ol sealed arid perrnanenly
hrihricaled bail bearinejs 
 Molors operale well atlow lemperalures 


Itibicaed allbearosotos oerat wel a lo lemeramesand are equipped with lhermal overload for low line vollage prolection 
arid aulomalic reslart after cooling 

A DOLI3LE-DULTY INLET GUJARDThe Dynamaster EX irlel quard does two jobs at once its PVC-coated rmelal conslriuclion resisls corrosion, and its 8-point connectiondesign serves as a sturdy rotor mount and speeds field inslallalionSo simple, yel so functional 1o maintain rnotor position, guard lheimpeller and lock in an ellicienil blade/orilice ratio The design evenallows lout-screw mounling oil inside walls, withoul renoving guard 
or motor 

NOMINAL P~lOt. 00'' 
FAN MODEL I IIPM DIA VOLTolp CFM 

FC13121.1 I 115 12 25 230 .11 3FCP 181, /,, 1(125 1825 2301 2 (ii
If;25 It2 ! 2.10 

C'2,1C,4 16115 2.1 5 230 I,.li5 


VARIABLE tSPEDIMENSIONS INSTALLATION 

I-_---i8 211I1%-2.. 
 .. 
 .
 .. 

3850 I 30 3780 31 30i
6150 39 6300 3_, 81 21J 

4- 130 89 1' "2124 - 36 1 2040 119 2 
aClnl speed oflest "VIATIS AMCA Scal does no 

000" SP SHIPPING FAN AMIN CFM WEIGHT SIZE WIDTH 

60 

apply
IoCFM/Wall lalings
Peiloiances shown arer unls wilhoul ducts 

( 

B C
HEIGHT DEPTH 

0.. 1 .
 

8.1 3, 
I 2/,," I 34" /

35'/,," 34" 

A STLURIDY, ONE PIECE FAN DAMPER 
The ABS plastic fan damper resisis drafls and lights corrosion: itsatlached by nylon hinges and bolls, and an optional oullel guard Isavailable foeasy shde-in insallaion
aaitl o aySleIlisallo 

adIli ABS piasi ic houasinlg works with ihe door.. ii resists crackingsplinle asingin temperature exlremes .
 

WEATIHER HOOD 
High densily polyelhylene weather 
hood wilh JV inhibitors has out-turned 
Ilanges for easy mounling to oulside 
wall Flood should be used where high
winds could inlerfere with damper 
operation 

PEIFORMANCE VS.SP (IN WG) 
05" " .10 

'
 
- J , 

.125 
CFM BILE CM Blip CFM BHP 

06ii 1:310 071(1? 1225 066 I110 r1(ill!,, ) -1.11 19, 2210 (!) i2( O 1()0
'111 1 I)() 31 30 10 :1 38/5 377 

55E I,.1(5 !5 6105 555 5910 555
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ACME'S KOOL-CELhceEVAPORATIVE COOLING
 
® 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
feet. The pad area divided by the length will deter­
mine the pad height in feet.Total Summer Cooling.. - Total pad area, sq. It.= Required_CFM 

- Velocity(2 o-4"400-6") 

PVAPORATIV COOLING PAD EFFICIENCY
 

fow' .,.. 
. . . 

b<eo to--- mak-8"-a-d96"----pds hcl 

Kool-Cel on Greenhouse ht 

Kool-Cel Pads c ,,0.2 
KooI-Cel pads ae celllsr 
 cooling cells 4" and 06" deep, 12" wide arid available in12" increments

frop 24" to 72" fallwith two pieces of 4" com-
 U
bAned o make 84" ----­ad 96" all pads. Ther cooling4ar 
cells ate made from aspecially formulaed cellulose
most ienc csthnoe aitio tKol-e 
designed with an exclusive cross-fluted configurE-c
lion w hich induces highly lurbUlent m ixing inside W 0. e o o 

butes to he evapotalive
design makes Kool-Cel a strong self-supporting pad cc0-Mer hfhiciencyvhepcvoss-fhlved 

wiLh high evaporaFive efficiency aAd low pressure 
 IRoreSANC 

A face velocity of 250 feet per ninute for 4n aprd

400 feet per minute for 6" isrecommended for tle
most economical cost arid operation of tile Kool-Cel 

fmc 

system1. 
0 IOU 200 50037o40 
 0
 

*.LOGCOOLING 
 YAD
FACE VELOCITY- FTpMIN. 
C-e4"
 

