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ABSTRACT

Low-pressure tanks, operating at positive pressures from just above atmospheric
pressure to 15 psig, are normally used for storage of motor gasoline, pentanes, and
natural gasolines having up to 30 Ib RVP. Because insufficient data are available to
establish equations by correlation, the loss equations presented in this bulletin are
based on a theoretical study made by the APl Committee on Evaporation Loss
Measurement.

Using a theoretical equation, the design pressure, confirmed by experience, which
will prevent breathing loss from motor fuel having a Reid vapor pressure of 14 Ib
calculates to be 2.5 psig. The pressure required to prevent boiling loss may be deter-
mined by use of another equation. Losses from tanks venting at pressures below the
pressure required to prevent breathing may be estimated as a percent of the loss
which would have attended storage in an atmospheric pressure tank.

The appropriate application of low-pressure tanks is for storage of stocks having a
true vapor pressure of more than 14.7 psia, wherein working losses can theoretically
be completely eliminated. In practice, working loss does occur and depends upon the
rate of pump-in, dissipation of heat, and pump-out. No equations are presented for
these conditions.

Because low-pressure tanks for storing stocks having a true vapor pressure of less
than 15 psia are hmited in number, a field test program for refinement of the
breathing loss equation for those tanks is not justified. Data are needed for a wide
range of pump-in rates and vessel sizes under summer conditions to establish the safe
working pressure which will prevent working loss for products having a true vapor
pressure of more than 15 psia.
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EVAPORATION LOSS FROM LOW-PRESSURE TANKS

Introduction

The term low-pressure tank, as used in this evapora-
tion loss bulletin, refers to vessels having a maximum
pressure vent setting in the range from just above
atmospheric pressure to 15 psig and a vacuum vent
setting normally 1 to 2 oz per sq in. The tanks are
used for the storage of products, such as motor gaso-
line, pentanes, and natural gasolines, having a Reid
vapor pressure up to 30 Ib. Although a storage pressure
of less than 2.5 psig may be used for some products,
the type of vessel construction does not permit appre-
ciable economy by using lower design pressures. The
loss principles applying to 2.5-psig to 15-psig pressure
will also apply for higher or lower working pressures
than the specified range. Low-pressure tanks are con-
structed in many sizes and shapes, depending upon the
operating pressure range. Fig. 1, 2, 3, and 4 show
typical types of construction.

Pressure tanks differ from other conservation tanks
in* that they have neither moving parts nor a variable
vapor space. The principle of operation is the same
as that for the conservation vented fixed-roof tank.
The basic difference is the ability of low-pressure tanks
to withstand higher pressure variations. Because of
this, venting loss due to boiling and breathing loss due
to daily temperature changes are prevented. By increas-
ing the tank design pressure, liquids of higher volatility
may be stored without breathing loss.

The amount of loss from pressure storage tanks has
been considered by users and tank manufacturers, but
few data are available. Therefore, a theoretical basis
has been used to estimate losses resulting from various
storage conditions and types of products. Four types
of losses are considered: breathing loss, boiling loss,
working loss, and leakage loss. Factors are discussed
that affect the performance of low-pressure tank storage.

Vent Pressure Required to Prevent Breathing Loss

Breathing loss occurs when vapors are vented from
the vessel as a result of thermal expansion of the vapors
in the vapor space and by the vapor pressure increase
resulting from the increase in the liquid-surface tem-
perature. No breathing loss occurs unless the pressure
rise resulting from these two variables exceeds the vent
setting.

For an apparent liquid-surface temperature up to
100 F, experience has shown that a pressure of 2.5 psig
will substantially prevent breathing losses from motor
gasolines having a Reid vapor pressure up to 14 Ib.
A small annual loss may result from seasonal changes
in storage temperature.

By the use of equation (1) (derived in Appendix I),
the theoretical pressure (P,) required to prevent breath-
ing losses may be calculated:

P,=1.1(P,+P,~p,) — (P,~p,) (1)
Where:

P.=page pressure at which pressure vent opens, in
pounds per square inch gage.

P,=atmospheric pressure (at sea level=14.7
psia).

P,=pgage pressure at which vacuum vent opens,
in pounds per square inch gage.

p1=true vapor pressure at 90 F minimum liquid-
surface temperature, in pounds per square
inch absolute.

p.= true vapor pressure at 100 F maximum liquid-
surface temperature, in pounds per square
inch absolute.

