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INTRODUCTION 

This paper is a summary of the design and management recommendations for potato 
storages in the Columbia Basin region of Central Washington and Northeastern Oregon. The 
recommendations presented a r e  based on the present state of technology and experience and 
a r e  adapted primarily from results of research conducted in Washington. Oregon and Idaho. 
Very few of the research results leading to these recommendations a r e  discussed in detail. 
The recommendations presented a r e  intended to  provide guidelines for use by designers and 
purchasers of potato storage facilities. This paper does not include specific examples of how 
the designs a r e  made utilizing the recommendations. 

What is the purpose of constructing a potato storage? What is expected of a storage 
once it i s  constructed? In brief, a storage is expected to provide the proper environment in 
which to  store tubers with the minimum amount of quality deterioration. The proper environ- 
ment includes temperature, relative humidity. a i r  flow (ventilation) and the gaseous content 
(oxygen and carbon dioxide). 

In addition to providing the proper storage environment, the storage facility must also 
be designed to  provide for efficient loading and unloading and ease of operation and management. 
The safety of those who work in and around the facility must also be considered. These aspects. 
while extremely important, will not be discussed in this paper. 

When considering construction of a new storage or renovating an existing one, obtain 
al l  the information available and evaluate each alternative carefully in light of these recomm- 
endations and the intended use of the facility. 

RECOMMENDATIONS 

Storage Environment 

1.  Temperature 

Bring the tuber temperature to  approximately 5 0 ' ~  a s  quickly a s  possible. This is a 
good suberization temperature when a high relative humidity is maintained. This temperature 
should be maintained for a t  least 2-4 weeks. If the tubers a r e  storing well they may be kept at 
this temperature for a longer period. Once this period is completed the tubers should be cool- 
ed to the appropriate temperature for long term storage. These temperatures a r e  42-45'~ if 
the tubers a r e  to be fresh packed and 45-47OF for those that a r e  to be processed into french 
fries. If rot o r  other signs of deterioration a r e  observed the temperature should be lowered 
to the level for long term storage a s  soon as  the tubers have suberized. 



2. Relative Humidity 

The relative humidity of the ventilation a i r  should be 95% o r  greater. This humidity 
level promotes suberization and reduces the weight loss. 

Ventilation and Cooling Systems 

The purpose of any ventilation/cooling system is to bring the tubers to the proper stor- 
age temperature and then to provide and maintain a constant, uniform tuber environment. The 
recommendations which follow a r e  made in order that these goals can be accomplished. 

1.  Ventilation System Capacity 

The ventilation system should be designed to supply at  least 17  cubic feet per  minute 
of a i r  pre  ton of potatoes (cfmlton). The relatively high early fall temperatures in the Colum- 
bia Basin limit the number of hours of cooling time available. In order to provide the necess- 
a r y  cooling capacity ventilation ra tes  of this magnitude a r e  required. 

Some questions have arisen concerning the influence of a i r  flow rate on tuber cooling 
and weight loss. Data on temperature during cool down were obtained from tubers stored in 
heavily insulated chambers. Air  flow to these chambers was controlled a s  were the entering 
a i r  temperature and relative humidity. The results clearly show that higher a i r  flow rates can 
be used to cool tubers more quickly. Typical results a r e  shown in Figure 1. Further, there 
was no significant difference in weight loss between lots of potatoes stored under continuous 
ventilation for up to two months s o  long a s  the relative humidity was maintained at  93% o r  above. 
Tables 1 and 2 show examples of the results obtained. 
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Figure 1 .  Influence of ventilation rate (cfm/ton) on tuber cool down. 



Table 1. Average weekly percent weight loss of approximately 440 pounds of potatoes in each of 
four different storage boxes, continuously cooled for three weeks with different a i r  
flow rates. 

AIR FLOW RATE 
LOT CFM/TON 

NO. 20 40 60 80 

AV. WEEKLY % LOSS 

1 0.62 0.80 0.76 0.75 

2 0.31 0.28 0.32 0.41 

3 0.28 0.28 0.22 0.28 

4 0.30 0.37 0.38 0.34 
- - - - 

AV 0.38 0.43 0.40 0.44 

Table 2. Amount of weight loss after 2 months of continuous ventilation with different a i r  flow 
rates. 

A i r  Flow Rate Percent 
cfm/Ton Weight Loss 

0 1.2 

10 0.6 

20 0.9 

Another interesting observation was made from these experiments. Higher a i r  flow 
rates appeared to reduce the amount of sprouting. These results must be considered a s  pre- 
liminary, but nevertheless, they do point out some potential benefits of increased rates of con- 
tinuous ventilation. 