KOOL-CEL* SYSTEM
 

Pad Covet .,
2x4 ~p 
 itachieves HIGH EFFICIENCY COOLING ­higher evaporative 9lliciency.Exclusiveflute configuration
 
+I ' 
 LOW AIR FLOW RESISTANCE - Lower slalic pressure for highier 

S fan performance. 

S et~lt lrPVC PipeIS04bulo" I {{ ECONOMICAL -4 deep wilh6" performance.•LONG LASTING - Years of use willh proper cite. 
K001c01® 
 " 
 S4TAI N 1/J.ESS ST EEL or ALULM INUM wa Ier dislribulion arid return 

2 4 -'--- !+ 
 •COMPILE1ELY FABRIICATED -Ready2 ottom for installation and
 
Stringer 
 3 s (il 

PAT NO ,03 .18 
PAT NO4,031180 
 •COM PI.E I E SYS I EM - All compronmil. including plurnbing avail­

.s l i p o l Br c k e110 111 Mi lera b le -- ju !-la dd s unlp hla nk , c ov er a n dila n k i l lin g -,. 
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K0oo-Cul ist ibution & Return System
I lie 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 / lbs. 4" (4 lbs. - 6") per square foot and,

therefore, should be adequately reinforced and sup-

ported. 


Pad Care
 
Kool-Cel pads are very durable and long lasting. To

maximize the life of your pads and keep the efficiency

of tile original installation, correct any conditions that 

may be detrimental to the pad. 

A.Ph of recirculating water (from Sump)must be main-

tained between 6 and 9 (7 is pure water). 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 deposits
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 inmake-up water. 

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 

Aluminum System 4"
 
The aluminum system utilizes quick snap together

components for easy installation using a rinimum
 
of hardware. The heavy extruded gutter and5 upport
 
are designed to support the pads and carry the water
 
tern. The aluminum top cover is made in two pieces
back to a sump with capacities for an 8' x 100' sys­

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
tern while providing strength and ease of installation.
 
All components and hardware are stainless steel
 
or 	PVC.
 

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. 

3. 	Keep the fans running alter the pump is shut off 
to 	dry the pads, hus killing the algae spores left 
on the pad. 

S 4.Isolate the water make-up system from any othersystem.
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 

No. 30 and No. 60 	 These pumps are submersi­
ble type with cast iron hous-
These pumps are heavy duty 	 ing, polypropylene base andcentrifugal, self-priming type 	 polycarbonate cover. Theyfeaturing high volume and include a lifetime oil supply 	 '. ' low head pressure perfor- and non-clog pumping head Wmance. and impeller. 

SYSTEM 	 .,o,,CAPACITY LENGTH The plumbing 	package is designed for useMODEL TYPE t.P. VOLTAGE AT 10' HEAD - -----P .P.,VLAEA.0.E 	 _ with all the pumps for the Kool-Cel systemsand includes the necessary plumbing fittings
t130 Cenlilfugal '/3 115/230/1 '12 GPM 70' 55' arid valve'to complete the installation from 
t160 Cenrilhigal /h 115/230/12 55 6PM 100b'~8 7 the sump to the distributor and, also, contains 
5S Submersitle I 115/1 " "2 ..- the waler slrainer and float valve. ......... ....... 115/1 . .
 ....... 
 .
 .... .. 
... .. .
 The sump tank, cover and tank fittings are1130S Submersible '/3 115/1 12 GPM 70' 55' furnished by others and should be sized to 

1160S Submersible /2 
...