P, has been calculated to be 2.5 psig for 14-1b-RVP
gasoline, using equation (1) and sea-level atmospheric
pressure. By using the temperature assumptions dem-
onstrated to work for motor gasolines, required storage
pressures may be calculated for liquids of higher vola-
tility.

The relation in equation (1) applies only when the
vapor pressure of the liquid at minimum surface tem-
perature (p,) is less than the absolute pressure (P; + P,)
at which the vacuum vent opens. Under this condition
air is always present in the vapor space. The breathing
curve shown in Fig. 5 is a plot of equation (1) and
gives the pressure (P;) calculated to eliminate breath-
ing losses for products ranging up to 17.5 psia TVP
at 100 F with storage at sea-level atmospheric pressure.
Products having a true vapor pressure above 17.5 psia
are subjected to boiling losses; these products are dis-
cussed in a subsequent section. The Fig. § plot of
equation (1) is for the condition where P,=0.0 psig.
The value of p, corresponding to p, was obtained from
the vapor pressure chart, Fig. 6. A range of distillation
slopes was used ; i.e. S=3 for the condition p,=8 to
S=1 for the condition p,=17.5, because the higher
vapor pressure stocks tend to have a smaller slope.

Altitude will affect the required storage pressure.
Adjustment of storage pressures for atmospheric pres-
sures other than 14.7 psia may be made by substituting
the proper atmospheric pressure (P,) in equation (1).
Table 1 lists the atmospheric pressure existing at various
altitudes.

TABLE 1—Atmospheric Pressure at Altitudes Above

Sen Level
Pounds per Square
Feet Inch Absolute
1,000 14.17
2,000 13.66
3,000 13.17
4,000 12.69

5,000 12.23
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Breathing Loss When Vent Pressure Is Less Than
Required

A small percent of low-pressure tanks operate with
a pressure vent setting below 2.5 psig—some by design
and some because of corroded conditions of the vessel
plating. The committee has few data upon which to
develop a breathing loss correlation bridging the gap
from O psig to 2.5 psig. No attempt has been made to
develop a theoretical equatior as only a few of these

tanks exist and new ones are not recommended. As
an approximation, it is suggested that for vent settings
in the range O psig to 2.5 psig the breathing loss de-
creases from 100 percent to 0 percent of the breathing
loss of an equivalent (i.e., capacity and diameter)
fixed-roof tank, as shown in Fig. 7. This plot shows
that each additional increment of pressure reduces the
breathing loss by a progressively smaller amount. For
example, the 10 oz per sq in. increment from 1 tg 11 oz
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per sq in. reduces breathing loss 52 percent, but the
10 oz per sq in. increment from 30 to 40 oz per sq in.
reduces breathing loss only approximately 3 percent.

Vent Pressure Required to Prevent Boiling Loss

Boiling occurs when the temperature of the liquid
surface reaches the point at which the true vapor pres-

¥ _—

sure of the liquid is equal to the total pressure in the
tank. Heat added to liquid in this condition will cause
boiling. Boiling loss occurs when the true vapor pres-
sure of the liquid exceeds the pressure vent setting of
the tank. If p, is equal to or exceeds the absolute
pressure (P,+P,) at which the vacuum vent opens,
air is kept out of the vapor space and the absolute tank
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pressure equals the true vapor pressure of the liquid
surface. The storage pressure to prevent boiling is:

Py=p,—-P, (2)

For convenience, equation (2), as well as equation (1),
is plotted (for the condition when P,=14.7 psia) in
Fig. 5. The minimum pressure requirements indicated
in Fig. 5 have proved adequate to prevent boiling loss
under usual storage conditions. In using the boiling
curve shown in Fig. 5, ps, the true vapor pressure at
100 F, may be obtained from Fig. 6 for up to 20 Ib
RVP. For 20 to 30 Ib RVP, p, is approximately 7 per-
cent greater than the Reid vapor pressure at 100 F.*

Working Loss

Working loss will occur during filling if the pressure
of the vapor space exceeds the vent setting and vapors
are expelled. If the pressure at the start of filling is
less than the pressure vent setting, the air-hydrocarbon
mixture will be compressed during filling. The hydro-
carbon condenses maintaining nearly a constant partial
pressure. A certain fraction of vapor space may be
filled with liquid before the vent opens, thus decreasing
working loss. As filling continues, the total pressure