2. A i r  System Types 

A i r  distribution systems may be composed of above grade perforated lateral ducts o r  
cast-in-the-floor below grade ducts. Either system is satisfactory if properly designed. The 
below grade systems a r e  subject to dirt accumulation which may adversely affect a i r  distribu- 
tion. Tubers tend to plug the a i r  discharge orifices in many below grade systems which may 
also infiuence a i r  distribution. 

3. Duct Spacing 

For  reasonably uniform a i r  distribution, lateral ducts should be spaced no more than 
8 feet apart on centers. This is a good practice for both buried and above ground systems. 



4. Duct Dimensions 

A number of variables must be considered when selecting lateral distribution ducts. 
These include a i r  flow rate, pile depth, duct spacing, duct length, duct diameter, discharge 
orifice diameter, discharge orifice spacing and the properties of the a i r  to be handled. These 
factors must al l  he considered and a careful design arrived at to assure good a i r  distribution 
uniformity. No simple rules can be applied to all cases. A set of dimensionless graphs have 
been developed which allow a designer o r  a prospective purchaser to determine the necessary 
combination of the variables listed ahove to achieve a desired level of a i r  distribution uniform- 
ity. Further, one can determine how much influence changing any of these parameters will 
have on a i r  distribution. This information will be included in a forth-coming publication. A 
rule-of-thumb can be used to make a rough check of the design. This rules states that the a i r  
velocity in the duct should not exceed 1000 ftlmin and that the sum of the cross sectional areas 
of the discharge orifices should be less  than the cross sectional area  of the duct. 

The observed trend seems to be toward selection of an undersized system based sim- 
ply on initial investment costs. This appears to be faulty economics. 

Figures 2 and 3 are  included to demonstrate the adverse affect poor design can have 
on a i r  distribution uniformity. Figure 2 demonstrates what happens to a i r  distribution uniform- 
ity when a duct which is designed for  a duct length of 30 feet is used in lengths of 45 to 60 feet. 
Very poor distribution results. Figure 3 compares the a i r  distribution uniformity when ducts 
of different diameters a r e  used to distribute a i r  over a 60 foot length. The adverse affect of 
undersizing is clearly shown. 

Figure 2. Influence of duct length on a i r  distrihution uniformity. 
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Figure 3. Influence of duct diameter on a i r  distribution uniformity. 
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5. Plenum Chamber 

Careful design to assure uniformity is important and no simple rule covers al l  situa- 
tions. A rule-of-thumb similar to that used for ducts can be used as a quick check. Namely, 
the velocity in the plenum should not exceed 1000 ftlmin and the sum of the cross sectional 
areas  of the duct mouths should be less than the cross sectional area of the plenum. 

The plenum surfaces should be smooth and free of obstructions. Any obstructions, 
turns andlor transitions in the plenum create turbulence which affects distribution and causes 
a loss in pressure (head). Every system, regardless of how carefully the design was done, 
should be checked and the a i r  flow into the ducts balanced before i t  is put into operation. 

6. Static Head ( A i r  Flow Resistance) 

The resistance to a i r  flow provided by the a i r  system and the potato pile determine 



the magnitude of the static head against which the fan must operate. This resistance is a func- 
tion of the a i r  flow rate along with a number of other parameters. Research results have shown 
that a reasonably clean pile of potatoes provides very little resistance to a i r  flow for ventilation 
rates in the 10-20 cfm/ton range. Static head losses  were always less than 0.1 inches of water 
through a pile 20 feet deep. In general, the loss was less  than 0.05 inches of water. 

Total static beads measured in existing systems regularly range from 314 to 1-114 
inches of water. These systems did not include either a i r  washers o r  refrigeration coils. The 
fan o r  fans should be selected to operate against a total static head which is the sum of the re-  
sistance of the potato pile, the a i r  distribution system, and any other equipment in the system 
such a s  a i r  washers or  refrigeration coils. If specific information is not available on the re-  
sistance of the distribution system it is recommended that the fan be selected to operate against 
a static head 1-114 to  1-112 inches of water plus the resistance of a i r  washers o r  refrigeration 
coils, if used. Information on the resistance of a i r  washers and refrigeration coils can be ob- 
tained from the manufacturer. 