115/1 63 GPM 100' 80'______ -..... ... .......... ... . . . provide 3,gallon per square foot of 4" padarea and I gallon per square foot of 6"The pumps should be sized to provide Y gallon per minule for2 	 4" and ",gallon pad area. 
per minute for 6" of flow per linear loot of pad to insure adequate welling 
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GREENHOUSE HEATING/VENTILATING UNITS 
GAS-FIRED UNIT HEATERS STEAM/HOT WATER UNIT HEATERS 

PROPELLER MODEL PA BLOWER MODEL BA HORIZONTAL MODEL 115 VERTICAL MODEL VGas-lired umn healers are available for greenhotise heating with Where a steam plant is available for soil sterilization. steam/hol
natural or propane gas Boih propeller types (Models PA) and blower water unit healtrsgaeiotu will be thte mosthealing omizonl econotmical choiceand vertical air delivery types ie fortypes (Models IA) have A G A of­(Amerlcan Gas Association) and fered to sult all applications Cannot be connectedC G A (Canadian cas Association) design certilicaion Propeller 

to ductwork or 
fIytube s (Modi e Catalog 1150)
models are for installation within the area to be heated and cannot be


used to distribute air through polytubes or ducwork 
 Blower models
can be attached to pulytube or ductwork arid will operate eflicienly 
 aS , CIM , S.t.0against static resistances as high , .V,as 0 4" w c Accessory polylubetransitions for %*&Isse.'l /blower models are available from Modine (Modine :ts I1 t,1) 
N1) iMcp-,. 1 l ,Int 000 19 V 42 950 42 (X) 43catalogs L6-150 and 10-204) tt5 4 i) 24(x0 22tS 3 6 1) v 59 1 55 59(K) 4733 (X) 36 V 701 t590 78 (XX) 52

::5, 17 730) 47 (XX) 42 v 95 t 665 95 (XX) 5511563 t 120 63(X ) 53 - V 139 2(- 139(0)0B.'VA, <A',, 70*r/IIt tIS f6'.IMr 0 70. V, Temp. V ,*#lseSbIp. W. I. t 104) 
t 3110 1 0 ()0 55 V 1611 1 29,15 161O201 OI01(000 0V t91 3500 19) 000 t007 

P, VA * Its 121 t 775 121 (X) 112 V212 3610 2120(X) 112 
30 30000 4 I____I , . .tO- 60 --. 165 3 240 165 O(X) 10450 151258 V 247 48020 t1Itts19 42900560 193(X)O 247 00X)258 00050 5001()4 17310 V279 5460675 617 1 ) V 333 279000 12755 60o 72 59110t t 333 00075 15 2 0 4 590 2 K)o0 13 18575 (XXI I55 9225 65 I 97 v 3115 76110 3115000 189112 Its 34) 5 120 340 (XX)lO5 5 10(1)0 140)0 131)0 60 60 16 

210 V 500 o YK) 500000 236 
130 13 0 ( )0 1 25 ( 1 

1'S6 
V6IO 11.750 610000 37160 ) 156 2 110 2 I' dStr e m Om 60r * m rlg Ottt 1 Ir

ISO IS5)000) 19() 111,0
175 175 (XX 

51 60 t 5(6 21t
25,10 210

204) 200(O)) 
6.0 4) 1,61 22?

2'ixk) 2411 t.100 (UNIT225 22,5 , ") 2X ) / 2,,,(1 
It)1 22260 (d 22? :. ELECTRIC UNIT HEATERS2511 25 tXX( 42;5 311611 46 60l ?2)) 101).
3001 300 (X) '12715 37(0) 5)
350 3)0 )0 4,1(x) 120 60) 26) 18) 60 12 4 1

400X 40). 5 Cannot be. ... :JX). i0.) ,1910 60 [4 I . 11]. 4Ott 2connected24 
to 

'Btased, O| (0 emie0glcIs1ahc l wphou,,,owt r uwel ,(IosmC Ictnurt 
ductwork or 

OIL-FIRED UNIT HEATERS polytobes.ou 
Modine oil-fired unit heaters have HORIZONTAL MODEL iE VERTICAL MODEL VEa direct-driven propeller fan to
provide eflective heat throw wtth 
automatic operation [ey cannot 