* Based on data from the chart “Vapor Pressures Vs. Tem-
peratures for Typical Motor and Natural Gasolines," Enginecer-

ing Data Book, p. 51, National Gasoline Supply Men’s Assn.,
Tulsa, Okla. (1957).
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FIG. 7—Relationship for Estimating Motor Gasoline
Breathing Loss from Tanks Operating at Less Than the
Recommended 2.5-psig Vent Setting.

eventually equals the pressure at which the relief valve
opens, resulting in venting. Assuming there is no tem-
perature change in either the liquid or the vapor during
the filling period, the remaining liquid entering the
tank replaces an equal volume of vapors discharged
from the vent. The total amount of loss, therefore,
depends on the capacity of the vapor space in the tank.
Since the temperature normally does change as conden-
sation takes place, the rate of filling and emptying can
also affect the amount of loss. The unpredictable effect
of these variables has made it difficult to determine the
actual loss resulting from filling low-pressure tanks.

To obtain theoretical values for losses incurred dur-
ing filling, two assumptions have been made:

1. The vessel is completely filled, starting with a satu-
rated vapor space; i.e., equilibrium exists between the
hydrocarbon content in the vapor and the liquid phases
under given conditions of temperature and pressure.

2. Filling starts at slightly less than atmospheric
pressure.

By use of these assumptions, the following working loss
equation is derived in Appendix I:

Ip(Py+Py—p.)

F'=IOD(Pn+Pg—p‘.)

(3)

Where:

F.=working loss, percentage of volume pump-in.
«=true vapor pressure at liquid temperature, in

pounds per square inch absolute.

P,=atmospheric pressure (at sea level=14.7
psia).

P,=gage pressure at which vacuum vent opens,
in pounds per square inch gage.

P.=gage pressure at which pressure vent opens,
in pounds per square inch gage.

For atmospheric conditions where P,=14.7 psia,
equation (3) becomes:
3p1(14.T+P1 _px]

Fo= 10001 7P, —p) 12

The loss indicated theoretically is correct for the as-
sumptions that the true vapor pressure of the liquid
surface is the same at both the beginning and the end
of filling and that no change in vapor space temperature
occurs. To the extent that the tank is not completely
filled, the loss expressed as a percentage will be reduced.
This favors many partial fillings rather than several
complete fillings.

As liquid-surface temperature is variable and difficult
to obtain, the value for p, is based on the average tem-
perature of the main body of the liquid. Because of
the possible variables, the required pressure to prevent
breathing loss from a low-pressure tank, as determined
from Fig. 5, should be considered to have no pressure
rise available to decrease working loss. With this con-
dition the working loss may be determined in the same
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manner as for an atmospheric pressure tank, using
Fig. 12 from API Bulletin 2518: Evaporation Loss
from Fixed-Roof Tanks.

When a product is stored in a tank having a higher
pressure setting than required by Fig. 5, the working
loss may be estimated for this condition by use of
values obtained from Fig. 5 and Fig. 8. By deducting
the pressure required, as determined from Fig. 5, from
the actual vent setting, the balance, designated as AP,
may then be considered to be the effective pressure
available for reducing working loss as determined from
Fig. 8. Fig. 8 is based on equation (3a) except that
P, is considered to be AP. The loss values are repre-
sentative for normal turnovers (12 per year) experi-
enced with low-pressure storage. The values do not
apply for low-pressure vessels which have rapid or
frequent throughputs,

Theoretically, stocks which may be stored in the
absence of air (minimum p. equals or exceeds P;+ P,)
should not incur working loss. In practice, working
loss does occur and depends upon the rate of filling,
dissipation of heat, and vent pressure. Data are not
available to determine the vent setting which would
prevent working loss when air is absent.

Leakage Loss

The efficiency of a low-presure vessel is directly
dependent on maintaining a vapor-tight vessel. Defec-
tive operating equipment which allows vapors to escape
at pressures below the vent setting results in an ineffi-
cient operating unit.

Leakage loss is not subject to estimation by means
of a correlation.

