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1. INTRODUCTION

In connection with the AEC's nuclear power reactor demonstration pro-
gram, a need exists for research and development work leading toward more ecromical
and more efficient external components for sodium cooled reactors. As part
of this program contracts have been awarded to manufacturers to develop designs
and fabricate prototype models for liquid metal to liquid metal heat exchangers,
liquid metal heated steam generators, and other sodium components. The major
objective of this program is to develop more reliable, lower cost components
for high temperature liquid metal-cooled reactor plants.

A second phase of this long range program is the design and construction
of a test facility that will be capable of subjecting sodium components to both
steady state and transient conditions expected in full size nuclear power
electric generating stations. This report encompasses a design study of
this test facility, including: (1) design criteria, (2) an estimate of time
required to construct, (3) a preliminary cost estimate, and (4) a survey of
existing facilities to be selected by mutual agreement of the Commission and APDA
which would be suitable to accommodate the desired tests.

One of the basic rules of the study was that, whenever possible,
available existing equipment should be utilized, if economically feasible.
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2. GENERAL FACILITY CRITERIA

BASIS FOR SELECTION OF DESIGN

The primary purpose of the Sodium Components Test Facility is to provide
a facility to proof test heat transfer components for use in future atomic power
plants employing liquid-metal-cooled reactors as heat sources. The main object of
constructing and testing models of the heat transport system is to obtain informa-
tion on: (1) fabricability, (2) overall heat transfer and fluid flow performance,
(3) structural integrity, and (4) control response characteristics. The size of
the test facility is arrived at by balancing the cost of the facility against the
information to be gained. As will be established later, considerable flexibility
exists in the choice of model size. A large fraction of the data can be obtained
from 1/h-scale models and a reasonable amount of data from smaller models.

In establishing the design criteria for this test facility, it is
necessary to establish the design criteria for future components. It would ap-
pear to be a simple matter to design a facility that would be capable of testing
equipment under all operating conditions that can reasonably be anticipated, how-
ever, to be practicable, the cost of the facility must be evaluated in arriving
at the design conditions. The principal criteria that affect the cost of the fa-
cility are: (1) the heat transfer capability of the facility, (2) the maximum
sodium temperature of the facility, and (3) the maximum sodium flow capability of
the facility.

The effects of these factors on the cost of the facility were evaluated
in arriving at the design, based on the availability of one 35-MW oil-fired sodium
heater and four 3300-gpm electromagnetic pumps. The cost of the test cells, con-
trol room, auxiliary equipment, office space, locker facilities, and operating
controls remains relatively constant, regardless of the size of the facility. In
reviewing the cost of 35-MW facility, which is estimated in this report, it is
seen that the portion of the plant in which the cost is dependent on the size of
components represents approximately h5% of the total cost of the facility. It
should be noted that this cost does not include the value of the 35-MW oil-fired
sodium heater or the E.M. pumps which are available to the Atomic Energy Commission.
Thus, for any reduction in size of the facility below 35-Mw, the reduction in cost
is less than the additional cost required for any increase in the size of the fa-
cility above 35 MW. It is estimated that the present value of the 35-MW heater
is $1,000,000. The inclusion of the cost of the heater will add approximately 30%
to the cost of the facility. Any increase in size above 35 MW will add an ap-
preciably greater cost to the facility. Any reduction in the size of the facility
below 35 MW will not reflect a change in the heater cost because it would still be
advantageous to the AEC to utilize the 35-MW heater. In addition to the effect on
the capital cost of the facility, size will directly affect the cost of fuel for
operating the facility. Based upon an equivalent full-load plant factor of 30%,
it is estimated that the fuel cost for a 35-MW facility will be $400,000 a year.

The principal item affecting the cost of the test facility designed for
operation at the maximum sodium temperature is the increase in cost of the oil-
fired sodium heat exchanger. Operation of the presently available oil-fired heater
is limited to 1100 F. Therefore, an increase in operating temperature to 1200 F
will require an additional oil-fired heater whose cost is estimated to be $250,000,
or 9% of the total cost of the 35-MW facility.
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The other factor that affects the cost of the facility is the maximum
sodium flow capability. The four electromagnetic pumps available to the AEC are
capable of pumping the coolant required for operation at a heat level far in ex-
cess of 35 MW. Only two pumps are required for operation at 35 MW. Therefore,
increasing the flow capability of the facility beyond the capacity of two pumps
results in additional cost principally due to the increased size of the primary
and secondary sodium piping and the cost of two additional controllers for the
other pumps. The cost of increasing the flow capability of the facility from
3000 gpm to 6000 gpm is approximately $210,000, or an 8.5% increase to the cost
of the facility. After careful consideration of the above effects on the cost
of the facility and consideration of the future potential capability of the fa-
cility, the following design criteria were selected:

Maximum steam pressure and temperature 2200 psi
1050 F

Maximum temperature of primary and secondary
sodium systems 1200 F

Minimum temperature rise of the sodium systems 300 F

Heat transfer capability of the facility 35 MW

Maximum flow capability of primary and
secondary sodium systems 3300 gpm

The basis for the selection of these design conditions is as follows.

Maximum Steam Pressure and Temperature

The present state of the art of liquid metal heat transfer equipment is
in its infancy. Therefore, it is extremely difficult to predict the design con-
ditions of economic units of the future. One method for estimating future de-
velopments is to evaluate past accomplishments, which in the case of liquid metal
heat transfer systems is quite limited. Fortunately, there is a similarity in
concept between liquid metal heat transfer equipment and conventional heat trans-
fer equipment in use in fossil fuel-fired power plants. This similarity does fur-
nish a reasonable method for estimating future developments.

The prime factor in selecting the maximum operating pressure and tem-
perature of any type of power plant is an economic evaluation between the in-
creased capital cost of the equipment and the increased efficiency of the plant
due to the higher operating temperature and pressure. When the operating pressure
and temperature of a plant are increased, either the wall thickness of pipes,
tubes, and related equipment must be increased to withstand the increased tempera-
ture and pressure or these items must be fabricated from a material having a higher
allowable strength at the higher temperature. In either case, the cost of this
equipment is appreciably greater than the cost of similar equipment for operation
at the lower temperature. Thus, increasing the operating temperature and pressure
increases the cost of the steam generation equipment.

Another result of increasing the operating pressure and temperature is
a decrease in the maximum size of heat exchanger equipment that can be fabricated.
The use of smaller equipment results in an increased total cost because more
units are required and larger buildings are needed to contain the additional
units. The size of liquid metal heat exchangers is usually limited by the thick-
wall tube sheets and steam heads that are located in the area of highest pressure
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and temperature. To illustrate how an increase in temperature decreases the
strength of common materials of construction, the design allowable stress for
2.25% Cr-l% Mo steel is tabulated below as a function of temperature.

Allowable Stress - 2.25% Cr-l% Mo Steel
Metal From Unfired Pressure Vessel Code,

Temperature, 103 lb/in.2

F Plate or Tubing Forging

100 - 800 15.0 17.5
850 ih.h 16.0
900 13.1 14.0
950 11.0 11.0
1000 7.8 7.8
1050 5.8 5.8
1100 .2 4.2
1150 3.0 3.0
1200 2.0 2.0

From this tabulation it can be seen that the allowable design stress at 950 F is
2.6 -- fold higher than that allowed at a temperature of 1100 F. Steam is pro-
duced at 900 F or 1050 F when the metal temperatures in the heat exchangers are
at 950 F or 1100 F, respectively. In essence, this means that the maximum
diameter of a tube sheet in a heat exchanger producing steam at 1050 F will be
62.5% of the maximum diameter of a tube sheet in a unit producing steam at 900 F.
Because the thickness is inversely proportional to the square root of the stress
and the flow area or size of the unit is a function of the diameter squared, the
units for generating steam at 1050 F will be approximately 38.5% of the size of
the largest unit for generating steam at 950 F. Increasing the steam pressure
from 1200 psi to 2400 psi results in a reduction in area of approximately one-
half because the maximum diameter is a function of the square root of the pres-
sure and, as previously stated, the size or flow area is a function of the square
of the diameter. There is, however, a compensating factor in that increasing the
pressure decreases the specific volume of the steam and, consequently, the same
velocity permits twice the flow for the same unit area. Thus, increasing the
pressure does not markedly affect the maximum rating of unit.

It can be seen that while the effect of increasing the operating tem-
perature of a heat exchanger results in both a reduction in the maximum size of
a unit and an increase in the thickness of both the shell and tube bundle, a
change of pressure affects only the bundle portion of the unit and not the shell.
A reduction in size of heat exchanger due to operation at increased temperatures
results in a very marked increase in the capital cost of a liquid metal plant be-
cause of the additional coolant loops required.

Without a careful study and evaluation, it is impossible to arrive at
optimum temperature and pressures for a nuclear plant. One nebulous factor that
must be considered in arriving at this optimization is the cost of fuel. However,
it is obvious that atomic power plants must compete with conventional power plants
that are now operating with temperatures as high as 1100 F and pressures in the
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2200- to 2500-pound range. The selection of these conditions for conventional
plant operation was based on fuel costs of 3 to 3.5 mills/kwhr and on present-
day material technology. In evaluating fuel cost, the lower value of 3 mills/
kwhr was used.

The most common material in use today in liquid metal steam generators
is the 2.25% Cr-l% Mo steel. There is very extensive information available on
the use of this material in steam service at temperatures as high as 1200 F, but
information on the use of this steel for sodium service is limited to temperatures
below 950 F. The results of short-term corrosion testing in sodium indicate that
this steel decarburizes at temperatures in excess of 950 F. Because the effects
of this decarburization on cyclic fatigue are not well known, the maximum tem-
perature on the sodium side of the steam generator today is limited to 950 F.
Thus, the present-day maximum temperature with conventional materials and present-
day knowledge is known, and it is possible to extrapolate to likely future con-
ditions.

An idea as to what may be possible in the future can be arrived at by
looking at the development work under way at Alco Products and Griscom-Russell on
steam generators operating with steam at maximum temperatures of 1050 F. The
Alco development program revolves around the use of Type 316 SS, a conventional
material. This material is suitable for service on the sodium side at tempera-
tures in excess of 1200 F but is limited in its use on the water side because of
its susceptibility to short-term rapid stress corrosion in the presence of
chlorides or hydroxides. To solve the problem of the water side corrosion, Alco
is developing a technique for coating or bonding the water side of the Type 316
SS with materials, such as Inconel or nickel, to protect the steel from stress
corrosion. The work at Griscom-Russell deals with the use of 2.25% Cr-1% Mo
steel. This material is being tested in sodium to determine the extent of de-
carburization and to establish the limitations of the decarburized material. In
addition, a program is under way to inhibit decarburization of this steel. Suc-
cess in any of these endeavors will result in the elimination of the 950-F limi-
tation.

Once the limitation on maximum temperature of the sodium side is
eliminated, consideration then shifts to the economics of increasing the tempera-
ture. Both Alco and Griscom-Russell have indicated that the largest size unit
that could be fabricated to generate steam at 1050 F is of the order of 70 MW.
As a comparison, using the chrome-moly steels and reducing the steam temperature
to 900 F increases the maximum size unit to approximately 250 MW. It can be seen,
therefore, that there is a reduction in size of approximately 4 to 1 in going
from a pressure of 1h50 psi and a temperature of 900 F to a pressure of 0.200 psi
and a temperature of 1050 F.

To determine the effect on economics of increasing the steam tempera-
ture, a base plant generating steam at 150 psi and 900 F was compared to a plant
generating steam at 2400 psi and 1050 F. In both cases, the reactor plant had a
capacity of 775 Wt at a fuel cost of 3 mills/kwhr (electric), a fuel savings
capitalization value of 12%, and a plant factor of 80%. The net plant output of
the base plant was 290 MWe, and the other plant had a net output of 290 MWe,
showing a net gain of 7 MWe. The capitalized value of this gain is $3,020,000.
The cost of the steam generators for the 900-F steam conditions was estimated to
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be $2,200,000. Using the Griscom-Russell costs for a similar-type steam gene-
rator producing 1050-F steam, the cost of steam generators is approximately
$5,325,000. Because of the increase in the number of units required by approxi-
mately a factor of four, the cost increase of the steam generator building and
interconnecting piping for the multiple units is approximately $1,000,000. The
increased steam temperature and size of the turbine-generator portion of the
plant result in an increased cost of $1,000,000.

From this comparison, it can be seen that the increased cost of the
plant is $5,125,000, while the value of the increased output is only $3,020,000.
Thus, based on present-day units, it would appear uneconomical to increase the
steam temperature to 1050 F.