Md., 
-Val50 s0 17065 530 00 29 1t 52 39be installed and operaled with 75 7 5 25 597 530 DOC) 43 25 52 39dirctl conce10oyueortX

dietycnetdpllb 0o 34 130 030 9410 41ductwork All models r125 12 5 42660 36 66 43are pre. 830 50150 150 51 66195 030 1340 60 39 66 43wire. lire-tested and U L. listed 200 200 8 260 13) 1600wrd ietseardU.litd250 52 42 109 

F-
for fuel oil grades No I or 2 300 250 115 325 1300 

43 
300 102 390 16X) 65 542575 109 6934 122

(Modilne catallot' "I1I 10) 4Il10 4(1( 136 520!, ., , , 2575 45706"0 2',75 12256 122
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Equipment Controls: 
ACME'S G WIIT%.19l AUTOMATICALLY PROVIDES
CONTROL OF GREENHOUSE TEMPERATURE,
HUMIDITY AND CIRCULATION DURING EVERY 
SEASON OF THE YEAR USING MINIMUM ENERGY 

NOW FIELD PROGRAMMABLE!! 

i-' *- -STANDARD 

cONrrlo.Pe,,,,i,,(l
Pa, i,,, [111_2,1,:,_,,,11 C,ISTAGES 

GFIOTRiON . :; - ". 


SEQUENCE CHART "0-90% 

., Ilva.ii,;-, i .... 

i'-in.. iavtanlvioen -

.;i 
. " -i1,1l - "e -,p,.iJ, e Conirol 
E hw~ liaciino, I 

1 ifl00"I, ;,-- ! ,caSo2 -,OliiIrl Ove arongI oe111,"t:' idi ica loo n 

Pai W.1'11 ,rg,"1 v .,e -- ..e ni c,o i 

REMOTE SENSOR ­ allows the Grotron to be installed in 
an office or a secure work area for easy monitoring and less 
tamper ing 
SOLID STATE - printed circuils eliminate internal wires hat 
can loosen and cause shorls 
24 VOLT CONTROL - safe. low cost wiring 
12 TERMINALS - 12 separate equipment futctions 
8 STAGES - 2 heat. 4 cool. I citcuilation a rid dleltilili-
callon Eclipmerit activity follows the gradual rise arid fallinl teTprer atlire andtiburitlity in ilie greenhouse 
STAGE ADJUSTMENTS - each stage adjitslable to 15F
from set point for flexibility 
BUILT-IN HYSTERISIS - 1 F lifferertial between on and
off switlching prevenls cycling of equipment 
INDICATOR LIGHTS - Identify slage activity 
SEPARATE HEAT/COOL DIALS - set point range is flex-ible and determined by tlie grower in the spread between 
the heal and cool dials 

SEPARATE DAY/NIGHT HEAT DIALS 
- pholocell auto-
rimically switches heat control between (lay anid nighl set-
ings when Photosynhesis starts and stops Cooling controlis not atfected and, Iherefore. tIere is no need for nighl 

cooling lockout 

NIGHT MODE
to th l, l~ -a lighlselling iridcateswlhen Iheconlriol ischanged 

ERRlOR LIGHT -- indicatels that te heat dials are set abovehIim cool dial selling or lie cool dial is set below tle heaI 
settin 

See Cal C'16 for additiortal ir)o rtiatiori 

EQUIPMENT 
FURNISHED WITH~r t M 

I lumidistal 

R 1 

100 VA class 2. 

1 15 VAC - Primary. M 

25 Vac ­
secondary 

] h e pr ,l ,;I -

Te n peralure 

se risof 

Day/Nighl 

Conlrol 

ACCESSORIES: 

GROTRON
 
SECURITY 
ENCLOSURE
 
Protects your seltlingsagaint
 
IMl)r.(riiq by uriariilhorized
p(?rSollflel I.hlFo fIQ 
 I 
 "
 

t;rtch ant Imflock whnoA nlljst M 
inis llptJ a 8. "-eenhouse 

ASPIRATED 
THRITE~THERMISTER 
24 Vac -use 
when rio air 
cliculahion is 
provided by 
FanJel or 
olher nmeans 