Conclusion

The loss correlations are based on theory and as-
sumed conditions. Inorder to correlate the theoretically
calculated results with actual service, it would be
necessary to obtain test data under actual operating
conditions. Because of the limited use recently of
low-pressure tanks for products having a Reid vapor
pressure of less than 15 Ib, a field test program is not
warranted. In the case of products having a Reid vapor
pressure from 15 Ib to 30 lb, data are needed for a
wide range of pump-in rates and vessel sizes under
summer conditions to establish the working pressure
which will efiectively prevent working loss.
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APPENDIX I—DERIVATION OF EQUATIONS

Vent Pressure Required to Eliminate Breathing
Loss

Breathing loss may be eliminated provided the proper
storage pressure is used for the stored product. The
storage pressure required depends upon the vapor
pressure of the product and the temperature variation
of the liquid surface and the vapors. The pressure rise

in the vapor space may be calculated from those
variables, using:

P, =gage pressure at which vacuum vent opens,
in pounds per square inch gage.

P,=gage pressure at which pressure vent opens,
in pounds per square inch gage.

P,=atmospheric pressure (at sea level=14.7
psia).

p:=true vapor pressure at minimum liquid-surface
temperature, in pounds per square inch
absolute.

pP2=true vapor pressure at maximum liquid-surface
temperature, in pounds per square inch
absolute.

t; =minimum average vapor-space temperature,
in degrees fahrenheit.

l»=maximum average vapor-space temperature,
in degrees fahrenheit.

V:;=minimum volume of vapor space, in cubic
feet.

V:=maximum volume of vapor space, in cubic
feet.

At minimum temperature conditions, the partial pres-
sure of hydrocarbon in the vapor is the same as the
vapor pressure of the product, p,,; therefore, the partial
pressure of the air in the vapor space is:

Pn‘I"Pl'*F'I

At maximum temperature conditions, the partial
pressure of hydrocarbon in the vapor is the same as
the vapor pressure of the product, p,; therefore, the
partial pressure of the air in the vapor space is:

PI +P2-F2

Assuming that the pounds of air in the system is held
constant and applying the laws of perfect gases (Boyle’s
law and Charles’ law) to the air only, the product of
the air partial pressure and volume divided by the
absolute temperature is constant, giving the general
formula for the pressure-volume-temperature relation-
ship in the vapor space:

fPa'l‘Pz—Pz\ _ {P:H—PI—F \
Vii—%=a60 ) =V 51460

11

With low-pressure tank storage the vapor space remains
constant, or:

Vi=V,
Therefore:
P.+P.,—p- P,+P,—p,
t.+460  t,+460
Or:
P.= Ea—i-;g—g)fpﬂ-]hpl“F:)—(Pu—Pﬂ

Application of the foregoing equation requires data
on variations in the liquid-surface temperature and
vapor-space temperature. Experience has shown that
the following temperature conditions applied in the
preceding equation have substantially prevented breath-
ing losses from motor gasolines:

p:=vapor pressure at minimum liquid-surface
temperature of 90 F.

p-=vapor pressure at maximum liquid-surface
temperature of 100 F.

t; = minimum average vapor-space temperature at
85 F.

t.= maximum average vapor-space temperature at
140 F.

Substituting ¢, and ¢, in the preceding equation, a
simplified equation may be written:

P.=1.1(P.+P,—p;) = (P.—p-) (1)

As an example, the minimum storage pressure re-

quired to store 14-1b-RVP product under the following
conditions 1is:

P,=gage pressure at which vacuum vent opens=
—0.06 psig.

P.=page pressure at which pressure vent opens.

P, =atmospheric pressure=14.7 psia.

p: =true vapor pressure at minimum liquid-surface
temperature of 90 F=12.3 psia.

P2 =true vapor pressure at maximum liquid-surface
temperature of 100 F=14.6 psia.

The true vapor pressures for the respective tempera-
tures have been taken from the vapor pressure chart,
Fig. 6, using an S value of 2.

P.=1.1[14.7+(-0.06) —12.3]-(14.7-14.6)
=2.5 psig

Working Loss

Working loss will occur with low-pressure storage if
the vapor pressure of the product is sufficiently low to
draw air into the vessel or if filling is done at a rate
which results in a rapid increase of pressure and subse-
quent venting of vapors through the relief valve.
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To calculate the amount of vapor vented, it is neces-
sary to determine the number of cubic feet occupied by
1 gal of liquid when it is in the form of saturated vapors.
This derivation has been presented in Appendix II,
p. 31 and 32, of API Bulletin 25]13: Evaporation Loss
in the Petroleum Industry—Causes and Control. As
stated in Boyle’s law, the volume of a vapor is propor-
tional to its partial pressure, p., therefore:

Z—( 379.5WC ) I4.?)
- M ( P:
Where:

Z=number of cubic feet of saturated vapor at
standard conditions, 60 F and 14.7 psia, per
gallon of liquid.