The difference in cost is not great enough, however, to say that with
future improvements in the cost of steam generators, the 1050-F temperature range
cannot be economically attained. It should be noted that if the most advanced
design of steam generator (Griscom-Russell bent-tube once-through unit) was used
in this evaluation, the incremental cost of the steam generator would be about
$1,000,000, thus reducing the total incremental cost of the plant to $3,000,000,
while the incremental value of the power remained at $3,020,000. Thus, it ap-
pears that 1050-F steam conditions are economically attainable in the future, and
the facility was designed for this temperature. A similar comparison was made
for a plant in which the steam pressure was varied between 11450 psi and 2100 psi
using a steam temperature of 900 F. This comparison showed an increase in net
plant output of approximately 4 MWe, the capitalized value of which is $1,100,000.
The turbine-generator portion of the plant will have an increased cost of
$280,000. The increased cost of steam generators is $650,000, resulting in a
total increased plant cost of $930,000. This indicates that a pressure of 2400
psi is economical and, therefore, the facility was designed for this pressure.

Maximum Temperature of Primary and Secondary Sodium Systems

A maximum steam temperature of 1050 F would require a maximum secondary
sodium temperature of at least 1100 F and a maximum primary sodium temperature of
1150 F to 1200 F. On this basis, the maximum operating temperature of the fa-
cility was selected at 1200 F. To maintain as much flexibility as possible in
the use of the facility, both the primary and secondary sodium systems were de-
signed for the same temperature. It should be noted that the effect of using a
higher temperature on the secondary sodium system did not result in any change in
cost since the piping wall thickness was not determined by allowable stress but
is the minimum wall thickness for the diameter of pipe selected.

If the 900-F steam temperature was considered as the maximum tempera-
ture of the facility, it would still be extremely desirable to have at least an
1100-F capability of the facility for the following reason: It appears that a
significant reduction in the intermediate heat exchanger costs can be obtained
by increasing the temperature difference between the primary and secondary sodium
systems (the log mean temperature of the heat exchanger) to as much as 150 F.
The surface requirement of the heat exchanger is inversely proportional to the
mean temperature difference. Thus, increasing the mean temperature difference
from 50 F to 150 F will result in about a two-third reduction in area or a saving
of approximately $1,000,000 in heat exchanger costs. The effect of raising the
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operating temperature 100 degrees does not result in axl increased tube thickness
since the tubes are still the minimum thickness required for fabrication. The
tube sheet and shell will increase in thickness similar to the previously men-
tioned effect on steam generators, resulting in an increased cost of abot
1250,000 at the higher temperature. Thus, it can be seen that even if the lowest
steam temperature was selected, it appears economical to have primary sodium
temperatures as high as 1100 F.

The selection of 1200-F design condition for the facility instead of
the 1100-F condition results in an increase in cost of approximately $250,000.
Because both the higher steam temperature and the effect of increasing the mean
temperature of the IHX affect substantial savings, it appears justifiable to de-
sign the facility for 1200-F sodium temperature.

Minimum Temperature Rise of the Sodium Systems

In optimizing the cost of the IHX and steam generator equipment for a
plant operating with a primary sodium temperature of 1200 F to produce steam at
2200 psi and 1050 F, both Griscom-Russell and Combustion Engineering established
a primary sodium temperature rise of 300 F and a secondary sodium temperature
rise ranging from 350 F to 100 F. Based on these evaluations, the minimum
temperature rise of 300 F was selected.

Heat Transfer Capability

The largest single factor affecting the cost of the facility is the
heat transfer capability. To select the proper size for the facility, serious
consideration must be given to the expected size of plant components that are
to be prototyped. It is anticipated that plants of the future will have a
thermal capability of 775 itr. It will be economical to use heat transfer com-
ponents of the largest possible size. At the present time, the largest steam
generator that can be fabricated to produce steam at 900 F has a capacity of
250 I1 of heat. In studying steam generator units to produce steam at 1050 F,
both Alco and Griscom-Russell established the capacity of the largest unit at
approximately 70 W. Therefore, it can be established that size of future steam
generators, based on our present knowledge, will probably range between 70 IM
and 250 MW. The next consideration is how small a prototype will effectively
proof test components in this size range.

The object of constructing and testing the models is usually to es-
tablish and prove the following:

1. Fabricability of unit as designed.

2. Heat transfer performance of the unit including the effects
of baffling and flow distribution.

3. Structural integrity of the unit both under steady-state and
transient conditions.

h. Control response characteristics of units.

5. Pressure drop characteristics of units.
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Unfortunately, it is impossible to obtain and prove all of these charac-
teristics when the unit is smaller than full size. Scale models of heat exchangers
designed with essentially unitized construction will probably furnish almost all
the above information. An example of such construction is the Combustion Engi-
neering design of steam generators and intermediate heat exchangers. These units
are constructed essentially of groups of individual heat exchangers, consisting
of a tube within a tube to make up a full-size unit. A small prototype of these
units could effectively prove out all of the above characteristics, with the
exception of flow distribution which is affected somewhat by the size of the
model.

In the case of the more conventional tube-and-shell heat exchangers, a
reduction in size usually means that some of the above information is lost. An
example of this is an ordinary tube-and-shell heat exchanger with fluids in a
counterflow. Here, the size of the model can be reduced without changing the heat
transfer characteristics and pressure drop characteristics from those of the full-
size unit. This can be accomplished by maintaining the same tube-and-shell side
velocity in the model as in the full-size unit. The velocity can be duplicated by
scaling the diameter of the prototype proportional to the square root of the scale
factor while maintaining the length at full-size. Steady state pressure stresses
can also be duplicated by scaling material thickness proportional to the square
root of the scaling factor. Thermal stresses do not scale down with thickness;
and, therefore, it is necessary to decide whether to design the prototype to
reproduce pressure stresses or thermal stresses. The heat capacity effect that
is diminished in reducing shell and tube sheet thicknesses also affects control
response to a much smaller degree because the overriding effect is produced by
the tube side of the unit which is accurately duplicated. A careful review of
a particular design is necessary to arrive at the size of a prototype which will
give the maximum information. Usually 1/h-scale prototype will reasonably model
heat exchangers of this type.

Another type of heat exchanger that can be considered in prototyping
is the one that involves cross-flow baffling. With this type, it is extremely
difficult to maintain any of the structural effects of heat transfer performance that
is to be exactly duplicated. An example of such a unit is the Alco bayonet tube
evaporator. If an attempt was made to scale down this unit in the same manner as
the pure counterflow unit is scaled down (i.e., by reducing the diameter of the
shell and the number of tubes correspondingly, while maintaining the length of
the same as the full-size unit), the following occurs:

1. If the size of the baffle pitch is maintained the same as in the
full- size unit and the flow is reduced to one-quarter full flow,
the velocity on the shell side will be approximately one-quarter
full velocity. Because the liquid metal heat transfer coefficient
is a function of velocity and the boiling coefficient on the water
side is dependent to some extent on the sodium side coefficient,
both the heat transfer characteristics of the sodium side and the
water side will not be duplicated.

2. The ability to reproduce structural characteristics will be similar
to that experienced in modeling the pure counterflow-type heat
exchanger.
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The above analysis indicates that more than one model is required to
prototype heat exchangers of this type. An example of this would be the use of
a pie-shaped section of the full-size unit to duplicate heat transfer and flow
characteristics and a scaled-diameter model to prototype structural characteris-
tics. An alternate approach is to test the full-size unit at approximately half
load and extrapolate the heat transfer characteristics to full load, meanwhile
obtaining all the structural characteristics of full-size unit.

Another consideration that can be used in selecting the size of the
prototype is the result of past experience with prototypes of heat exchangers
for liquid metal plants. The only experience on such steam generators has been
obtained from the APDA 1-MW and the Mine Safety Appliance 3-MW test facilities.
The units tested in the APDA facility were of the pure counterflow tube-and-
shell type. The two units tested were a U-tube and shell steam generator and a
bayonet-tube heat steam generator of the once-through type. The models were
designed to duplicate heat transfer characteristics. Because the models were
1/150 of the full-size unit, they did not accurately model the structural charac-
teristics.

An accurate comparison between the model and the full-size bayonet-tube
steam generator is not available because the full-size unit was never constructed.
Because the SRE steam generator had characteristics sufficiently similar to those
of the U-tube steam generator tested by APDA, it could be considered the full-
size unit for this model. In this case, the model was approximately 3% of the
full-size unit, which was 30 MW.

As a prototype of the SRE unit, the APDA U-tube steam generator could
be considered a failure as far as flow characteristics were concerned. It was
predicted that in once-through units of this design operating in the horizontal
position, a slight unbalance in flow distribution on the water side would be
magnified to produce an even greater flow maldistribution. This flow maldistri-
bution was based on the theory that slight reduction in flow in one of the tubes
or in sections of the heat exchanger would result in a greater quantity of steam
being produced in that tube or section of the exchanger. This would increase the
relative resistance to flow, further reducing the flow in this section and pro-
ducing a marked unbalance in flow distribution. It was also believed that such
an unbalance on the water side of the unit would tend to produce a similar un-
balance on the sodium side of the unit, again tending to magnify an increase in
the maldistribution on the water side. It was reasoned that the lower quantity
of heat transferred in the tubes having the reduction inflow would cause the
temperature in this section of the shell side to be higher than the temperature
in the section where flow was above normal. This increase in temperature would
reduce the viscosity and density of the sodium and thus increase the flow on the
shell side on the portion where the lower steam flow was occurring inside the
tubes, thus further increasing the temperature in this section. This would tend
to further reduce the steam flow in the tubes that were already being starved.
This predicted effect actually developed in the 30-MW SRE unit, with a marked
flow stratification on both the shell-and-tube sides. The model did not indicate
flow maldistribution. The small size of the model tended to even out the heat
transfer between the 7 tubes via conduction; and the effect of gravity, which
produced the initial unbalanced flow in the SRE units, was negligible on the
model because of its small size. It can be concluded from this test that a 3%
model was too small to prototype a 30-MW unit.
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The model work done at Mine Safety Appliances tested 10% models, and
though detailed information on the performance of full-size units is not avail-
able, it is believed that these models effectively reproduced the full-size unit.
These units had utilized construction and did lend themselves very readily to
prototyping. It can be concluded from the limited amount of past experience that
a 31 model of the pure counterflow type unit is unsatisfactory and that a 10% model
of a unitized construction type of unit is satisfactory. Because the unitized con-
struction heat exchanger is the simplest type to model, it can also be concluded
that the minimum sized model should be no less than 10% of the full-size unit.
eased on these conclusions, the facility should have a minimum capability of 25 MW
in order to adequately test prototypes of future units of 250 MW capability.

In reviewing the units resulting from the AEC High Temperature Liquid
Metal Studies, the following conclusions as to minimum size of prototype were
reached. It should be understood that these conclusions are extremely preliminary
and it is recommended that the manufacturers be consulted in selecting the final
size of the prototype.

1. Griscom-Russell bent-tube type of steam generator can be modeled
at approximately 1/h-scale or 18 MW. This selection of model
size was based on the fact that this unit could be prototyped by
scaling down the diameter while maintaining the length at full-
size.

2. The Alco intermediate heat exchanger is a crossflow unit and,
therefore, a difficult unit to scale down. Considering the cost
of testing two models as opposed to testing the full- size unit at
half load, it is felt that maximum information will be obtained
from the full-size unit operated at half load. In order to ac-
complish this, the facility will require a heat capability of 35 MW.
By increasing the flow capability of the primary loop from 3000 gpm
to 4000 gpm at a cost of approximately $50,000, this unit could be
tested at full load as a regenerative heat exchanger with a heat
transfer requirement on the facility of only 10 MW. It should be
noted that the increased flow has not been incorporated into the
facility.

3. The Alco evaporator is also a crossflow unit; and because of the
heat transfer effects on boiling circulation rates, it is even
more difficult to scale down than the intermediate heat exchanger.
Because of these difficulties, it is recommended that this unit be
constructed full-size and tested separately from the superheater
at as close to full load as possible. Full flow can be obtained
at a cost of "50,000, as mentioned in the preceding paragraph.
The full-size evaporator has a capability of 40Md ., which is 5 MW
in excess of the capability of the KAPL oil-fired heater. It is
anticipated that the auxiliary heater, which is required to raise
the maximum temperature of the facility from 1100 F to 1200 F, can
easily provide the additional 5 W. An increased cost of approxi-
mately Q30,000 will be required to increase the heat transfer re-
moval capabilities of the water systems. Thus, for a total in-
creased cost of "80,000, the facility will have the capability of
testing both the IHX and the evaporator at full load. Because the
increased cost appears more than justified by the information to be
obtained from testing at full load, it is recommended that the
facility be expanded to include these provisions.
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h. The Alco superheater is also a crossflow unit. However, the ac-
curate duplication of the sodium side coefficient is not as critical
on the overall performance of this unit because the controlling
resistance to heat transfer is on the steam side. It is anticipated
that sufficient information will be obtained on the sodium side
coefficient from the testing of the IHX and evaporator. Duplicating
this information in the case of the superheater does not appear to
be worthwhile. For this reason, it is felt that the superheater
could be scaled down to approximately 50% of full-size and tested
at 50% full load or the full-size unit could be tested at 50% full
load. In either case, the combined superheater and evaporator can
be tested at approximately half load or 35 MW.

