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INTRODUCTION

Controlled atmosphere storage
(CA) also known as modified atmos
phere storage or gas storage refers to
the technique in which the composition
of the storage atmosphere is regulated
or controlled. The value of the pro-
cedeure was first demonstrated in
England in 1927, was introduced com
mercially in New York State in 1940
and has increased spectacularly in the
United States and Canada in the last
few years. The Okanagan Valley has
CA storage capacity of 522,000 loose
bushels with a possible expansion to
1,000,000 bushels by conversion of
other existing facilities.

CA storages in British Columbia are
operated at 30-35°F with atmospheres
of 2-5% carbon dioxide and 2-3%
oxygen depending on variety. Success
ful operation of CA storage is effective
in maintaining good quality and con
dition of well selected fruit for a con

siderably longer period than regular
cold storage. A successful operation,
however, depends upon good manage
ment and properly designed plant.

BUILDING CONSTRUCTION

Structural Material

A CA storage is essentially a cold
storage with addition of a gas-proof
membrane. Because the gas seal must
be accessible for inspection and repair
it is located on the inside surface of

the rooms. Hence it becomes an almost
perfect vapour barrier which traps any
moisture penetrating the exterior
vapour seal. The hazard of moisture
condensation is minimized to a great
extent and long structural life ensured
by building CA storages of concrete
slab or block and insulating exterior
walls with moisture resistant material

such as expanded polystyrene. Inside
partitions less subject to high moisture
gradients may be constructed of wood
and insulated with bat-type insulation.
Long experince in New York State (8)
has proved that loose fill inorganic in
sulation in the ceiling without external
vapour seal is consistently satisfactory
when a vented attic space is provided.

Structural failures have occurred in
frame buildings used for CA storage
particularly old converted buildings

with inadequate vapor barrier. Some
wooden frame buildings planned and
built specifically for CA storage, how
ever, are giving satisfaction. Buildings
of this type using plywood for both
structural material and gas barrier have
been operating five to six years with
no evidence of deterioration.

It has been shown (5) that where
ground water is lower than 10-12 feet
below the floor level the cost of insula
tion in the floor is not justified. How
ever, insulation extending from the
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Figure I. Structural details of insulation and gas seal
at floor-wall juncture.

walls below grade two to three feet
down the foundation wall (figure 1)
should not be omitted.

Gas Seal

Many materials are sufficiently im
pervious to oxygen and carbon dioxide
to constitute a satisfactory gas seal for
CA storage. They include numerous
plastic films such as polyethylene;
mylar; vinyls; sprayed, brushed or
plastered coatings; metal foils; plywood
and sheet metals. The limiting factor in
most instances is lack of a satisfactory
method of application or failure after
one or two years of operation. Most
easily applied and durable is sheet
aluminum or 28 gauge galvanized iron.
This is nailed at 3-inch intervals to
treated wooden furring pieces set in
the insulation and secured to the wall
and ceiling structure. Joints are lapped
about 2 inches and nails and joints are
caulked with a non-hardening com
pound. A good grade fir plywood with
joints sealed has proven sufficiently
gas-proof in a number of storages in
the United States and Ontario during
several years. The life expectancy of
plywood, however, has yet to be de
termined. Five inches of well laid dense
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concrete on a properly compacted fill
forms a satisfactory gas seal for the
floor. To avoid fractures, floors should
be poured in sections of about 175-200
square feet with joints cleaned and
filled with non-setting mastic. The
floor seal at the floor-wall juncture
(figure 1) can be made effectively by
provision of a perimeter channel about
\V2 inches wide and 2-3 inches deep
into which wall metal is extended and
which is finally filled with non-setting
mastic. This type of floor construction
permits minor deflections under load
without cracking or rupture of the gas
seal. Metal clad doors are made gas
proof by sealing with carefully applied
sponge rubber gaskets. Provision must
be made for gas-tight entry of all re
frigeration and water piping and elec
trical conduit. Water drain lines must
be trapped and electrical conduit
sealed internally. Before a room is put
into operation it must be proven gas
tight. In a simple method of estimating
gas tightness, air is pumped into the
sealed CA room to 1-inch static water
pressure with room temperature at
equilibrium with outside temperature
and cooling system off. According to
Smock (6) a 10,000 bushel room is
sufficiently gas proof if some positive
pressure persists for 30 minutes or
more. In the larger CA rooms in the
Okanagan positive pressure for a
minimum of one hour is correlated
with good room performance and has
become the accepted standard.