W =weight of 1 gal of liquid, in pounds.

C =compressibility factor.

M =molecular weight of the hydrocarbon vapor.

p.=true vapor pressure at liquid temperature, in
pounds per square inch absolute.

A reasonable average for the expression

379.5WC
M

is 30 because the vapor from motor gasolines contains
hydrocarbon vapors, chiefly in the range of isobutane,
nbutane, isopentane, npentane, and hexane, with butane
vapors as the principal components. The approximate
number of standard cubic feet of vapor per gallon of
liquid may then be given as:

_ (300 (14.7)

Z

Assume the vacuum vent is on the verge of opening
with a mixture of air and hydrocarbon vapor in the
vapor space. As the vessel is filled, the partial pressure
of the air incrcases. At the same time, the hydrocarbon
vapor condenses, and its partial pressure remains prac-
tically constant. Eventually the total pressure may be-
come equal to the pressure at which the pressure relief
vent opens. Then as filling continues, the volume of
vapor displaced through the vent is lost and will be
equal to the volume of liquid pumped in after the
pressure relief vent opens. Before the vent opens, a
fraction of the vapor space can be filled with product
by compressing the vapors. Applying Boyle’s law, this
fraction is equal to:

P.—P,
-PI +F2"'P‘

W here:

P>=gage pressure at which pressure vent opens,
in pounds per square inch gage.

P, =gage pressure at which vacuum vent opens, in
pounds per square inch gage.

P, =atmospheric pressure (at sea level=14.7
psia).

p«=true vapor pressure at liquid temperature, in
pounds per square inch absolute.

The preceding equation assumes the temperature re-
mains relatively constant during the pressure change
period.

Considering V', as the initial vapor-space volume in
cubic feet and considering the vessel completely filled,

the cubic feet of saturated vapors displaced and lost
during venting is:

P.-P, _ P=+P1—Pr\
V‘(' - P+P,— p‘-) =Vi{F.+ P.—p./

As shown previously, there are appmximatelyﬂ

std cu ft of saturated vapors per gallon of liquid. There-
fore, the number of gallons lost during the complete

filling1s: *
Vv ( P ) (P.+P1-p,-)
. -
44| P, +P2—p»

If the vessel is completely filled, 7.48 V, gal of
liquid are pumped in. The percent of loss is therefore:

100p, (P, +P;1—p.)
7.48(441)(P,+Pa—=p.)

_..._"?‘_p_"'_ F:I+P1 '_P_m)
F=100 (F,.1+P2—Pr )

And,

W here:

F. = working loss, percentage of volume pump-in.

As an example, the percent of filling loss resulting
from a 10-Ib-RVP product in a 10,000-bbl tank for
the given conditions is as follows:

p.=true vapor pressure of liquid at 100 F=10.5
psia (Fig. 6 with S=3).

P.= atmospheric pressure=14.7 psia.

P, =gage pressure at which vacuum vent opens=

- 0.06 psig.
P.=gage pressure at which pressure vent opens=
2.5 psig.
g _[3(10.5)7 [14.7+(-0.06) --10.5 |
[ 100 | 147+25-105
=0.2 percent

Total amount of loss=(0.002)(10,000) =20.0 bbl.
This loss is based on completely filling the vessel, start-
ing with the vapor space saturated.f

* Omission of a factor 1o correct tank vapors to volume at 60 F
introduces a small error.

t¥ This example is for a hypothetical condition wherein breathing
loss is ignored since fill ic assumecd 1o start with the vacuum vent
on the verge o] opening. Realistically, as stated in the text on p. 9
and 10, working loss can be reduced only by that portion of pres-
gaurr.l range which is surplus to the range required to prevent breath-
ing loss.
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APPENDIX II—COMMITTEE MEMBERSHIP

Committee on Evaporation Loss (1961)

. Hoffman (Chairman) . .
. Packard (Vice Chmrrmn] _
. Cullison {Sccrﬂar)r) ........ .
Au:stm .