It o o VAPORVAOENS SENSOR 
CAPSULE WIRE
 

tprotrcivr[: ,ilrn vapol Sperial 13 2 twised pair 
c101rii )r,;lyt one yPirr 
 willhi cko (0o nol use
A A Ii islos Cii1otini regujilar2 wirl? tor111tiri1llhlti r'irln rl;,r, ;nr'hoir r inlltI 
 e 


.. 
 I_,J
) 



Team F"
 
A MECHANICAL CONTROLLERWHC
 
AUTOMATICALLY TURNS ALL NECESSARY
 
EQUIPMENT 
ON OR OFF AT THE PROPER
 
TIME AND IN THE PROPER SEQUENCE
 

'Total Environment Air Manager 

•One Heat Stage CON,.OL STAGES
i One Circulation Stage 
*Three Ventilation and Evaporative Cooling 

TEAM I SEQUENCE CHART . I. 

_, .
Stages. 
) ,, ...,,,,...., ,,
•H ur id ify C o n ro l 

i 24 Volt Control Circuit or ..,I ,, ­
a Installs In Greenhouse ,-11p,,,, IIv.,Opouii Opoinulln ol:q pl|nlatll
i,1'IlltJ vl ­*Approximately 30F Between Stages 

Tu-npoiiti ocun,,ol,,, F.., s.,-O 
F.111i Shlt~, ---- ~- Equipmon Oporaling 

The TEAM I is a mechanical sequencer, not E-hi ,1 -
2 Foi Dohutmidgigcaiion 

-... IEOoinonli Oil
adjustable, having a single temperature dial ilIfi;, 011-1.,
TEAM I cannot be remotely located from Ihe ,,,;.,

greenhouse. 

FIXED BULB 
TH RM ST T DISCONNECT SWITCHI .Range 300 - 1000 F * Capacity - I ,HP
; 115/230/1/60 single stage -
SPD" 115/230/ - '/ lP D1 on-oil* Iwo stage - utilizes 2-SPDT switches ­ auto position
3' dilferential. 

RELAYS Available incoil voltagesRELAYSeo 24, 115 and 230 and 

I 
contact ratings up to 230 
volt (24 volt coil load 
is 6 0 va). Contacts 

TWO-SPEED SWITCH to 1Y2FIu 

115/230/1 - 1 1 liP SPOT Withi high.
oil. low position. 

24 volt relays required wilh Grotron and Team 1 

TRANSFORMER

HUMIDISTAT 15 Vprimary, 24V secondaryI IOOVA; class 2
 
Range 10-90% R H - SPDT - 3 wire 
 (included in Grolron and125 VA 120/240 VA C Pilot duty only Team 1 controllers.) 

230V primary also available. 

SPEED CONTROLS 
*Var iabll(?eod~r control - - I 15V or 230VnTIMER , ' F(nioXii!,lwith M;=e;litr- Ix. IlyrlianiasIur.r

For dultlimidltyirng by ifU in CunivsteM115V or 230V Capacity I!,HP SPS 1. I 
100 and 110 only

Iwo speed switch for manual control of0 rnminutle cycle reupealing Iwo speUo(d all!; 

E iiriiiivvrur oi. v ti,pi 11 - ­



It goes without saying that it is impossible that the total flux oulpul of the 
filling is completely used for the crops. A part is lost by obstacles like 
columns, pipes. etc. 
That part of the light flux that really reaches the working plane is called the 
utilization factor. Under normal conditions utilization laclorE of 76% are 
easily obtained by PL-830 fittings. 

, 

4.3.9. Conversion set PL-830 
The typical cuo]slruction of the PL-830 filting permits the use of the reflector 
with built-in socket to be used as an independent unit. 
Obsolete fittings, of any make, of which the control gear is still in good
working order, can be made up to date with the conversion set. 
A much higher ligh; output, better uniformity and reduced mounting height 
will be obtained. 

Side viow of fitting PL-830. 