From the previous discussion, it can be seen that if the facility were
sized purely on the basis of the maximum size of future units anticipated and on
the minimum size model, the capability of the facility would be approximately
25 MW. If the facility were sized to provide maximum information on the units
now under study by Alco and Griscom-Russell, the capability of the facility would
be approximately 35 MW. The difference in cost between a facility having a
capability of 25 MW and a facility having a capability of 35 MW is approximately
3350,000. Considering the fact that 25 MW is a minimum capability for models having
simple counterflow construction and considering the possibility of cross-flow
units of larger size than 70 MW, it is felt that a 35-MW capability can be
justified on the basis that it is needed to test the Alco units and may be required
to test similar future units. Therefore, the facility was sized at 35 MW.

Maximum Flow Capability of Primary and Secondary Sodium Systems

Based on the maximum heat transfer capability of 35 MW and the minimum
temperature rise of 300 F, the maximum flow capability was established at 3000
gpm. The only requirement that would tend to increase the flow would be the
ability to test the Alco intermediate heat exchanger and the Alco evaporator at
full load and flow. This type of test would require a flow of approximately
000 gpm. The facility, as designed, can accommodate this flow by adding an

additional pump in parallel, a controller for this pump, and additional inter-
connecting piping. The cost of installing the additional pump and controller is
approximately 135,000, and the cost of additional interconnecting piping is
approximately $15,000, resulting in a total additional cost of $50,000.

FLEXIBILITY OF OPERATION

The following components will be tested in the test facility:

1. Sodium-to-sodium heat exchangers.

2. Sodium-to-water steam generators.

3. Valves and throttling devices.

4. Flow indicators.

5. Pressure indicators.

6. Other instruments or components which may be developed.
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Contracts have been awarded for the purchase of two sodium-to-water
steam generators, one sodium-to-sodium heat exchanger, and some miscellaneous
smaller components. The arrangement of the facility will provide for concurrent
testing of one sodium-to-sodium heat exchanger and one sodium steam generator.
The facility layout is such that the second sodium steam generator can be in-
stalled in an' adjacent test cell and is capable of being connected to the secondary
sodium system for testing with a minimum of outage time. This will allow inspec-
tion or maintenance work to be done on one steam generator while testing of a
second unit. The arrangement does not allow instantaneous switching of generators
(by the installation of dual valves, electrical circuits, etc.) but is so arranged
to provide for connecting future equipment for testing.with a minimum number of
piping cuts, rewelding, instrument changes, wiring changes, etc.

The testing of the smaller sodium components will be conducted in
separate or bypass loops from the main heat exchanger test loops in order to
maintain continuity of testing. Capped connections are provided in both the
primary and secondary sodium loops for the installation of future components
for testing. The testing cells, primary and secondary sodium piping, steam and
water piping, instrumentation, etc. are arranged in the facility so that the
components can be easily changed between test setups.

TEST FACILITY TRANSIENTS

Because the transient conditions to be imposed on the sodium components
comprise a major segment of testing requirements for this facility, various ex-
pected thermal transients of a number of sodium cooled reactor plants are listed
here for convenient reference. These conditions are listed in Tables 1 through
5 for the Hallam Nuclear Facility, Experimental Breeder Reactor II, Sodium
Reactor Experiment, Enrico Fermi Plant and the Plutonium Fast Fueled Breeder
Reactor (PFFBR).

The various plant thermal transient conditions and causes listed in
Table I through 5 are typical of those conditions expected for the different
categories of reactor plant characteristics and arrangements. The test facility
is to be designed to include equipment necessary to simulate and withstand these
expected transients. Methods of simulating these transients are given in the
section entitled TRANSIENT CONDITIONS SIMULATION.

Transient conditions fall into two classes (1) those which will be
simulated with predetermined temperature rates, and (2) those which can occur
unexpectedly during normal operation of the test facility. Transient conditions
to be simulated can be obtained by operating with precalculated data; however,
the intrinsic characteristics of the intermediate heat exchanger, piping, steam
generators, etc., such as time lags, mixing volumes, and thermal baffling, will
cause deviations as a result of strict controlled transients. The net result
would parallel those of a reactor plant of similar nature. For example, the
case of a reactor scram where the sodium heater bypassing can give any desired
temperature reduction rate at the IHX inlet and the feedwater flow rate can cool
the plant as desired. The temperature transient attenuation in the units and
piping will set the conditions of sodiwii temperature transient rates at points
within the system. For final test facility design, the unexpected transients
must be investigated to insure compatibility with equipment design.
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Action and Cause M. of Cycles

1. Reactor Scram 500@ 1000 F Reactor outlet temperature
simultaneously reduce flow rate of
all pumps to emergency requirements

a. power Failure
b. Pump Failure
c. False control signal
d. Excess Feedwater

2. Reactor Shutdown
Primary pump stops,

H- secondary pump continues to run

3. Reactor Shutdown
Secondary pump stops, primary
pump continues to run.

TABSL 1

Hallam Nuclear Facility Thermal Transients for Design

IhI Primary Inlet IHX Primary Outlet IHX sec In IHZ sec out
Rate AT Rate AT Rate A T Rate A T
(F/sec) (F) (F/sec) (F) (F/sec) (F) (F/sec) (F)
-0.167 95 -8.6 76 -3 36 -0.167 95

.0.084 U5 -0.084 115

-0.042 237 -0.042 237

5 Remains at 1000 F -8.6

5 Remains at 1000 F +32

S.G. sec inlet
Rate Q ?
(F/sec) (F)

-0.167 95

-0.0811 115

-0.042 237

76 -3 36 -36 361 -36

316 -fl 314 +5 50 +5

S.G. sec outlet
Rate 1 T
(F/sec) (F)

-3 36

361 -3 36

50 -n 34

4. Normal Operations: load changes through a full range of 15% to 100% load

a. Full range ramp: + 5% (of full load value) per minute from 20-100% load.

b. Short time ramp: + 20% (of full load value) in one minute.

c. Step change: + 10% (of full load value).



TABLE 2

Experimental Breeder Reactor II - Thermal Transients for Design

Action and Cause No. of Cycles IHIX Primary Inlet
Rate 4\T
IF/sec) (F)2

IHX Primary Outlet
Rate T
(F/sec) (F

S.G. Secondary Outlet*
Rate 4T
(F/sec) (F)

1. Reactor Scram
Simultaneously reduce flow
rate of all pumps to emer-
gency cooling requirements.

a. Power Failure
b. Pump Failure
c. False control signal
d. Excess Feedwater

2. Primary Sodium Pump Failure.
Reactor shutdown.

3. Secondary Sodium Pump Failure.
Reactor shutdown

h. Reactor Scram
Secondary pump remains in
operation.

1000

'4

-60
-30
-20

-5
-0.111

+5

60

60

40
20
10

-10
-2

-3

80
120

+40 (max.) 200

(90% of temperature
change occurs during
the first five sec.)

'4 -7
-30 gradual decrease

over long period

*All are secondary sodium leaving the superheater.

H
GO

150
30

180
Isothermal

14o



TABLE 3

Sodium Reactor Experiment Thermal Transient! for Desigi

Action and Causes No. of Cycles

1. Reactor scram 0 1200 F
simultaneously reduce flow
rate to all pumps.

2. Reactor power, primary pump
immediately shutdown, secondary
pump keeps running.

3. Reactor power and secondary
pump shutdown, primary pump
continues to operate.

500

5

S

IHI Primary Inlet
Rate AT
(F/aec)

-0.205 184

-0.090 2142

No change

No change

IHX Primary Outlet

Rate d T
(F/sec)

step change -47

step change -47

IHX Secondary Inlet

Rate Q T
(F/sec)

No change

step change

step change +1115 No change

IHX Secondary Outlet
Rate Q T
(F/sec)

-1.08 321

-0.070 189

-47 step change -415

step change +47

Notes IHZ secondary inlet is'the same as steam generator outlet.
IHZ secondary outlet is the same as steam generator outlet.
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EVENT ACTI4I

1. Complete power failure. Immediate scram.

2. One primary pump fails None, other loops
(or any component.) Check keep running.
valve works and second-
ary pump and feedwater
valve shut down in this
loop.

TABLE 4
Fer I Abnormal Thermal Transients for Design

SHOCK

Estimated RU Inlet IHZ Pri.Inlet IHZ Pri.Outlet IHI Sec. Inlet IU Sec.Outlet SO Na Inlet SO Na Outlet Remarks
Frequency Rate T Rate Q T Rate A T Rate 4 T Rate AT
(in 10 yrs) (F/sec) (F) (F/sec) (F) (F/eec) F) (F/sec) (F) (F/sec) (F) (F/sec) (F) (F/sec) (F)

1 +10.8 +30 0 0 -14.9 -50 0 0 -6.9 +50 0 0 -13.2 -80 *Estimated values, a
+2.8 +30 +2.9 +20 -3.9 -60 all other values

were obtained
from computer
studies

30 -1.7 -30 -12.8 +40 0 o -5.2 -140 +1.5
-1.5 -20

+4o +1.4 +40 -5.7 -30
-1.5 -30

3. Onerimay fails None: other loops 1with the check vave in keep running.
this loop also failing,
resulting in reversed
flow in this loop. Sec-
ondary pump and feedwater
valve shut down in this
loop.

O 4. Control rod is withdrawn Scram at 1000 F with 10
at full power. all pumps running.

5, alse control signal. Immediate scram with 30
all pumps running.

6. Loss of feedwater flow. Scram at 1000 F with 1
all pumps running.

-44.0 -1110
-13.8 -160

+17.5 -130 -8* -200* -.4* -200* The second set of
-10.0 -120 numbers in each

instance indicates
the changes in the
rate of the listed
transient.

-6* -150* -15* -100* -6* 150* -12* 150* -9*
-4.0* -200*

-7.0 -80 -14.7 -180
-2.3 -80 -3.1 -230 -6.4 -120 -10.7 -140 -8.5

+20* +150* -15* -100* +25* +100* +30* +300* +5*
-5* -50* -4* -200* -5* +50* -10*

-150* -8* -150* -16* -150*

-120 -7.9 -150 -11.6 -100

+60* +3.1 +50 +30 +300
-150*

*estimated value,



TABLE 5

PFFBR Operating Thermal Transients for Design

Action and Cause

1. Scram @ 1000 F Reactor Out
Simultaneously reduce flow
rate of all pumps to emergency
requirements

a. Power Failure
b. Pump Failure
c. False Control Signal
d. Excess Feedwater

2. Scram @ 1100 F Reactor Out
Simultaneously reduce flow
rate of all pumps to emergency
requirements

a. Control Rod Withdrawn
at Full Power

b. Loss of Fluid Flow &
Scram

,3.* Scram at 1000 F Without Flow Decay

R. 4. Loss of Feedwater, followed by
H scram and reduced flow when

reactor outlet reaches 1100 F.

5. 50% Increase in Feedwater Flow

Reactor Inlet IHX Primary Inlet IHX Primary Outlet IHZ Secondary Inlet IH Secondary Outlet S.G. Na Inlet S.G. Na Outlet
No. of Rate AT Rate QAT Rate &T Rate 46T Rate Q T Rate .4T Rate 4 T

Cycles (F/sec) (F) (F/sec) (F) (F/sec) (F) (F/sec) (F) (F/sec) (F) (F/sec) (F) (F/sec) (F)

300 -1.0 -200 -1 -250 -1.0 -200 -1.5 -200 -2.0 -250 -2.0 -250 -1.5 -250

5 -1.5 -300 -20

1 -8

10 +20

-200 -]40o

+300 -12.0

2 -7.0 -80 +11.0

-350 -1.5

-300 -8

-350 +21i

+175 -7.0

-300 -2.3

-250 -15

+300 +30

-80 -25

-200 -3.0

-250 -20

+320 -3.0

-100 +7.0

-300 -3.0 -300 -2.3

-250 -20 -250 -15

-300 -3.0 -300 +35

-300

-250

+350

+150 +7.0 +150 -25 -100
Followed later by

+5.0 +75

*Involves failure of power trip on
ppmps and is presented only as the
basis for the other calculations.