Room Shape and Size

Because of economy, and to facili
tate rapid oxygen reduction free space
in the room and surface to volume
ratio should be kept to a practical
minimum. A cube would constitute the
ideal shape of a CA room and for this
reason high stacking is desirable. In
CA storages in the Okanagan Valley
fruit is stacked 25 feet high in
rooms which are approximately 42 feet
square with 28 foot ceilings. Space
above the fruit is required for air move
ment from blower units mounted on
the ceiling along one side of the room.
Dimensions of the rooms should be a
modulus of the container dimensions
with wall clearance and allowance foi
air movement between stack rows. For
example, 43 inch x 48 inch bins are
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stacked tightly in rows 48 inches wide
parallel to the air movement with 8
inches clearance at the walls and 5
inches between rows. Twelve to 18
inches clearance is provided at the
wall under the blower units to permit
unobstructed access of return air to
the coils. Doors likewise should be
sized and located so as to facilitate
final loading.

REFRIGERATION

A frank appraisal of CA perfor
mance admits that the rapid cooling
and good temperature control obtain
ed in CA rooms accounts for a signifi
cant part of the beneficial effects of this
method of storage. Design of the re
frigeration system for CA must incor
porate features which guarantee rapid
cooling, high humidity, and accurate
temperature control with minimum
fluctuations and spacial variations.
Satisfactory performance may be
achieved with freon or ammonia using
ceiling units or floor mounted evapora
tors with air ducts. In general, ceiling
mounted evaporators with blade type
fans have design features which are
advantageous. These include large coil
surface and high air volume with ex
penditure of about lA the horsepower
that is normally characteristic of large
floor units with duct systems.

Cooling Capacity and Temperature

Prompt cooling of fruit destined for
long storage is of utmost importance in
delaying ripening and preventing cer
tain physiological disorders. Calcula
tion of the heat load should be based
on average peak intake of fruit and
expected prevailing temperature at the
time of harvest. In addition to sensible
heat of fruit and containers, respiration
heat must also be anticipated (figure
2). It is sometimes not recognized that

TEMPERATURE OF

Fiaure 2. Heat load incurred bv a daily loadina rate
of 40 bins of apples at any temperature between 40°
and 80°F. and cooled to 30°F. in 7 days. Net content
of bins (43" x 48" x 24") is equivalent to 1,000
loose bu. boxes. If boxes are substituted for bins
the sensible heat load due to container must be

increased by a factor of 2.
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rapid cooling actually requires less
refrigeration than slow cooling. This is
so because heat of respiration is re
duced by as much as 2A for each 18°F
reduction in temperature. Rapid cool
ing, however, can be achieved with
adequate coil and compressor capacity
only if air volume and distribution are
also adequate. Theoretical values of
1,000 to 1,100 cfm per ton of coil
capacity used in the past in many fruit
storages has seldom proved adequate
in practice. Chronic problems of local
ized warm areas, frozen fruit, extended
cooling time and low humidities char
acterize many of these installations. In
these storages even when fully loaded
with fruit properly stacked, the magni
tude of free space is such that much
larger volumes of air would have to be
circulated in order to ensure positive
movement in all areas. Evaporators
rated on a 10°F.T.D. and capable of
delivering 2000 cfm per ton capacity
of coil can be expected to do an ef
ficient job of cooling.

Humidity
The turgid crisp texture of fruit is

lost with dehydration. Shrivelling oc
curs with 4 to 5% water loss from
apples. Greatest rate of water loss
occurs when fruit is warm and the
vapor pressure deficit is corresponding
ly high. Weight loss during cooling
period may amount to as much as 1-
\V2% (4). When a stabilized tempera
ture is reached rate of moisture loss
varies inversely with the relative humi
dity of the storage atmosphere (9).
Therefore, to avoid excessive water
loss during the long period fruit is kept
in CA storage relative humidities of
90-95% are required. Once a storage
is sealed only the cooling coils and
fruit containers remove moisture. It
might be assumed on theoretical
grounds that a dry apple box in
equilibrium with air at 70°F and 20-
30%rh would contain sufficient mois

ture to satisfy equilibrium require
ments at 30°F 90% rh. In practice,
however, the caintainer increases in
weight considerably. Apple boxes have
been shown to increase in weight by 8
to 9% under these conditions (table
1). This means that apples in CA
storage suffer a further 0.8% weight
loss to the 25-bushel bins in which
they are stored. During a long storage
period, however, the greatest potential
for moisture loss is by condensation or
freezing on the cooling coils. Control
of this factor by proper design and
operation constitutes the most satis
factory method of regulating water loss
and humidity in fruit storages. High
humidity is provided by a system in
which coils have sufficient heat trans
fer when operating with small tem
perature difference between refrigerant
and storage air. For example, (figure
3) in a 35°F storage, 95% rh is
obtained when return air is not cooled

Figure 3. Relationship of relative humidity to dis
charge and return air temperatures. The qraph was
developed from values found in Table II. Determina
tion of thermodynamic properties of moist air,

ASHRAE Guide and Data Book, 1961.

more than 1.3 %F when passing
through the coil. Coils which are se
lected for the cooling load on the basis
of a 10°F temperature difference and
equipped with suction pressure control
will provide a satisfactory humidity
during the holding period. In actual
practice during five months at 35°F,
90-93% rh weight of Mcintosh apples
decreased on an average only 2.45%
(table 2).