7. Fan Operation 

The goal of a ventilation/cooling system is to  maintain a constant, uniform tuber en- 
vironment. The more nearly one approaches continuous a i r  movement the more constant and 
uniform the environment becomes. Fans should be operated a s  much a s  possible within the 
constraints of the temperature conditions. If the tubers a r e  well suberized and do not exhibit 
any signs of deterioration the fans can be operated intermittently without much risk of serious 
consequences. Continuous ventilation provides a measure of insurance against rot development 
and the occurrence of hot-spots in the pile. Under no circumstances should fans be operated 
less than a total of 12 hours per day. 

A part of the tuber environment is the carbon dioxide (CO ) content. Measurements 
made in storages indicate that the C02 concentration in a potato pife reaches 1% o r  higher in a 
few hours when the fans a r e  not operating. The C02  concentration drops rapidly when the fans 
come on. The influence of high levels of C02 on an  intermittent basis on tuber storability is 
not known a t  this time. However, the rapid build up of C02  indicates that intermittent fan op- 
eration subjects the tuber to variations of gaseous environment. 

All the observations made and work conducted indicate the good a i r  circulation on a 
nearly continuous basis is beneficial in maintaining tuber quality. 

8. Cooling/Humidification Systems 

Maintaining high relative humidity during the cool-down and suberization period is 
very important. Because a large quantity of outside air ,  which is potentially at a low relative 
humidity, is brought into the storage during this period the task of humidification is difficult. 
The most satisfactory system for doing this is some type of a i r  washer. A properly designed 
and installed a i r  washer system will maintain the desired relative humidity and also provide 
some extra cooling capacity through evaporation. Even though initial costs a r e  greater the re-  
turns in t e rms  of added evaporative cooling capacity and control of tuber quality appear to war- 
rant the investment. 

When selecting an a i r  washer the manufacturers specification should be studied to de- 
termine the level of relative humidity and the evaporative cooling that can be obtained. Humid- 
ified a i r  that is subsequently passed through a fan will he rewarmed which reduces the relative 
humidity. The a i r  washer system selected should have the fans located upstream from the 
washer o r  have some provision for rehumification downstream from the fan. 

Refrigeration systems, either direct expansion o r  chilled water in conjunction with an 
a i r  washer, may be warranted in some installations. This may be particularly appropriate 
where the refrigerated storage is one of a number of storages managed by an individual o r  



company and may be used to add flexibility. Portable water chillers which can be connected to 
any one of the number of a i r  washers in a system of storages might also be considered. Care- 
ful design of refrigeration systems must be done in order to provide adequate humidification. 
Be sure  that you understand the potential tradeoff between cooling capacity and bumidifcation. 

Structural Systems 

1. Structural Type 

The type of structure selected is primarily a matter of personal preference and econ- 
omics at the time of construction. The same constraints on layout to  allow efficient loading and 
unloading apply regardless of structural type. The structure must be appropriate to accomo- 
date the cooling and a i r  systems. It should also provide convenient access to the control sys- 
tem and to the potato pile for inspection and maintenance. 

Numerous structural failures of various kinds have occurred in potato storages. Re- 
cent research indicates that the data on lateral  pressures produced by bulk stored potatoes pre- 
sently in the literature a r e  inadequate for the design of large storages which a r e  used in the 
western United States. Measurements taken over three different storage seasons indicate that 
peak lateral pressures produced b y a  20 ft. pile depth may reach values as  high a s  220-270 
lbslft2. These values a r e  nearly twice the values reported in the literature. The maximum 
pressure occurs somewhere between 3 and 6 feet above the floor. It is interesting to note that 
the magnitude of the maximum pressure and i ts  location on the wall tend to  change during the 
storage season. This change appears to occur in a somewhat random fashion. This may be 
caused by shrinking and settling of the pile. Much of the data obtained a r e  still under study and 
a firm recommendation on safe design procedures can not yet be made. This information 
should be available to the industry in the next few months. 

2. Insulation 

There is more controversy concerning insulation than anything else concerning storage 
systems a t  this time. The areas of concern include fire hazards and fire codes, thermal re-  
sistance, moisture permeability, changes of insulation properties a s  the material ages and the 
influence of insulation on condensation. Some of these questions appear to be unanswerable at 
this time. 

In order to discuss these concerns, one needs f i rs t  to  ask, "why do we insulate?" 
Insulation is added to a potato storage structure to control the gain o r  loss of heat and to con- 
t ro l  condensation. Controlling condensation, in most instances, is the governing factor. In 
order to control condensation the interior surface temperature must be maintained above the 
dew point temperature of the air. Methods of determining dew point temperatures and predict- 
ing surface temperatures can be found in an earl ier  publication (4). 