In general, the test facility will be designed to withstand transient
conditions of the various sodium plants listed in this report. For a specific
set of thermal transients we refer to PFp'BR which has the upper reactor pool
volume reduced to a minimum. If the temperature difference across the PFFBR core
is increased to 550 F and the shown temperature transients are increased linearly
by a factor of 55 to 35, then these transient rates could depict those expected
for reactor plants of a future decade. To summarize, the facility will be de-
signed to withstand transients expected for existing sodium cooled plants, tran-
sients expected within the facility due to the design of the test facility, and
transients that could be expected from the type of reactor chosen to be typical
of future plants.
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3. SODIUM CONSIDERATIONS

DESIGN CRITERIA

The use of sodium as the heat transfer media in the test facility
requires special consideration in safety and fire protection because of its high
degree of reactivity with many common materials. An important requirement for
the safe handling of sodium is the recognition of hazards which are most likely
to cause injury to personnel and property damage, and to minimize these hazards
to insure safe, accident-free operation.

The following general reactions and operating situations that may be
encountered will be considered in the design of the facility.

Sodium-Air Reaction

The most common hazard encountered in using sodium is in its reaction
with air. Sodium generally ignites spontaneously in air at temperatures about
239 F. In virtually all high temperature sodium systems, if a leak occurs,
it will result in a sodium fire. Provisions will be made to minimize the possi-
bility of leaks and to extinguish a fire should one occur.

Sodium-Water Reaction

Sodium will react violently with water, generating hydrogen and suffi-
cient heat to ignite the hydrogen in the presence of air. Since this reaction
often results in explosions, areas in which sodium is handled will be as free
as practicable of sprinkler systems, water pipes, and steam lines. In the
absence of air, the reaction between sodium and water results in a rapid generation
of hydrogen which will be vented to prevent a build-up of excessive pressures,
and wherever such a possibility exists, as in a steam generator, provisions will
be made to isolate the bulk of the sodium and/or water.

Fire Fighting

Two of the accepted methods of fighting a sodium fire are (1) the use
of Met-L-X drv powder, distributed by Ansul Chemical Company, and (2) the use of

Pyrene G-1 powder, manufactured by the Pyrene Manufacturing Company. Suitable

fire extinguishing equipment will be provided in all areas where sodium is in use.

Safety Showers

Suitable safety showers will be provided in the facility. These
showers will be located in an area where it is impossible for the slower to be
involved in a sodium spill. Safety showers will be of the quick opening type
which provide a large volume of water to remove as quickly as possible any alkali
metal remaining on the body.

EQUIPMENT DESIGN

To minimize the hazards of operating a sodium system, precautionary
measures in the design and operation of such systems are essential. Proper
system design, construction, and testing are required to minimize the possibility
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of alkali metal leaks. However, additional precautions in the form of special
auxiliary equipment are also necessary to minimize the effect of leaks which may
occur. The following general consideration will be utilized.

Sump Tank

Sump or drain tanks will be provided for each system and provision made
for rapid dumping of the sodium in an emergency. For a sump tank to be effective,
provision will be made to vent the cover gas. The drain lines and sump tank of
the sodium system will be maintained at a temperature above the melting point
of sodium (208 F) to ensure fluidity at all times. Provision will be made to
prevent cold trapping in thr drain line by maintaining a higher temperature in the
line from the system to the drain valve than in the system cold trap. Of prime
importance is the location of the sump tank which will be the lowest point in
the system and so arranged that the liquid metal will flow by gravity into the
tank.

Drip Pan

Always present in any sodium system is the danger of a spill caused by
equipment failure, resulting in leakage to the atmosphere, causing the sodium to
ignite readily; it burns quietly with incandescense but no flame. Provision
will be made to minimize the effect of spilled sodium until the system can be
drained. Hot sodium spilled on concrete floors can cause the concrete to spall,
thereby scattering burning sodium over a wide area. Metal pans or suitable
containers will be provided to prevent contact of this burning sodium with
concrete floors. These pans also aid in the disposal of residues following a
sodium spill since the pans can be removed to a disposal area.

Isolation and/or Shielding

It is difficult to cite rules or formulae for determining the degree
of isolation or shielding which will insure safe operation of a sodium system.
Such factors as system size, temperature, pressure, type of reactions possible
in the event of equipment failure, and safety factors introduced in system
design will determine the existing hazard of a given system and dictate the
protection required for safe operation.

Alkali metal systems in which equipment failure might result in
violent reactions, such as reactions which occur between high pressure water and
sodium in a steam generator, require complete isolation from personnel and other
equipment. This isolation will be accomplished by the erection of blast walls
to withstand a possible hydrogen-air reaction. Adequate venting facilities to
handle the reaction products will be provided.

Piping Layout Features

Both piping and equipment will be installed with a continuous slope
back to the drain system for ease of charging, venting, draining, and cleaning.
A slope of 1/h-inch per foot is the minimum recommended. Traps or pockets will be
eliminated wherever possible to simplify cleanup and maintenance and to reduce
the number of required vents and drains.

An excellent collection of design information is given in the "Liquid
Metals Handbook, Sodium-NaK Supplement," dated July 1, 1955, published by the
Atomic Energy Commission and the Department of the Navy.



1. SODIUM SYSTEM DESIGN REQUIREMENTS

GENERAL DESCRIPTION OF THE FACILITY

The reference design for a test facility capable of testing liquid metal
heat exchangers, steam generators, and other sodium components to the stated design
conditions is shown on A FDA Drawings 6XN-2708, 6XN-2709, and 6XN-2710 which are in-
cluded herein. Basically, the facility consists of (1) test cells to contain the
components to be tested, (2) a central control area, (3) supporting sodium systems
and required feedwater and steam systems, (4) an outdoor oil-fired sodium heater
and auxiliaries, (5) an outdoor sodium cooler, (6) an office and small maintenance
building, and (7) an oil tank farm for supplying fuel oil for the sodium heater.
The arrangement shown in BUILDINGS is based on an undetermined site and represents
the minimum size buildings capable of containing the facility.

BUILDINGS

The building or buildings required will consist of the following general
areas:

1. Separate test cells containing the heat exchangers and steam gener-
ators to be tested.

2. An adjacent area containing the steam feedwater cycle heat dump

equipment.

3. An adjacent area containing the sodium service systems, such as
cold traps, plugging indicators, etc.

4. An adjacent miscellaneous test area for testing of sodium valves,
instrumentation, etc.

5. A central control room.

6. A sub-grade room containing the sodium storage tanks with unload-
ing equipment above.

7. Office, toilet, locker, and shower facilities suitable for the
operating and engineering personnel.

8. A general maintenance area separate from the operating facilities,
for setup, disassembly, sodium cleaning, and minor maintenance.

For general safety considerations because of a potential sodium spill
and fire or a sodium-water reaction due to equipment failure, the major equipment
to be tested is enclosed in a test cell. The heat exchanger cells are adequate
to completely enclose the equipment to be tested, along with the required sodium
pump, piping, instrumentation, required auxiliaries, etc. The interior walls of
the cells are of reinforced concrete and steel construction and are designed to
contain a major sodium fire within the cell walls, including the areas around the
electrical and piping penetrations, thereby protecting adjacent areas and equip-
ment. Access to the cells is through metal fire doors. The exterior walls of the
cell are of steel and corrugated transite or other comparable siding materials.
A rolling steel door for equipment removal is provided in the exterior wall of
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each cell. An electric motor driven hoist of 5-ton capacity is provided in the
heat exchanger and steam generator cells. A hatch is provided in the roof of the
heat exchanger cells for removal of the IHX or steam generator by a mobile crane.

The area containing the steam feedwater and heat dump equipment is of
structural steel framing capable of supporting the required equipment and structure,
including the required platforms and stairways. The exterior enclosure is corru-
gated transite or other comparable siding.

The areas containing the sodium service systems and the miscellaneous
test area is constructed of reinforced concrete on the interior walls to contain
a sodium fire within the area. The exterior wall of these areas is of steel and
corrugated transite or other suitable siding materials. All main doors to this
area are metal fire doors. A rolling steel door for equipment removal is provided
in the exterior wall of the miscellaneous test area.

The central control room containing the control, recording, and instru-
mentation equipment, and an enclosed washroom containing a lavatory and a water
closet is of structural steel construction with insulated metal siding and an
acoustical ceiling. A central air conditioning system is provided to maintain
desired temperature and humidity control in the control room area only.

The sodium storage area consists of a waterproof reinforced concrete pit
below grade with a concrete floor over the pit. A suitable manhole and ladder for
access to the pit is provided. Also, a sump for installation of a portable sump
pump for water removal is provided.

The office building adjacent to the test building, which includes a
heating boiler and general maintenance area, is of a fireproof structure suitable
for housing a minimum of 15 operating and engineering personnel. Toilet, locker,
and shower facilities and a steam boiler for furnishing heating and general pur-
pose steam to the facility are provided.

PRIMARY AND SECcNDARY SODIUrI SYSTEMS

Purpose

The purpose of the primary and secondary sodium loops is to simulate heat
transfer from a nuclear reactor to a steam generator through an intermediate heat
exchanger. The supporting systems, consisting of an inert gas system and a sodium
service system, function to provide sodium storage, filling, draining, and sodium
purification.

Equipment Required for Sodium Systems

The primary and secondary systems are two non-connected liquid sodium
heat transport loops as shown on APDA Drawing 5XN-2792. The equipment consists of
an oil-fired sodium heater, primary and secondary sodium pumps, piping, e xpansion
tanks, steam generator, and valving. The sodium service system consists of two
plugging indicators, two sodium storage tanks, an oxide removal cold trap station,
two sodium unloading stations, valving, and sodium-water reaction mist separator.

Also included in the primary loop is a circuit with an air cooler and
pump. This circuit is valved to permit operation of the cooler in series or parallel
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with the oilfired sodium heater. The purpose of this circuit is threefold:
(1) it provides a heat sink for the sodium heater during emergency conditions,
(2) control for simulated reactor scram operations, and (3) a heat sink to operate
the intermediate heat exchanger on a regenerative cycle.

Description of Sodium Loop Equipment

An oil-fired sodium heater is used as the heat source in the facility,
simulating the reactor in a nuclear plant. This heater will transfer heat to the
sodium being pumped through a closed loop and returned to the heater. To test the
equipment, the furnace will be capable of handling load fluctuations required to
establish the desired transients listed in TEST FACILITY TRANSIENTS. The sodium
cooler and auxiliary pump circuit will have an auxiliary power source to insure
minimum sodium flow to prevent the tubes from becoming overheated by the heat re-
tained in the refractories within the furnace during a power outage or emergency
conditions.

If a large sodium leak develops, the burners, fan, and its dampers must
be shut down immediately and the sodium discharged to the dump tank regardless of
temperature. Simultaneously, the setting must be flooded Ad th inert gas. The
storage tank and drain piping will be heated continuously to prevent thermal
shocks. Also, inert gas (nitrogen) must be available to purge the furnace until
the outlet gas temperature is reduced to 750 F.

Intermediate Heat Exchanger

The intermediate heat exchangers (IHX) to be tested are counterflow units
with the primary sodium on the shell side and secondary sodium on the tube side.
One unit to be tested was purchased by the Atomic Energy Commission on AEC Contract
No. AT(ll-1)-666, dated February 26, 1959, with the complete design information
listed in Alco Products APAE No. id, Vol 1, "Intermediate Heat Exchanger-Preliminary
Design".

The preliminary layouts made by APDA for this facility are based on the
dimensions of the unit designed by Alco Products for a 70 rya thermal size. How-
ever, the test cells should be capable of containing other intermediate heat ex-
changer designs being considered for test at the present time.

Steam Generators

Other major items to be tested in this facility are steam generators,
both once-through and recirculation types. The water is normally on the tube side
and the sodium on the shell side for the units being considered. The natural cir-
culation unit to be tested was purchased by the Atomic Energy Commission on AEC
Contract No. AT(ll-1)-666, dated February 26, 1959, with the complete design infor-
mation listed in Alco Products Publication APAE No. ltl, Vol 2, "Steam Generator -
Preliminary Design".

The once-through unit to be tested was purchased from Griscom-Russell
Company on AEC Contract No. AT(ll-1).664, dated February 25, 1959, with the design
information listed for the Offset Tube Steam Generator described in the Griscom-
Russell report "Final Report to the Atomic Energy Commission".

The layouts are based on the size of generator required for the 70 MW
thermal Alco Products natural circulation unit.
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Two basic protective features required for the single-tube-wall steam
generator under consideration are, (1) provisions will be made to relieve the
products of a sodium-water reaction. Units of this design are normally equipped
with large metallic relief diaphragms in the inert gas space to prevent excessive
pressure rises due to a major reaction. Provisions will be made for safely venting
and handling the products of the reaction; (2) an isolation of the feedwater and
dumping of the water-steam mixture contained in the units at the outset of the
reaction is required. Since the reaction takes place in a m ne of excess sodium,
water and steam are vented to the atmosphere thus limiting the amount of water
available to sustain the reaction.