TABLE I. CHANGE IN WEIGHT OF APPLE BOXES
RELATIVE HUMIDITY

WITH CHANGE, IN

% R.H.

Wt. gm.

Temp. F. A B

70

70

30

21

65

87

2650

2856

2864

2483

2700

2707

TABLE II. WEIGHT LOSS OF McINTOSH APPLES IN CA STORAGE

Avg. net wet. of fruit/bin
(12 or more bins) % loss

Lot No. Before Storage After 5 mo. storage of weight

1 804.6 786.3 2.27

2 800.6 781.8 2.34

3 890.5 770.5 2.53

4 802.2 780.8 2.66

Average 799.5 779.8 2.45
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EQUIPMENT LAYOUT

Equipment in CA rooms filled with
fruit is not readily accessible and an
external source of oxygen must be
supplied to workmen in atmosphere
with less than 16% oxygen. For this
reason and to reduce risks of refriger
ant leaks, only a minimum of piping
and equipment is included inside the
CA rooms. This is limited to the coils
and supply and return headers for
refrigerant and water where water de
frost is used. Main suction and liquid
lines, suction traps, solenoids, float
controls, expansion valves, etc. should
be kept outside the CA rooms. Water
supply and drain lines must be proper
ly graded to avoid blockage by freez
ing. Water drains must be trapped to
form a gas seal and the trap must be
protected from freezing.

To protect the gas seal in CA rooms
from excessive pressure fluctuations
that may be caused by severe baro
metric changes or by rapid carbon
dioxide absorption during oxygen re
duction, all rooms should be equipped
with pressure relief valves. In its
simplest form this may be a 2-inch
diameter U tube with means of adjust
ing water level so that venting occurs
when pressure difference between the
inside and outside atmosphere exceeds
1-1 '/2 inches of water. An ethylene
Glycol solution is used to avoid freez
ing.

ATMOSPHERIC REGULATION

With some exceptions which are not
discussed here, the respiration process
of the fruit is relied upon to reduce the
oxygen content of the CA room to the
desired level. At this point, to prevent
oxygen dropping below the critical
minimum of 2-2 Vi%, the room is
vented to the outside through a small
port provided for the purpose. Under
normal metabolic conditions carbor:

dioxide is produced by the fruit in
quantities equivalent to the oxygen
utilized. Respiration studies at Sum-
merland have shown that Mcintosh
apples at 70°F produce 8-10 cubic
feet of C02 per ton in 24 hours but
only 11/2-2 cubic feet at 36°F. Smock
(6)concluded that respiration rate
under CA conditions (5% C02 plus
3% 02) was !/3 that in air. Within
2-3 days of sealing the room carbon
dioxide will have reached the desired
maximum concentration and must be
controlled at this level. Scrubbing, the
process of removing excess C02 from
the storage atmosphere, may be ac
complished in a variety of ways. The
most common method in the past was
to circulate storage air through a cas
cading solution of sodium hydroxide
or sometimes a slurry of lime. Recently

Mann (3) in England used monoethan-
olamine to absorb C02 from the CA
atmosphere and in a more sophisticated
procedure molecular sieves of the
zeolite types have been found effective
(2). Both of the latter materials can
be regenerated by heating and may be
cycled repeatedly. As a result of ob
servations and experiments in New
York (7) a system was developed
using water to remove C02 from the
storage atmosphere. One of the simp
lest and cheapest methods of scrubbing,
however, was devised by Eaves in
Nova Scotia (I) who used bags of
agricultural lime, Ca(OH)2 in a cham
ber connected to the storage by pipes
fitted with valves to control rate of
C02 diffusion.

In the Okanagan Valley of British
Columbia lime scrubbing has been
adapted for use in large CA rooms
holding 385 tons of fruit. In these in
stallations, lime chambers adjoining
the CA rooms and connected by two
louvered openings, hold 200 - 50 pound
bags of lime (figure 4). Lime is

Figure A. A view of a lime scrubber showing one of
six pallet loads of lime and the fan used to circulate

storage atmosphere through the scrubber.