4.3.10. Application PL-830 
The fitting PL-830 is used in those situation ,here only reduced mounting
height is available, as is the case in multilayer culture systems. The lay-out
of the filting has to be chosen carefully. A number of often encountered 
situations is given in the table below. 

Movab .vesion of lfing PL-830. 

Application table PL-830/N 400, with anet output of 37.000 lumen per litting 

light square support rail fitting mounting 
level rn per distance distance height
in lux iltling in ni in M in mT 

2000 
2500 
3000 
3500 
4000 

18.5 
14,8 
12.4 
10.6 
9,25 

6.70 
6.00 
5.50 
5,00 
4,75 

2,76 
2.45 
2.25 
2.10 
1.95 

1.52 
1,36 
1.25 
1.15 
1.05 

Of course other and quite different solutions are possible
In order to make a reasonably accurate estimaliOn of the fitting lay-oul, 
following "rule of the Ihumb" may be used 
As long as the distance between the support rails lies between 3.6 arid 4,4 
times the mounting height arid the distance between the fittings on the 
si)port rail is riot over 1,6 tines the mounting height, a uniformity of over 
80% is assured 
Because the configuration of the PL-830 fittings has to be exactly 
determined, it is necessary to contact Pool Lichlenergie or your local 
dealer. The solutions rendered will always be based upon the principle of 
maximum uniformity at mninimum cost. 

Convulsion sot PL-830. 

4.3.11. PL-830 systems at work 
The PL-830 filling is suitable for nouinling in line as well as for individual 
(intihg 
hi the first case Ihe suippolIl rails are installed and the pre-prepa ed cables 
laid i Ihe cable groove ot Ihe rails 
The reflectors arid the ballast-units are "clicked" onto the rails wilh a single 
movement 
Connection of the cables isdune in the connect ionboxes. so the tiltig itself 
does riot have to be opened 
I the case of individual mounting, a piece of suplurl rail wilh a length of 
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LS SHADE AND HEAT RETENTION FABRICS
 
All growers face 
three control 
problems:1 I
rcationin 

1. Light
2. Temperature 
3.Humidity 

With LS fabrics and a Sharp's shade 
and heat retention system you can 
solve all three. 

SOLUTION NO. 1: Special LS screens 
allow the degree of shading to be 
varied from 20% to 99.9%. 

. ...-.
 

Screen composition can rangu from 
100% clear polyester to 100% pure
aluminum. A sample of LS 16 for 
example will have one strip of clear 
polyester and two strips of pure aluml-
num. This configuration in a closed 
position will provide 65%shading and 

SOLUTION NO. 2: [S screens oro com­
posed of polyester and aluminum 
woven in strips, When placed on the 
roof and housetront these screens vir­
tually eliminate temperature stroliflthe greenhouse aridresultlln 

" 

-

" 

increased productivity through the 
maintenance of constant tempera­turelevels.. 

SOLUTION NO. 3:1 Sfabrics are slightly 
perrmneoble so when they ore closed 
waler vapour can escape Yet by 
closing the curtains same water va­
pot will be trapped and the screens 
can be used to boost thur iidily during
waurn frost -freeperiods All IS fabrics 
are completely non-drip under nor­

oi . 

mat circumstances. 
.. 

This investment car 
pay for itself in as 
little as one /ear: 

Very high energy savings 

* Lower water consumption 

e Reduced risk of boiler stoppages 

* Less use of pesticides 

* Earlier crop production 

* Improved product quality 

- Long service life 

* Minimum need for while wash 

* Greenhouse enlargement does not 
automatically require Increased 
boiler capacity. 