0% 0

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

----------------------

TemRR YNl

F18

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

J:nnmgs

. ‘Mapston
. McClintock
. Mount

. Oswald

. Simonson

. Talley

.. .Socony Mobil Qil Co., Inc

. .Shell Oil Co.
. American
. . American Qil Co. .
.. . The British American Oil Co Ltd..
.. The Standard Oil Co. (Ohm)

.. Tidewater Qil Co.
. .Texaco Inc.
. Imperial Oil lelt::d L

- The Atlantic Refining Co. =
. ... Standard Oil Co. of California
. Richfield Oil Corp. =
.. . Esso Research and Engme:rmg Co.
.. Sun Qil Co.
. .The Pure Oil Co. = .
. Phillips Petroleum Co.

Petroleum Institute

Continental Oil Co. . ..
Sinclair Refining Co..

lllllllllllllllllllll
.......

11111

Humble Pipe Line Co.

aaaaaaaaaa

The Pure Oil Co.

Subhcommittee [I—Correlations (1961)

Jasek (Chairman)
rbes (Secretary) .
Baker .
Giannini
Hanson.
Jennings
Johnson
Mapston

Mount

Mueller

Packard
Simonson
Stevens

. W.
. Ge
. D.
. P.
. E.
. S.
. W.
. T.
. S.
. D.
. C.
. E.
. B.
. L. Wissmiller

. Humble Pipe Line Co.

. _Humble Oil and Refining Co.

. .General American Transporlatlﬁﬁ Corp
... Sinclair Refining Co. o

Humble Oil and Refining Co.

The Atlantic Refining Co.
Standard Qil Co. of California
Richfield Qil Corp.

Sun Qil Co.

Graver Tank and Manufactunng Co.
Shell Oil Co.

. Phillips Patroleum Co.

Chicago Bridge and Iron Co.

.. New York, N. Y.

New York, N. Y.
New York, N. Y.
Whiting, Ind.

- Toronto, Ont., Canada
.Cleveland,

Ohio

.. Ponca City, Okla.
. New York, N. Y.
.New York, N. Y.

Houston, Texas

Toronto, Ont., Canada
Houston, Texas

.. . Philadelphia, Pa.
.. San Francisco, Calif.
.. Wilmington, Calif.

Florham Park, N. J.

.. Philadelphia, Pa.
... Palatine, Ill.

.. Bartlesville, Okla.

.. Palatine, Il

. Houston, Texas

. Baytown, Texas
. Tulsa, Okla.

Chicago, Il

.New York, N. Y.
. Philadelphia, Pa.
. San Francisco, Calif.

Wilmington, Calif.

__Philadelphia, Pa.

East Chicago, Ind.

‘New York, N. Y.

Bartlesville, Okla.
San Gabriel, Calif.
Chicago, Il

Former Committee Memhers Who Assisted in Preparation of this Bulletin

Bridgeman
Brown
Creel .
Dowdell .
Frick L
Hammond . ..... ..... .
Hart

Kropp
Ma

rtz.
Miller
Perkins .
Pierson. . . ... ............... ..
Wagner .. ... ...

......
------------------
||||||

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

. C.
 H.
. H.
. H.
= o
. P,
. M.
. P.
. W.
o -
. 0.
A,
. F.

. Texaco Inc.

.. Phillips Petroleum Co.
. Tidewater Oil Co.
.. Phillips Petroleum Co. .
. The British American Qil Co.,
.. The Atlantic Refining Co.
.. Amerada Petroleum Corp

Ltd.

Standard Oil Co. (Indiané)
The Standard Oil Co. (Ohio)

.Esso Standard Oil Co.

The Atlantic Refining Co.

---------------

General American Trampo:tatmn Corp

cvvvevevvve......The Atlantic Refining Co. . .
NOTE: Draft of text was prepared by A. F. Fino, Dorcon, Inc., Warren, Pa.
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Bartlesville, Okla.

‘New York, N. Y.

Bartlesville, Okla.
Toronto, Ont., Canada

Dallas, Texas

Tulsa, Okla.

.. Whiting, Ind.

Cleveland, Ohio
New York, N. Y.

.. Dallas, Texas

New York, N. Y.

. Chicago, Ill.

Philadelphia, Pa.






Order No. 852-25160

1-1700— V62— 2M
1-1700—10/68— 5C
1-1700—1171— 5C
1-1700— 3A74— 1M
1-1700— 4/80— 5C
1-1700— 9/85—2.5C
1-1700— 2/89— 1C (5A)
1-1700— 40— 1C (SA) U
1-1700—1290—1.5C (1E) U
1-1700—11/81— 1C (9C) U
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