Oxide Control Equipment

The sodium oxide control station consists of an oxide accumulator, elec-
tromagnetic pump, and plugging indicators. Each station contains a magnetic flow-
meter and temperature indicators. The station is capable of measuring and removing
oxides to less than 20 ppm. There are two plugging indicators used to measure
oxide contents. One indicator monitors the primary system and is connected in
parallel with the oxide removal station (cold trap) to be available during cold
trapping the contents of the sodium storage tanks. The other indicator monitors
the secondary loop continuously to detect any oxide leakage resulting from a
water-to-sodium leak in the steam generator.

The plugging indicators measure the oxide content by measuring the flow
retarding across an orifice to determine the temperature where the oxides plug the
flow passages. This temperature is compared to the solubility data of oxygen in
sodium to determine the amount of oxide present.

An electromagnetic pump is provided for circulating and cold trapping
the contents of the sodium storage tanks. The electromagnetic pump has been sel-
ected in this size range because it has no moving parts, zero leakage, easy con-
trolability through an auto transformer, and is comparable in cost with mechani-
cal pumps.

There being no hard and fast rules for sizing, the oxide accumulator and
economizer are sized arbitrarily at 10 gallons per minute for this facility. This
represents a compromise between the time required to cold trap the entire system
and the cost of units. The unit consists of one flowmeter, a sodium-to-.sodium
economizer, and a vessel packed with stainless steel mesh to form a collection
surface for the oxides. A five minute sodium holdup time is provided in the col-
lection vessel. In addition, the vessel must be cooled to approximately 50 degrees
below the saturation temperature. This is accomplished by placing a jacket around
the vessel with forced air cooling. The economizer lowers the incoming sodium
temperature to saturation in the shell side and heats the outgoing sodium to within
50 degrees of the incoming sodium.

Val ves

Two different types of valves are proposed for this facility. Bellows
stem seal globe or angle valves with stellite seats are installed in the main
8-inch high temperature pipe. For the required service, double bellows sealed
valves are recommended. The vibrations caused by mechanical equipment and flow
discontinuities should be carefully evaluated when choosing these valves to avoid
resonance in the bellows. Valves in the 3-inch sodium service system for.
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continuous service shall be single bellows sealed valves. Valves for intermittent
service, such as in the drain system, etc., can be packed valves. Packed valves
have been used successfully in sodium at the Atomic Fwer Development Associates.
steam generator test facility. A wire reinforced asbestos graphite packing has
given good service under 1000 F. Packed valves will have provisions for backseat-
ing. Wherever possible all sodium valves will be installed with the highest pres-
sure side under the plug seat to relieve pressure on the bellows and keep sodium
away from the packing.

Sodium Air Cooler

The sodium air cooler has sodium in the tubes and air on the shell side.
Cooling is accomplished by a forced air draft and will have a provision for recir-
culating the warm air back to the fan inlet. This tempers the inlet supply air on
very cold days and also allows starting the blower without cooling. This feature
is desirable when the minimum heat load of the sodium heater is transferred to the
cooler when bypassing the heater to simulate casualty scram conditions. Inertia
of a blower would impede the instantaneous cooling required during fluid circuit
switching.

Separators

A sodium separator or other suitable device will be included to safely
handle the products of a sodium-water reaction resulting from a complete failure
of one tube in the steam generator. The design indicated utilizes a separator to
remove the -particles of liquid sodium and the oxides that would be carried over by
the exhausted hydrogen, thereby eliminating and containing the hazardous reactant
products. A centrifugal mechanical separator is installed in a tank. The reaction
products enter the lower portion of the tank which collects a large portion of the
entrained matter and then passes it up through the turning vanes for further re-
moval, then venting to the atmosphere.

It is felt that this type of separation should be able to remove particles
down to micronic sizes and prevent the release of large particles of sodium to the
atmosphere which could inflict burns on personnel or damage equipment. To.-reduce
the hazard of hydrogen burning and expanding in the separator, the separator and
piping will be purged and filled with an inert gas which is contained by a rubber
boot or similar membrane at the end opening of the exhaust pipe.

Tanks

Because of large increases in volume when sodium is heated, an expansion
tank will be provided for each loop. The tanks will be sized with ample capacity
to permit an average system temperature range of 400 F to 1040 F. The expansion
tank location will be at the highest point in the loop to insure venting of inert
gas during liquid metal fill.

One storage tank for each system will be provided to independently drain
and fill each loop. Extra volume will be provided (25%) to allow for heating or
draining the system while hot, A reserve of sodium should be maintained in the
tank at all times to reduce the thermal shock caused by rapid draining of the hot
system.

The primary and secondary systems and supporting service systems piping
will be designed with a continuous slope from the high point (expansion tanks) to
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the low point (storage tanks) to facilitate charging and draining. Piping pockets
will be avoided or drain connections will be provided. To eliminate a gas pocket
in the electromagnetic pumps, the pumps will be installed with their pumping
section sloped upward in the direction of flow.

Pipe Heating

All sodium piping will be heated electrically with either 60 cycle per
second induction or resistance heating. Induction heating is the most trouble-free
and reliable and should be used wherever possible. However, where piping passes
through metal sleeves or where major pieces of equipment have large supporting
structures, resistance heating must be used to prevent the unnecessary heating of
the sleeves and structures. Induction heating requires an uneconomical number of
ampere turns to properly heat piping below a nominal 3-inch size. There exists a
choice of using 3-inch piping or the use of a small pipe with cladding to equal the
3-inch size. Magnetic materials are necessary to utilize induction heating, there-
fore stainless steel piping which is nonmagnetic, must be cladded with carbon steel
which is magnetic. The magnitude of electromagnetic heat input should be adequate
to maintain heat losses through the insulation when the temperature of the piping
and its contents are 1400 F. To prevent cold spots, all piping, fittings, equipment,
and valves will be wrapped with coils and heated. The heating requirements for the
facility are estimated at 600 KW, based on heat losses of 25 Btu per square foot of
outer insulation surface.

Equipment Data

Rate of flow
Operating temperature -normal
Maxi mum temperature
Total dynamic head
Inlet pressure
Pumping power
Type - linear electromagnetic
Efficiency (overall)

3000 gpm
721 F
1000 F
82 psi
35 psi
295 KW
Available surplus equipment
140%

Secondary Pump

Rate of flow
Operating temperature - normal
Maximum temperature
Total dynamic head
Inlet pressure
Pumping power
Type - linear electromagnetic
Efficiency (overall)

Auxiliary Pump

Rate of flow
Operating temperature
Maximum temperature
Total dynamic head
Pumping power
Type
Efficiency (overall)

3000 gpm
666 F
1000 F
75 psi
25 psi
230 KW
Available
40%

surplus equipment

1400 gpm
724 F
1000 F
26 psi
46 KW
Linear magnetic
10% (assumed)
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Plugging Indicators

Flow rate
Design pressure
Design temperature
Accuracy
Range (sodium oxide)
Cooling air
Type

Cold Trap

Flow rate
Design pressure
Design temperature
Sodium oxide capacity
Sodium purity
Inlet temperature
Cold trapping temperature
Type

Service Pump

Rate of flow
Operating temperature
Maximum temperature
Total dynamic head
Pumping power
Type
Efficiency overalli)

Sodium Separator

Flow rate (hydrogen)
Sodium weight removal
Total sodium to be removed by

separator (entrainment)
Design temperature
Design pressure
Material (tuyere)
Material (shell)

Primary Storage Tank

Capacity
Design pressure
Design temperature
Material
Heating
A.S.M.E. Code

1 gpm
100 psi
1500 F
+ 10 ppm
10 ppm to 250 ppm
200 cfm
Air cooled plugging orifice

10 gpm
100 psi
1500 F
150 lbs
20 ppm
1000 F
300 F
Air cooled jacket, cold trap
vessel, shell and tube
economizer

10 gpm
400 F
800 F
20 psi
17.5 KwJinear electromagne tic
5%

67 lb/sec
335 lb/sec

4000 lb
800 F
60 psig
301, S.S.
Carbon steel

5500 gal
50 psi
750 F
Carbon steel
Resistance or induction
Stamp required

33



Secondary Storage Tank

Capacity
Design pressure
Design temperature
Material
Heating
A.S.M.E. Code

Primary Expansion Tank

Capacity
Diameter
Material
Design temperature
Design pressure
A.S.M.E. Code

Secondary Expansion Tank

Capacity
Diameter
Material
Design temperature
Design pressure
A.S.M.E. Code

Sodium Cooler (regenerative)

Heat exchange
Cooling medium
Sodium flow (tube side)
Air flow rate
Design temperature (air)
Air temperature in
Air temperature out
Design temperature(sodium)
Sodium temperature in
Sodium temperature out
Material (tubes)
Material (shell)
Sodium side design pressure
Sodium side pressure drop

Sodium System Performance Data

Heat output
Sodium flow (each loop)
Piping
Velocity (average)
Material (piping)
Sodium temperatures

Leaving heater
Entering heater
Leaving IHX (secondary)
Entering IHX (secondary)

Design pressure (primary)
Design pressure (secondary)
Heating

4500 gal
50 psi
750 F
Carbon steel
Resistance or induction
Stamp required

660 gal
4 ft.
316 S.S.
1200 F
100 psi
Stamp required

660 gal
4 ft
316 S.S.
1200 F
175 psi
Stamp required

11 MW (th)
Air
879,000 lb/hr
147,000 lb/hr
1000 F
90 F
440 F
1200 F
750 F
610 F
347 S.S.
Cr Moly
100 psi
5.5 psi

35 MW
x.26 x 106 lb/hr
8-inch, schedule 40
20.6 ft/sec
316 S.S.

1200 F
724 F
1140 F
666 F
150 psi
175 psi
60 cycle per sec induction
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FUNCTION AND OPERATION

Primary and Secondary Cycles

In the primary circuit, the sodium flows in a closed loop from the heater
through valve FCV-1, intermediate heat exchanger, electromagnetic pump, md back
to the heater. (See Drawing 5XN-2792).

The primary heat transferred in the heat exchanger is transported to the
steam generator by the secondary sodium stream and returns through the secondary
pump back to the intermediate heat exchanger.

Intermediate Heat Exchanger Regeneration Cycle

The purpose of this cycle is to enable full power operation of the inter-
mediate heat exchanger (IHX) without a secondary sodium-to-steam heat dump cycle.
Since the IHX represents sizeable capital outlay, it may be desirable to test the
unit with a larger mean temperature difference than those of current plants. Also,
testing of the IHX will be possible while inspection and replacement of a steam
generator takes place. Employing a mean temperature difference up to 10 F, the
IHX can operate at full load flow conditions by removing the heat to a sodium air
cooler with a rating of 11 MW thermal. Regeneration represents a fuel savings over
the full load 35 MW, and the feasibility of larger mean temperature difference
enables heat transfer area optimization.

The regeneration cycle as shown by the broken lines on the flow diagram,
Drawing 5XN-2792, starts at the heater and flows in succession through valve FCV-1,
IHK, primary electromagnetic pump, valve V-37, sodium air cooler, valve V-38,
secondary side of the IHX, valve V-36, and into the heater. This piping and valving
allows the use of the primary pump for both normal and regeneration cycles.

Primary Sodium System Transients

To simulate a reactor scram, the sodium leaving the intermediate heat ex-
changer bypasses the heater and returns through valve FCV-5, giving a thermal shock
at the IHX inlet. To get a less severe transient, the flow can be proportioned by
valves FCV-1 and FCV-5.

Operation of the air sodium cooler in series with the sodium heater and
intermediate heat exchanger is as follows: Flow is through the oil-fired sodium
heater, valve FCV-3, air sodium cooler, valve FCV-4, intermediate heat exchanger,
pump, valve FCV-2, and back to the heater inlet. A hot shock could be initiated on
this cycle by opening valve FCV-1 and closing valve FCV-L, which brings hot sodium
leaving the heater directly into the intermediate heat exchanger.

Auxiliary Cycle

Design criteria of a typical oil-fired sodium heater stipulates a minimum
heat load of 5% and a minimum sodium flow of 10% during emergency operations, such
as power failure, forced draft fan failure, and sodium leaks in the heater. For
operation during these events, the heat is removed by paralleling the main primary
sodium stream with a circuit starting from the heater, going through valve FCV-3,
the sodium to air cooler, the auxiliary pump, and returning to the heater. It is
suggested that the auxiliary cycle be continuously operated at a low flow rate to
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maintain the desired sodium temperatures, the readiness of the sodium cooler, the
auxiliary pump, and the system inertia. Continuous operation provides an instant
heat sink if operation is curtailed by power failure or operational errors. To
maintain operation during loss of power, it is advisable to place the auxiliary
loop equipment on an emergency power supply and maintain an air supply for instru-
mentation and control systems. The emergency power supply could be battery, motor
generator, or a motor generator set.

Sodium Purification and Oxide Detection System

Sodium oxide saturation temperatures will be determined for both primary
and secondary loops by the plugging indicators that are connected across the main
pumps. Setting a one gallon per minute flow through the plugging circuit by
throttling valve FCV-32 and lowering the sodium temperature entering the orifice
plate, a saturation temperature will be obtained when the orifice plugs. Constant
monitoring of the loops for oxide contamination is carried out by bypassing part of
the main stream, cooling to determine the plugging temperature, and then raising
the sodium temperature entering the orifice 10 degrees to unplug the orifice.