It is recommended that the thermal resistance (R) of potato storage walls be at least 
equal to 20 and the ceiling at least 25. Even this amount of insulation will not preclude al l  con- 
densation. When the outside temperature is low and the relative humidity inside approaches 
100% condensation will occur. Some additional suggestions on controlling condensation have 
been presented previously (4). 

Every insulation material will transmit a certain amount of water vapor. This is not 
necessarily related to i ts  ability to resist transmission o r  absorption of liquid water. Water 
vapor travels from a point of high vapor pressure to lower vapor pressure. This is generally 
from the high temperature side to the low temperature side of the material. This means that 
during cold weather water vapor which is being transmitted through the insulation may condense. 
If this occurs, the trapped water will reduce the thermal resistance (R)  of the insulation. 



The water vapor transmission characteristics of material is designated as  "permeance" 
o r  "permeability". The unit of permeance is called a "perm" which is grains of water vapor 
transmitted per hour per  square foot of surface a r e a  per inch of mercury vapor pressure dif- 
ference (gr /hr- f t2- in~g) .  The unit of permeability is called a "perm-inch" which is grains of 
water vapor transmitted per hour per  square foot of surface area per  inch of mercury vapor 
pressure  difference per in of material thickness ( g r l h r - f t 2 - i n ~ g ~ i n ) .  ASHRAE (1) recommends 
a permeance of 1.0 perm o r  less  for  residences and 0.1 perm o r  less  for  cold storage rooms. 
A permeance of about 0.5 perm for potato storage insulation is advisable. Permeability meas- 
urements a r e  made under different test conditions. When selecting insulation o r  vapor barr ier  
materials be sure  that the supplier explains the t rue  meaning of the ratings he is using. 

If a vapor barrier ,  such as  polyethylene, is used care must be taken that no holes or  
t ea r s  a r e  made in the material and the joints a r e  carefully sealed. This is particularly true if 
an insulation, such a s  glass o r  mineral fiber, is attached directly to the roof structure with no 
ventilation above. Any water vapor which gets into the insulation will be trapped and have an 
adverse effect on the thermal resistance value. Cases where water collects between the insul- 
ation and vapor barr ier  a r e  generally examples of this phenomenon. 

Storage Management 

Earl ier ,  reference was made to the necessity of providing a uniform and adequate 
amount of ventilating a i r  in order to cool the tubers to suberization temperature and to  control 
hot-spots and reduce the spread of rots. One of the biggest problems in storages is the excess 
amount of dirt and trash, particularly dirt, which is piled with the tubers. The dirt obviously 
belongs in the field and should be removed during the harvest operation i f  a t  a l l  possible. Bet- 
t e r  systems for removing dirt and t rash  in the field and at the storage must be developed. 

The operation of the piler at  filling time has a considerable influence on the distribu- 
tion of dir t  carried into the pile. If the piler boom is allowed to remain stationary a dirt cone 
builds up which essentially precludes the passage of air.  These dirt cones frequently lead to 
hot-spots and tuber breakdown. Care must be taken in the operation of the piler to see that the 
boom is moving almost continuously to avoid this situation. Proper training and supervision of 
piler operators is important. 

A great deal of work has been done on harvester adjustment and operation to reduce 
bruise damage. The application of the principles developed can result in reduced bruising. 
Not enough has been done on piling and handling equipment. Data collected on piler damage 
have been inconclusive. However, a l l  one has to do is watch the storage filling operations to 
recognize that in most cases the tubers a r e  subjected to some rather severe treatment. 

Nothing has yet been said about the human input into the successful operation of a 
storage system. A potato storage, no matter how elaborate. oannot compensate for poor qual- 
ity potatoes that a r e  placed in the storage. Care must be taken to evaluate the potatoes before 
they go into storage. Field problems such a s  disease, tuber rot, o r  excess bruising must be 
identified. Lots of tubers with these problems should be marketed directly out of the field o r  
kept separately and managed differently. Indiscriminate mixing of lots will generally lead to 
storage problems. 

Operation of control systems in most modern storages is quite automatic. This has 
its advantages, however, many managers tend to re ly  too heavily on the automated control 
system. There is no substitute for human observation, both sight and smell, within a storage. 
Every storage should be physically inspected every day of the storage season. The technology 
which will allow remote, automatic storage management is not yet available. 