handled conveniently on pallets making
it possible to load a scrubber or re
charge it rapidly. A 500 cfm fan opera
ted automatically by a time switch
circulates storage atmosphere through
the lime room. When the fan is not
operating louvers close to prevent ex
cess scrubbing. With storage room
blower fans and scrubbing fans off,
the door to the scrubber room can be
opened and the lime replaced with
negligible effect on the gas concentra
tion in the storage. Mann (4) has cal
culated that 1 pound of lime is capable
of absorbing 4.4 cubic feet of C02.
However, rate of absorption decreases
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as increasing amounts of lime react
with C02. Consequently, scrubbers
holding a small percent of the season's
lime requirements are inefficient. On
the other hand, the gross absorption
capacity of a large quantity of lime as
used in the Okanagan is sufficient to
control C02 levels during the period
of declining efficiency. This has been
apparent in the past season's operation
in which 0.54 pounds of lime per
bushel (32 pounds) was required dur
ing the six month storage of Delicious
apples using 10,000 pounds of lime in
the scrubber. Under comparable con
ditions, however, where the scrubbers
were charged with 6700 pounds of
lime, 0.76 pounds per bushel were re
quired and Eaves reported about 1
pound per bushel was used in a scrub
by charged with 5800 pounds of lime.
Undoubtedly, water or lime scrubbing
at present are the cheapest methods of
C02 removal. Construction cost of
water scrubbers is generally more than
for lime but operating costs are small.
Reduction of oxygen concentration is
not as rapid with water scrubbers and
maintenance of 2% or less C02 and
low 02 is more difficult than with
lime. Average cost of lime per bushel
(32 pounds) for storage of 440,000
bushels of apples during a six month
period in the 1964-65 season was
about one cent per bushel including
cost of handling.

INSTRUMENTS AND CONTROLS

Room Temperature Control

A reliable thermostat to control
room temperature with narrow dif
ferential is essential. Fluctuations in
air temperature which may produce
small or insignificant changes in fruit
temperature are acceptable in air stor
age but should be minimized in CA be
cause corresponding atmospheric pres
sure changes in the room increase the
difficulty of maintaining low oxygen
concentration. The use of a properly
adjusted pressure regulator tends to
dampen fluctuations that would other
wise occur in discharge air temperature.

A modulating back pressure control,
ideal for CA storage, automatically
regulates suction pressure to suit the
heat load thus ensuring even discharge
temperature and high humidity during
the holding period. Evaporator coils
should have a positive method of de
frost scheduled automatically by a time
switch. To avoid undue increase in at
mosphere pressure in the room the
defrost period should be the minimum
required to clear the coils and the fan
delay should be set with sufficient time

continued on page 39
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. . . IRRIGATION SYSTEMS

continued from page 14

for system design under different soils
and crops; each individual irrigation
system will be designed with capacities
to meet the requirements of meteoro
logical events having different proba
bilities of occurrence. It is suggested
that a more rational approach to design
may be accomplished by using a peak
consumptive use value of a given prob
ability. Several examples are presented
showing the reduction in capital costs
of a sprinkler irrigation system when
using the proposed design criteria in
place of the conventional procedures.
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. . . CONTROLLED STORAGE

continued front page 21

to permit coils to be cooled to room
temperature by refrigerant before
blowers start.

Gas Analysis

It is accepted practice to analyze
storage atmospheres daily and regulate
scrubbing time or venting if necessary.
Faithful attention to this routine task is

Figure 5. A convenient arrangement of gas sampling
and analysis equipment in the office of the CA
storage, in addition to gas analyses, temperature
readings in one or more locations and static pressure
can be determined in any of the rooms from this

central point.

essential and much time is saved by
providing for gas analysis at a central
point such as office or engine room
(figure 5). Polyethylene tubing, XA
inch, makes satisfactory gas sampling
lines which can be connected to a

manifold fitted with stopcocks and
equipped with a small diaphragm pump
to draw the sample. Oxygen and C02
can be analyzed simultaneously by
using simple orsat type equipment for
C02 and a Beckman D2 instrument
for 02. The convenience and economy
of time inherent in this arrangement
justifies the cost where six or more
analyses are made daily.

Thermometers

An accurately calibrated recording
thermometer to measure return air
temperature is an invaluable means of
assessing plant operation as well as
providing a permanent record. For ad
ditional verification, an indicating ther
mometer should be located in the stor
age so as to be visible from one of the
glass inspection ports.

While not essential, remote tempera
ture indicating equipment may be used
to advantage particularly in a large
storage, in monitoring air and fruit
temperatures in various parts of the
room. Thermister type equipment with
narrow range and matched, calibrated
probes is inexpensive and has proven
highly satisfactory in practice. The in
strument with multi-point switch can
be located centrally with gas analysis
equipment for convenient determina
tion of temperature at the time gas
analysis is made.

Static Pressure Gage

One more instrument which provides
useful information to the CA operator
is a static pressure gage which indicates
+ or — static pressure in fractions of
an inch to ± one inch to two inches
of water pressure. Various commercial
instruments are available but a simply
made "U" tube manometer suffices.
The pressure gage connected one to a
room or one common instrument con
nected to the gas manifold helps the
operator to account for changes in
oxygen levels in the storages and per
mits assessment and adjustment of
pressure fluctuations due to refrigera
tion cycling and defrosting.
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