The primary system plugging indicator will be used to determine the oxide
content of both storage tanks. This operation is accomplished by pulling sodium up
the dip tube into the service pump, through valve V-27, the plugging indicator,
valve V-28, and back to the storage tank inlet valves V-16 or V-17. Cold trapping
the storage tank contents follows somewhat the same circuit since the oxide removal
station is piped in parallel with the primary system plugging indicator.

By valving, both the primary and secondary loops will be purified by a
common cold trap. Primary sodium leaves the system through valve FCV-8 and enters
the economizer shell where it is cooled to saturation. The air cooled cold trap
reduces the sodium to approximately 50 degrees below saturation temperature in a
downflow annulus shroud, and the oxides are removed when passing up through the
inner steel cold trap mesh. The economizer then heats this stream to within 50
degrees of the incoming stream and returns it to the system through valves FCV-10
and V-25. To prevent oxide plugging in the shell, which may occur when the system
saturation temperature is high and where the full heat transfer capacity at the
economizer lowers the shell temperature below saturation, the desired economizer
shell outlet temperature should be raised and controlled by bypassing part of the
stream to the economizer through valve FCV-ll. This bypass is also necessary to
bypass all of the cooled sodium leaving the collection vessel in the event the main
system temperature and saturation temperature become the same.

The secondary sodium loop has a large oxide contamination source, namely
water leaks from the steam generator. Should a leak occur, the plugging indicator
will detect an oxide buildup. An alarm will be provided to warn the operator. To
insure that debris is not the cause of this plugging, a repeated check should be
made. If the apparent oxide content shows an increase with time, the steam gener-
ator should be isolated and the water-steam contents dumped.

Steam Generator Feedwater Isolation and Exhaust

If a major water-to-sodium leak occurs in the steam generator, the feed-
water supply should be stopped and the existing water contents exhausted by the
initiation of an automatic isolation and exhaust system. Evidence of this reaction
would be an abnormal steam generator inert gas pressure rise, presence of hydrogen
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in the inert gas volume, and rupture of the safety disc. Methods for the detec-
tion of the presence of hydrogen have not as yet been accomplished.

Signals to close the feedwater isolation valve V-.L0 and to open the
feedwater exhaust valve V-39 will be either a combination of pressure rise and
loss of rupture disc, or individual events of pressure rise or loss of rupture disc.
It would be desirable to require signals acting simultaneously to prevent a false
signal from rendering the steam generator inoperative. Since some outages can be
tolerated in a test facility, the coincident requirement could be waived. However,
the probability of false shutdowns would be increased, subjecting the system to
unnecessary thermal shocks. A steam generator shutdown due to isolation, necessi-
tates tripping the heater combustion system and securing the heater and using the
auxiliary cycle for residual heat removal.

Sodium Inert Cover Gas System

The purpose of the inert gas systems and the inert gas purification sys-
tem is to provide protective inert cover gas to prevent sodium oxidation.

The specific functions of the inert gas, in addition to cover gas, are
to purge the systems, pressurize adequately for pump net positive suction head
requirements, pressure fill, and displace the sodium during draining.

The choice of inert gas is between helium, nitrogen, and argon. Argon
gas is recommended because it is readily available and is heavier than atmospheric
air. The density feature of argon causes the gas to form a protective blanket over
the sodium in the presence of air. Because of sodium temperatures being in excess
of 1000 F in the main sodium loops, which may result in the nitriding of metal
surfaces at the sodium nitrogen interfaces and because the consequential effects
of nitrided surfaces are not fully understood, nitrogen is not recommended. Helium
usually is not available in the desired quantities and is expensive.

Inert Gas Purification System

This system consists of a NaK bubbler unit and an entrainment trap as
shown on Figure 1. The entrainment trap removes NaK carry-over and NaK that is
forced out of the purification unit by flooding. The function of the back-flow
trap, which is upstream of the bubbler unit, is to prevent NaK back-flow through
the dip tube into the piping. This back-flow could occur during the changing of
inert gas cylinders or maintenance of the pressure regulators.

The inert gas purification removes residual oxygen and water vapor. The
desired purity is zero ppm of oxygen content or a content low enough to be beyond
the sensitivity of the detection devices.

Primary and Secondary Sodium Inert Gas System

The function of the inert gas system (see Drawing 5XN-2792) is to supply
gas from the purification system to the equipment and to the various vents. Vent-
ing of sodium vapor to the atmosphere will be provided, eliminating vapor traps. A
recirculation system was considered wherein the venting gases are passed through a
vapor trap, recompressed, and held in a storage tank. Due to the small amounts of
gas that would be required to be vented, the recirculation equipment could not be
economically justified.
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The expansion tank and storage tank will have an equalizing connection
to allow a constant pressure in the system during volume swings of the primary
sodium, resulting in no gas venting. The secondary system is not interconnected
because of the high cost of designing the entire system to withstand the 175 psi
which could result from a sodium-water reaction. Pressure in the secondary system
is controlled by venting gas during level increases.

The pressure control system for the steam generator surge volumes is
dependent on the type of units being tested, i.e., once-through or recirculating.
In order to minimize liquid level fluctuation with a change in load, the circula-
tion generators have both boiler and superheater surge volumes which are controlled
independently and will not be interconnected. It is possible that expansion tanks
will not be needed on the secondary system if there is sufficient surge volume to
prevent sodium levels from reaching the tube sheets during the expected transients.

Initial Charging of Sodium Systems

It would be desirable that sodium filling be carried out with zero ppm
oxygen analysis of the inert gas to be displaced by sodium, however, good practice
dictates an oxygen content of 2 ppm or less is acceptable. Initial displacing of
the atmospheric air with inert gas is accomplished by pulling a vacuum and refill-
ing with inert gas. It is recommended that a vacuum of 1-5 microns of mercury be
obtained. The high vacuum will provide the desired outgassing of adsorbed nitro-
gen and oxygen in the pipe and vessel wall metal.

Sodium Unloading System

The following are methods that may be used for sodium unloading systems:
(1) sodium melt pot for small plants, (2) melting of cast-solid drums, and (3)
sodium tank car unloading.

The sodium melt pot consists of a small, resistance heated pot with lock
chambers to admit the direct entry of sodium bricks. The molten sodium can be trans-
ferred by pressure or gravity draining through the bottom outlet.

Melting of cast solid 55-gallon drums is accomplished by two methods. The
first method is by cutting the bottom out of the drum, inverting, and letting the
contents drop into a feed melt tank. The second method is to wrap the drum with a
heating mantle and provide pipe connections for draining and inert gas displacement.
The second method is preferable due to cost and ease of replacing drums.

The sodium tank car unloading system uses heated oil for melting the
sodium in the tank car. The oil is normally heated by a steam-oil heat exchanger
or electric immersion heaters. An inert gas atmosphere is provided which pressure
drains the tank car in conjunction with a vacuum pump and a sodium weighing tank.

The following evaluations were determined from comparison of the above
methods for use in the Sodium Components Test Facility:

1. The sodium melting pot can be utilized for laboratory size systems
where samples are allowed to solidify and require remelting. This
type of unloading for main sodium loops would be impractical.

2. The most economical method for melting of cast solid 55-gallon drums
as shown in Figure 2 is the use of a heating mantle. The cost of a
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6060 watt input, 230 V, 3-phase heating mantle is approximately
$325.00 each. The melting time per drum is slightly under 2 hours.
It is recommended that two melting stations be used, one each on a
platform directly over the primary and secondary storage tanks.
Personnel time can be distributed by alternately connecting drums
and melting operations between the two stations. Additional advan.
tages of this method are (1) a railroad spur is not needed, and (2)
an exact number of drums required can be ordered.

3. Sodium tank car unloading provides the most rapid unloading method
once the major unloading equipment is installed. The 80,000 pounds
bf sodium available per tank Car should adequately fill the facility,
however, if it did not, small additions by tank car are impractical.
As a result of discussions with the Dupont Chemical Company this
method did not appear economically feasible. The use of the sodium
tank car unloading system, which would exceed $80,000 considering
its design, purchase, and construction, could be justified only if
sodium in large volumes were unloaded continually.

The equipment investigated for this report was the Model 55-2-3-6 Palmer
Drum Warmer, 6.0 KW, 230 volts, three-phase, 50/60 cycle AC, 200 F to 550 F
thermostat adjustable temperature range, with 6 feet of flexible plug-in connection,
including Hubbell Twistlock h-terminal, polarized (grounded) plug, with thermostat
breaking two legs of the three-phase power supply. A noticeable decrease in melting
time is obtained by using the 550 F thermostat (based on tests by the Dupont Co.)

Further information on sodium drum melters and sodium handling can be
obtained from E. I. Dupont Company Electrochemics Bulletin, SP 23-758, and the
Ethyl Corporation's "Han dling Ethyl Sodium".

Transient Conditions Simulation

Tables 1 through 5 list some of the common causes and the expected tran-
sients to the equipment in various plants. The following are proposed methods of
simulating these transient conditions in the test facility.

Reactor Scram

The plant is secured by reducing the sodium pump flows at a rate neces-
sary to carry away reactor decay heat requirements. The magnitude of the temper-
ature and flow transient for each plant is in proportion to the flow decay of the
loops and the size of the outlet reactor pool to provide a ttenuation by fluid mix-
ing. A savings can be realized in reactor vessels by reducing the pool volume.
However, the small pool has less volume of hot sodium to temper the relatively cool
core effluent. The total effect results in an increased rate of temperature drop
in the sodium from the reactor vessel.

To simulate reactor scram conditions as shown on Drawing 5XN-2792, the
desired temperature reduction rate is obtained by dividing the flow at valves
FCV-1 and FCV-5. Since the sodium heater has a minimum operating power level, the
auxiliary pump and sodium cooler are operated in parallel with the intermediate
heat exchanger to dissipate the excess heat. In the event that the sodium flow
from the auxiliary circuit causes an undesirable transient, a volume of sodium
could be placed directly upstream from the heater inlet header to attenuate this
temperat ure transient.
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A more severe transient can be caused by a reactor scram without sodium
loop flow decay. This condition is simulated by bypassing the heater with almost
100% primary sodium flow through valve FCV-5 and cooling the sodium heater with
the auxiliary circuit.

Loss of Sodium Pumps

The flow decay of the sodium depends on the initial velocity of the
sodium, loop resistance to flow, and wr2 of pumps. Because the test facility has
electromagnetic pumps, there is no rotating machinery to provide inertia. A method
to offset this difference would be to control the sodium loop flow decay by throt-
tling the valves while running the electromagnetic pumps at minimum output. Sodium
flow to the major equipment requiring a predetermined transient can then be simu-
lated.

For simulated flow decay of the primary sodium loop, the auxiliary cool-
ing loop is again utilized to remove heat from the heater since the sodium flow
rate will ultimately drop below the minimum required flow rate of the heater during
this transient.

Rapid Load Swings

Design of the steam generators and intermediate heat exchangers are based
on a power plant having constant temperature and variable flow characteristics.
The plant is controlled by the boiler feed pumps, primary and secondary pumps, and
cooling medium pumps following the load changes as demanded by a turbine throttle
simulator valve. The oil-fired heater firing rate is governed by the temperature
of the sodium leaving the heater.

The rapid load swings being full range ramps, short time ramps, and step
changes, are simulated by changes in steam flow by the throttle simulator valve.

Loss of Feedwater Flow

Failure of the boiler feedpump results in an almost instantaneous loss
of feedwater. Residual water in the steam generator provides some cooling to the
sodium loops until the unit boils dry. Since the once-through type steam gener-
ator has a different water volume than the recirculation type, different temper-
ature transients would result to the steam generator units and the sodium loops.
Loss of feedwater can be simulated by power failure, pump trip, or valve trip.

Increase of Feedwater Flow

A 50% increase in feedwater flow as outlined in condition No. 5 of
Table 5 shows that the sodium temperature leaving the core increases at the rate
of +15.0 degrees per second. The reactor inlet temperature decreases at the rate
of -7.0 degrees per second, which causes a reactivity increase resulting in an
increased reactor power level.

During this transient the intermediate heat exchanger receives a hot
shock of sodium at the inlet, and a cold shock at the outlet end. The steam
generator receives the same type of temperature shocks as the IHX. Conditions
can be simulated by having the plant at 50% initial capacity (50% flow) and
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passing the higher temperature sodium leaving the heater through the cooler to
the intermediate heat exchanger. For example, the sodium enters the cooler at
1300 F and leaves the cooler at 1200 F. When the boiler feedpump flow increases
to 100% load, the hot sodium leaving the heater (approximately 1300 F) is bypassed
around the cooler in the proportion to give a +11.0 degree per second rise in the
IHX inlet temperature until the entire flow is bypassed and the T of +100 F or
upper transient temperature is reached. In this manner, the sodium heater receives
no temperature transient.