FABRIC SHADE ENERGY AVI( NOTES 
LSI0 
 80% 45% 
[Sit 95% 70% 
[Si1I I 99 9% 75% 
LSi1+7 95% 75% 
[S13 

LS 14 40% 50% 

L 30-,0 50% 


about 60% energy savirgs. ,,=,,,rS 15 50% 4! 55% 

Their high degree of relection. great LS 16 65%," 60%flexibility, and low rnisi create very I S 17 75% 65% 

All crops day & night 
All crops day & nlghl 
Mums, Points, etc. 
Mums, etc. 
Hybiscus, Carnations 
Carnation, Roses 
Grbora, Cyclamon 

Fresia, Tomato 
Foliago plantslittle shading In the opcln posill)n. LS 18 15' 70% Foliage plantsA NEW GENERATION OF SHADE/HEAT RETENTION FABRICS 

27 
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GREENHOUSE FOGGING SYSTEM
 
[he MicroCool systemn produces on 
aven distribution of atomized micron 
ize water particles (tog). which 
evaporate In the air to provide unl-
form coollr,- and humidifying 
)hrcughout both natural and fan . 
ventilated houses. In contrast to Pad 
cooling, minimal fan usage Is re-
qulred (saving energy) and tempera-
ture gradients are eliminated. 

Pump Module: A special feature of 
MlcroCool Is Its space saving pump 
module. Ihe base of the MicroCool 
100 measures 15'x20*. High quality 
Baldor motors and Hydrocell pumps 
ore used to ensure reliable, trouble ­
ree operation. The pump Isa quiet,pulsation free. dlaphram type with no 
cups.pIng sleeve r grpeasinIth o 
cups, pocklngs, sleeves or gredstngg It Cost Effective 
s unaffected by changefrom 
pressure and can even run dry. E ven distrib utio n 
Water Filtration and Treatment: The
 
6vater supply first passes through a 10
 
nlcron filter and then through a sec- e Uniform oor'n.
 
3nd filter housing containing special
 
,vater conditioners to prevent nozzle * Minimal Fan Use 
;caling. Finally the water Isfiltered toU 
a third time through an even finer IS 
-nIcron filler before entering the * Compact 
pump. 

* Reliable 
* No temperature 

gradients 

*Minimal mainte­
nance 

* Proven Durability 
Auto aticCoetrol:oolMicioCoolTh I\lcro 

Automatic Controls: The MicroCool 
electronic control box operates on a . PORTABLE FLEXI FUGGER 
24 volt circuit and Iswired to the pump An affordable do-it-yourself fogging 
Moduile controls. It can be posilioned system for the small grower (up to 
at uny convenient loca;lon in the 7.000 sq (I ) Essential for propoga-
groe fhouso. lirno, terperature arid ti1on. gor r na ton and plug 
hurnidity can all be set. the green- opera-ions InclUdes hurldista and 
house operator can adjust the con- sensr fur reilatle dir c 
h o ls to c re le t e Uul~ e -x ( ]: l c h r ill o' r o - 0 ) eol ul s li Wr 1 0IIlo s C urla ls oil )  to 

quired far rnaxirun growlt and be used us pressure washer. 
propagation. 

-ysle-l-

I I 

Tubing: MicroCool 1/2' tubing Iscus­
tom extruded, schedule 80ultra violet 
resistant PVC specially reinforced to 
withstand high temperatures and Is 
rated to 1200 PSI. The tubing Iscon­
nected with threaded brass cou­
plings and sealed with a high pressure, 
pipe Joint compound. 
Nozzles: MicroCool iozzles are In­
serted directly Into the tubing. At 600 

PSI they provide 10 micron atomized 
water particles which flash evapo­
rate while floating through the air, 
The unique design of the nozzles en­
sures that there Isno dripping or con­
densallon. 

Drainage: The system will aufomati­
cally drain when turned off, ensurelng 
that no damage occurs to the nozzles 

stagnant water 
f 

Warianty 
syslems have a 1 year lactory 

warranty on all parts. 

Technical Specitication 

systOM Operational Nozzle* 
Size Voltage HP GPM In System 
MC 10 110 1112 2 100 

............... ............... 

200 220 2 4 200 
MCC 4 0 3000 2202 2 0 3 6 300: A 5 8] 400 " 

tjol,: Ecl,,c,,,olc inO cp, e MC 30oand 40 
!.ic 110 a li min p III 3 400 

-5 a-le a--l-l--In 3 pilne IowelI 