Operation of the sodium heater and cooler combination enables the facil-
ity to simulate other hot-shock conditions.

STEAM AND FEEDWATER SYSTEM

The steam system of the test facility may be considered as the heat dump
cycle or loop. The basic requirement for this cycle is to receive steam from the
experimental steam generator, condense to water, and return the feedwater at a
temperature of 600 F to the steam generator. Due to the expected type of inter-
mittent operation and transient test conditions, a cycle which includes electrical
power generating equipment does not appear feasible. The major cycle considera-
tions are: (1) system operational feasibility, (2) system control, (3) equipment
cost, and (h) operating cost.

All calculations and evaluations are based on the following steam
generator design conditions:

Power Level 35 MW (thermal)

Steam
Flow rate 135,000 #/hr
Temperature 1050 F
Pressure 2200 psia

Feedwater
Temperature 600 F

The following are steam cycles which are considered feasible.

Scheme A (see Figure 3)

Condensing Cycle

The condensing cycle system may be considered as a basic power plant
cycle with a throttle valve simulating steam expansion through a turbine.

Steam at 2200 psia and at a temperature of 1050 F passes through a
pressure reducing and desuperheating station and exits at 1600 psia and 650 F.
Water flow to the desuperheater is varied to maintain a constant temperature
downstream of the desuperheater. The latter steam condition is chosen for the
following two reasons: (1) using a steam at a temperature of 650 F, the materials
used for construction may be carbon steel, and (2) a portion of this steam is used
in a regenerative feedwater heating cycle to raise the feedwater temperature to
600 F. The minimum steam temperature for a feasible feedwater heater is 605 F,
which corresponds to a saturation pressure of 1600 psia.
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The 1600 psia, 650 F steam which is not used for feedwater heating is
throttled through an automatically controlled valve to 250 psia and
passed into the deaerating heater. Operating conditions of the deaerator are
limited by the maximum feasible operating temperature of boiler feedwater pumps,
approximately 400 F. Saturation temperature at 250 psia is 401 F. Operating
at these conditions, no special construction or material are required for the
deaerator. The water level in the deaerator is controlled by throttling the
condensate return from the condenser.

To prevent boiler feed pump cavitation, feedwater from the deaerator
is sub-cooled to 380 F at 250 psia. The cooling rate in the sub-cooler is con-
trolled by regulating the coolant flow to maintain a set condensate exit temp-
era ture from the unit.

The boiler feed pump delivers water at approximately 2300 to 200 psia
to the feedwater heater where it is heated to the required temperature of 600 F.
Temperature control is accomplished by varying the flow of 1600 psia bleed steam
through a condensate level control in the heater.

Saturated steam from the deaerator is throttled through a valve to 27
psia and condensed in a water cooled condenser-cooler to a temperature of 235 F.
A positive condenser pressure will reduce the possibility of air leaking into
the feedwater. The cooling rate in the condenser is controlled by regulating
the coolant flow to maintain a set condensate exit temperature from the unit.
No special construction is required at these condenser operating conditions.

Control of Scheme A will vary slightly depending on the type of steam
generator being tested, i.e., natural circulation boiler or once-through boiler.
The variation will be in the method of controlling feedwater to the steam gener-
ator. The remaining system controls will be as outlined.

A natural circulation boiler will have a conventional three element
feedwater control unit. The unit will control (1) the boiler feedpump speed
through a fluid coupling, and (2) the feedwater throttle valve.

Feedwater flow for a once-through boiler will be controlled to maintain
the outlet steam pressure.

Scheme B (see Figure 4)

Low Pressure Evaporator

Scheme B is basically the same as Scheme A except the water cooled con-
denser is replaced by low pressure evaporators. Thus, a reduction of 95% in the
cooling water requirement is effected over Scheme A.

Conditions and control of this scheme are the same as for Scheme A,
including the deaerator.

The saturated steam from the deaerator is throttled through a valve to
130 psia and 360 F. This steam is condensed in evaporators operated at 50 psi on
the shell side. The low temperature and pressure of the unit will not require
special material and construction.
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Raw feed flow for the 50 psia make steam is controlled to maintain a
water level in the evaporators.

Scheme C (see Figure 5)

High Pressure Closed Cycle with Evaporators

The steam cycle is a high pressure recirculation loop, eliminating the
deaerator, feedwater heater, and a high head boiler feed pump. Conditions of
temperature and pressure are kept as high as possible in an attempt to reduce
equipment and operating power costs.

Generated steam is desuperheated to a temperature of 740 F to effect a
reduction in material cost for the remaining system. The temperature is maintained
downstream of the desuperheater by controlling the flow of the 600 F coolant.
This steam is throttled through a valve to maintain an evaporator operating pressure
of 2000 psi; saturation temperature 636 F. Evaporator condensate is subcooled to
600 F in the lower section of the evaporator-cooler to meet the boiler feed require-
ment. Subcooling should eliminate the possibility of cavitation in the boiler re-
circulation pump.

As in Scheme B, the raw water feed flow rate for the evaporator make
steam is controlled to maintain a water level in the evaporators. The evaporator
make steam conditions are 300 psia and 1117 F. Operating at these conditions the
evaporator shell will not require special materials or construction.

Condensate from the evaporator is boosted from 2000 to 2250 psia by a
boiler feed recirculating pump. The feedwater flow rate is controlled by both
pump, speed variation, and a control valve through a feedwater control unit.
This control is as outlined in Scheme A. To maintain the required water quality
in this closed loop, a side stream of approximately 5% of total flow is circulated
through a mixed bed polishing unit and returned to the system.

It is quite probable that after final design of this loop a pressurizer
or system volume surge tank will be required to compensate for volume changes
during load swings. This is dependent on the relative volumes of steam and water
for the particular loop design, including components.

Scheme D (see Figure 6)

70 Per Cent Feedwter Make-Up

Scheme D is an open cycle where approximately 70% of the generated
steam is vented to the atmosphere. Thus, 70% fresh feedwater is required for
make-up. Scheme D can be used to advantage only if the facility is near a plant
which can supply the required amount of treated water at the quality required
for the steam generators to be tested.

Conditions and control of this scheme are the same as for Scheme A except
for the method of steam condensation.

Scheme E (see Figure 7)

High Pressure Closed Cycle with Air Heat Drmp

This loop is similar to Scheme C with the exception that all cooling is
accomplished through forced air coolers.
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Generated steam at a temperature of 1050 F and 2200 psia is desuperheated
to 650 F and 2200 psia. Fifteen megawatts of heat are removed in a finned-tube,
forced air cooler. Due to the high temperature and pressure, this unit must be of
special material and construction.

Desuperheated steam is throttled through a valve to maintain a pressure
of 2100 psia at the condensers subcooler outlet.

The pressure of 2100 psia is chosen to allow the feedwater temperature
requirement of 600 F to be sufficiently subcooled to prevent any possibility of
cavitation in the boiler feed circulating pump.

The condenser cooler is a finned-tube, forced air cooler having an upper
condensing and a lower subcooling zone. The lower temperature allows carbon steel
to be used for construction.

Before entering the steam generator, the pressure of the boiler feedwater
coming from the subcooler is raised from 2100 to 2250 psia by a circulating pump.
The flow rate is controlled as outlined in Scheme A.

A pressurizer or volume surge tak is required to compensate for volume
changes during load savings. It is doubtful that sufficient surge volume can be
economically built into the condenser-subcooler. A separate pressurizer is placed
downstream of the subcooler, and the pressure in the unit is maintained by alter-
nately supplying and venting steam as required by relative system volume changes.

Operability

The two major considerations used to judge the steam cycle operability
are (1) the ease of startup and shutdown, and (2) the ease with which the system
follows load swings. These swings will be quite severe during the transient tests
required in the steam generator and intermediate heat exchanger (IHX).

The above considerations must be evaluated for both types of steam gen-
erators to be tested, i.e., natural recirculation boiler and once-through boiler.

Scheme A

Scheme A is a typical electrical generating plant steam cycle with a
throttle simulator valve replacing the turbine generator. The control ad ins tru-
mentation are similar to a regenerative turbine plant cycle. Control systems in
conventional boiler plants have been developed to compensate for load swings and
have been in operation for many years. This scheme is controlled in the same
manner, thus no problems are anticipated during our system transients.

Scheme B

Scheme B and Scheme A differ only in the equipment used to dump heat.

The control of this scheme is similar to Scheme A; no control difficul-
ties are anticipated.

The evaporators require more maintenance than the water-cooled condenser.
They must be periodically de-scaled and blown down to maintain operating efficiency.
The service water may require some treatment before it enters the evaporators.
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Scheme C

Scheme C departs from the conventional power plant steam cycle by main-
taining the pressure as high as possible while condensing the steam to subcooled
water. The scheme minimizes the number of system components but this advantage
is offset by the possibility of the system being difficult to start up and to
control during transients.

It is anticipated that the pressurizer instrumentation will become very
involved in order to maintain proper control during severe transients while testing
any steam generator. It is highly probable that electrical heaters will be required
to maintain pressure in the pressurizer for startup.

Scheme D

Scheme D is the same basic cycle as Scheme A with the following two inno-
vations:

1. System heat is dumped by venting 70% of the generated steam to the
atmosphere. This is accomplished with a throttle valve and a series
of pressure breakdown orifices. The orifices may be a high mainten-
ance item and venting of 1600 psia steam may create a very high
noise level.

2. Venting the generated steam requires at least 70% feedwater make-up.
A water treating unit to produce the required purity for the boilers
to be tested at the quantity needed in this scheme is quite extensive.
Both the equipment cost and annual operating cost are high.

Scheme E

Scheme E is a high pressure closed cycle similar to Scheme C except that
forced air coolers are used as heat dumps. The discussion pertaining to Scheme C
applies here with one additional comment.

Air cooled condensers will not respond to load swings as rapidly as water
cooled condensers. This is an advantage to dampen out normal operating fluctuations,
however, during transient testing, the lag in these units may not be acceptable.

Comparison of Equipment and Operating Costs

Equipment and operating costs were a major factor in selecting the most
favorable steam cycle. Table 6 lists the scheme component capital costs, along with
the annual operating costs. Estimated prices of the component equipment were ob-
tained from two manufacturers and supplemented by recent utility installation costs.
Costs for installing the equipment are not listed in Table 6.

Operating power costs were calculated on an anticipated commercial rate
of 1.2 mils per kw/hr.

The operating water costs were calculated on the following basis:

City water $ 0.63/1000 cu ft
Sewerage $ 0.15/1000 cu ft
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TABLE 6

STEM CYCLE CAPITAL COST COMPARISON

Scheme & Figure

yeaerator

Feedwater Heater

Sib-Cooler

Con terser

Lveporatgr

Feedwater wunp Motor

Cooling Hater Pump
'. Motor

Condenser Pump
c Motor

Water Treatin. Unit

Desuperheater
(includes temperature
controller)

Pressurizer

A

Condensing
Description Cost

250 cu ft, 5 min storage 9,000
250 psia at 001 F
115,L00 lb/hr

2 ft dia. x 25 ft long 21,800
135,000 lb/hr, 380 F
to 600 F, heating steam
at 1600 psia

1.5 ft daa. x 5 ft long 2,300
177,150 lb/hr, 14Ol F
to 380 A, water cooled

b ft dia. x 16 ft long 16,000
27 psig, 115,-00 lb/hr401l? to 235F, water cooled

None

Pump 1,0,000
675 HP lotor 15,000.ear Reducer 10,000
Fluid Coupl ng 15,000

60,000

None

250 :pn at 300 psia L,000
head, 60 h motor

5 - n uiit, carbon fil- 13,800
ter, mixed bed deminer-
alizer, vac!um deaerator,
n'xed bed polisher

25,000 lb atd. 3"xL8" 6,Im23
long, 135,000 ln/hr
1022 F to 65u F

None

B

low Pressure Evaporation

Description Cost

Same as Scheme A 9,000

Same as Scheme A 21,800

Same as Scheme A 2,300

None

5 ft dia. x 26 ft 27,600
long, 2 units
evaporating 211 gpn,
make steam 50 psia
and 281 ;,

Same as Scheme A 80,000

250 fpn at 70 psia 600
head, 15 hp motor

Same as Spheme A L,000

Same as Scheme A 13,800

Same as Scheme A 6,1423
except 1050 F to
710 F

None

C

High Pressure Closed
Cycle Evaporation

Description Cost

None

?Tone

None

None

5 ft dia x 25 ft h3,So0
long, 2 units
evaporating 206
^, ,reke steam at
300 psia and 417 F

Canned rotor pump 125,000
& 75 hp motor - -
$100,000
Frequency Motor
Control - - 25,000

250 gpn at 350 psia h,0CO
head, 60 hp motor

None

Same as Scheme A 15,8C0
plus deoxygenator

Same as Scheme A 6,423

Sphere 5.3 ft dia 15,000
2100 psia & 650 F
3" wall

D

70% Feedwater Make-Up
Description Cost

Same as Scheme A 9,000

Same as Scheme A

Same as Scheme A

None

None

Same as Scheme A 80,000

None

Same as Scheme A

195 gpm unit

Same as Scheme A

None

E

High Pressure Closed Cycle
Air Conditioning

Description Cost

None

21,c00 None

2,300 Included in Air Condenser

11ft x 29 ft x13ft 29,557
high, 135,000 lb/hr,
650 F to 600 F, 2100
p3

4 
,air cooled

None

Same as Scheme C 125,000

None

11,000 None

100,000 Same as Scheme C

6,1123 11ft x 15 ft x 1.5 ft
high, 135,000 lb/hr
2200 psia, 1050 F to
650 F, air cooled

Same as Scheme C

15,8C0

43,800

15,000



Scheme & Figure L B

Condensing
Description Cost

Valves includess pressure
control)

tean Throttle - 1 335,000 lb/hr, 105F, 4,900
2200 psia to 1600 psia

" " - 2 Throttle simulaor.valve 4,900

' -3

' -14

' -5

Water Throttle

y:~- M

-i

- 2

* " 3

N U. 4

TOTAL EQUIP-EN: COST

Pcwer (p nps & fans) kw

Capitalized Power Costs

Capitalized Water Costs
Service water

City water

Capitalized Operating Cost

TOTAL CAPITALIZED CCST

177,150 lb/br, 650 F,
1600 psia to 250 psia

115,400 lb/hr, 400 F,
250 psia to 27 psia

1,850

2,130

42,150 lb/hr, 380F, 1,355
21400 psia to 1600 psia

42,1400 lb/hr, 410F, 1,355
1600 psia to 275 psia

135,000 lb/br, 600 F, 3,000
21400 psia to 2250 psia

115,000 lb/br, 235 F, 2,000
275 psia to 250 psia

1714,83

8,6140

Fixed 10,120
Power 5,910
not considered

STEAM CYCLE CAPITAL COST COMPARMCI

C

High Pressure Closed
Low Pressure Evaporation Cycle Evaporation
escr on Cat Description Cost

Same as Scheme A 14,900

San as Scheme A 4,900

Same as Scheme A 1,850

Same as Scheme A 2,130

111,000 lb/hr, 2,500
281F, 50 psia to
atmosphere

Same as Scheme A 1,355

Same as Scheme A 1,355

Same as Scheme A 3,000

Same as Scheme A 2,000

189,53

560

8,810

Fixed 911
16,030 Power 533 1,1444

not considered

24,670

183,600 lb/hr,
740 F, 2200 psia
to 2000 psia

103,000 lb/hr,
417 F, 300 psia

to atmosphere

" w

Throttle
simulator valve

335,000 lb/hr,
600 F, 2250 psia
to 2200 psia
103,000 lb/hr,
75F, 350 psis to
300 psia

U "

102

Fixed 456
Power 266
not considered

10,254

199h767

2,115

1,925

1,925

4,900

3,000

2,000

D

70% Feedwater Make-up
script on Cost

38,000 lb/hr, 650F, 2,000
1600 psia to
250 psia

135,000 lb/hr,1050F, 4,900
2200 psia to
1600 psia

97,000 lb/hr, 650F, 2,000
1600 psia to atmos.

Throttle L,900
simulator valve

Same as Scheme A

Same as Scheme A

2,000 Same as Scheme A

Same as Scheme A

228,188

550

1,607

Fixed 354

722 Power 261
Treating

unit 14 1120(1

2,329

230j517

1,355

1,355

E

High Pressure Closed Cycle
Air Conditioning

Description Cost

Throttle simulator valve 14,900

135,C00 lb/hr, 650F,
2150 psia to 21CO psia

l1 valve internit. oper.
2200 psia to 21CC psia

w w

135,000 lb/br, 600 F,
2250 psia to 2200 psia

3,000

2,000

215,033

3,000

1,300

1,300

3,000

242,657

131

8,660 2,C60

16,981 None

25,641

270,67h4

2,06C

21,7?17

(1)Service water used for subcooler and city water as supply to water +.eating unit.



A total charge of $ 0.80/1000 cu ft was used for calculating purposes.

General service water:

$1.35/gpm annual fixed cost
$0.0015/1000 gpm energy charge

These costs are representative of charges established by utility com-
panies.

The capitalization factor of 5 was used for calculating the capitalized
power and water costs as established by normal AEC short term capitalization pro-
cedures.

A plant factor of 30% was used in calculating the capitalized power
and water costs. This factor was based on A PDA experience in operating a boiler
test facility over a period of 1.5 years. APIA data shows that the facility was
in operation about 60% of the time with an average power level of approximately
50% of full load design, thus giving an overall plant factor of 30% based on
design operation.

Scheme A

The total equipment, plus annual operating cost, for Scheme A is
$199,483. This figure does not include a service water pump and motor. It is
anticipated that a site on which this cycle is feasible will have an existing
service water pump and screen house. City water was not considered for a coolant
supply because of the obviously high cost.

A cooling tower to allow recirculation of condenser cooling water was
priced. The cost, not including erection, is $74,000. This additional cost
would make the use of Scheme A in a water limited area prohibitive when compared
to other cycles considered.

An air cooled steam condenser was also priced. The cost of $75,000 was
prohibitive and was not included in Table 6.

Since the total cost for Scheme A is the lowest, it is used as a basis
to compare the other schemes.

Scheme B

The fact that Schemes A and B are almost identical is reflected in the
total cost comparison. The additional cost of the evaporators in Scheme B over
the condenser in Scheme A is almost completely offset by the difference in water
costs between the two. For all practical purposes, the total costs for these two
schemes may be considered the same.

Scheme C

The costs of components that are eliminated in Scheme C by using a
closed cycle are offset by the cost of the high pressure evaporators. The two
items which raise the cost of Scheme C over that of Schemes A and B are (1) the
canned rotor circulating pump, and (2) the pressurizer.
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A canned rotor pump is chosen over a mechanical seal pump for this par-
ticular application because of its proven reliability.

The cost of the pressurizer was based on a sphere 5.3 ft in diameter with
a 3-inch wall, operating at 2100 psia. It is quite possible that upon final de-
tailed design of Scheme C, the pressurizer volume would be significantly increased
with a corresponding cost increase. The total cost of Scheme C is approximately
$230,000.

Scheme D

Scheme D has one component which increases its cost substantially above
the others. This component is a water treating system with a 200 gpm capacity,
producing water of sufficient purity to be used in the steam generators to be
tested. The required equipment cost was obtained from the final cost of a recent
utility installation of similar requirements.

The operating water costs for this scheme are also high since the water
to the treating unit must be of a quality comparable to city water.

Scheme E

Scheme E, being a closed cycle, has a cost of $244,717, which is com-
Srable to the other closed cycle, Scheme C. Even though the number of components
in the cycle have been reduced, the remaining items are quite expensive and raise
the total cost slightly above Scheme C, i.e., canned rotor pump, pressurizer and
air-cooled steam desuperheater, and condenser.

Recommended Steam Cycle

Both Schemes A and B are recommended as steam cycles to be used in the
liquid metal test facility. The choice between these two schemes depends on the
site location which to date has not been determined. Should a site be available
which has a sufficient quantity of service water, then Scheme A should be used.
However, should a site be chosen which is in a limited water area, then Scheme B
appears more attractive.

As previously stated, these two schemes are identical except for the
equipment used to dump heat. Therefore, in the following discussion Schemes
A and B will be considered as the same cycle.

This cycle was chosen over the other feasible schemes because of its
operating controllability and appreciably lower equipment and operating cost.

The cycle is comparable to a conventional boiler plant steam system and,
as previously mentioned, has proven controllability during major load swings. With
the other schemes, it is felt that control of load swings would be difficult during
transients. Also, in Schemes C and E, startup and shutdown of the boilers would
require an elaborate electrical heating scheme, or other suitable method, to
establish pressure in the pressurizer.

Schemes C, D, and E range from $30,000 to #70,000 more than the cycle
chosen. The major costs which make these schemes unattractive are the canned
rotor pumps in the case of the closed cycle schemes, and the high capacity water
treating unit in the case of Scheme D.
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Scheme D only becomes feasible if the test site is located near a plant
which can supply treated water of the required quantity aid quality. Even then,
the operating cost for a treating unit of this type would be very high.

Water Treatment System

The high purity feedwater required for the steam generator designs to be
tested in this facility cannot be obtained by continuous blowdown as in conventional
recirculated water-drum-type steam generators. A water treatment plant is recom-
mended that can recycle approximately 5% of the total condensate flow to keep the
amount of total dissolved solids at 0.5 ppm and silica under 0.02 ppm, and the oxygen
and carbon dioxide content at 0005 ppm. In addition, makeup requirements estimated
at 1% of the total condensate flow are required.

To accomplish the above requirements, different water treatment schemes
are presented to accommodate the different steam and feedwater schemes. The basic
difference between the feedwater schemes presented in this report is the use of
deaerators in the system. Feedwater Schemes C and E do not have deaerators, and
are sealed, high pressure systems. Feedwater Schemes A, B, and D do have deaerators.
The two schemes considered are shown on Figures 8 and 9.

A common system is presented to obtain potable water and water suitable
to demineralize for makeup requirements. This water is obtained by passing river
or lake water through a strainer, chemical feeder, precipitator, and sand filter.
If an inexpensive potable supply is available and in close proximity, such as a
city water supply, this equipment can be eliminated.

The water for plant makeup passes through an activated carbon chlorine
removal unit to remove the residual chlorine found in domestic and raw water
supplies. This eliminates difficulties encountered when water containing chlorine
passes through demineralizers.

During the detailed test facility design, a second evaluation needs to be
made when actual system volumes are known and equipment leakage determined to arrive
at a design feedwater makeup flow. For this report, the estimated 1% covers items such
as the boiler feed pump leakage, sampling requirements, initial and subsequent fills,
losses through deaeration, simulated scram, safety valve testing, steam generator
flushing, blowdown for recirculating drum type units, and flange leakage during
temperature transients, etc.

The equipment for removing dissolved solids, oxygen, and carbon dioxide
consists of a hydrogen cation exchanger, vacuum deaerator, strongly basic anion
exchanger, and a mixed bed polisher. Since the limit of oxygen removal for a
vacuum deaerator is 0.2 ppm, an ammine deoxygenator is necessary to provide an
oxygen content of 0.005 ppm for feedwater schemes having no deaerator. Oxygen
removal from water by ammine exchange resins is successful only if the influent
has !t ppm or less of dissolved oxygen. It is necessary, therefore, that a vacuum
deaerator precede the amine exchanger for systems having no deaerator.

Treating the makeup feedwater can be accomplished by either separate
cation and anion exchangers, or by combining the two in a mixed bed. The price
of separate units is less than the mixed bed for the 5 gallon per minute capacity,
however, the mixed bed exchanger has a larger dissolved solids capacity, requiring
less frequent regeneration. The two separate bed units are recommended here for
pricing and equipment layouts. Actual equipment proposals at a later date could
show feasibility of a mixed bed unit.
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For deaeration of systems having deaerators in the feedwater schemes, the
ammine deoxygenators could reduce the oxygen content from 8 ppm to 2 ppm, and cost
approximately one-half of the price for vacuum deaerators. This cost advantage is
lost when frequent regeneration of the ammine exchangers are required in addition
to the lower oxygen content possible with the vacuum deaerators.

Recirculating 5% of the condensate through a mixed bed polishing deminer-
alizer intimately mixes the cations and anions giving multiple step demineralization.
The cellulose filter preceding the mixed bed polisher removes iron and copper resi-
duals. Also preceding the cellulose filter and mixed bed polisher is a heat ex-
changer to reduce the recycled feedwater temperature to 120 F, this temperature
being the upper limit for the demineralizer resins.

The PH requirements can be regulated by injecting ammonium hydroxide
through a recirculating line across the condensate pump suction and discharge.
Ammonium hydroxide losses are caused by venting of the deaerator, vent condenser,
and demineralizer polishing.

The final feedwater analysis for satisfactory operation of the steam
generators is as follows:

Total dissolved solids < 0.5 ppm
Silica 0.02 ppm or less
Oxygen 0.005 ppm
Free CO2 0 - trace
Specific conductivity < 0.5 mmhos
Iron trace
Copper trace
PH 8.8 - 9.2

Instrumentation and Control Systems

General Requirements

The instrument and control system provides adequate operating control
of the plant during steady state and transient conditions anticipated, control and
warning of any operating malfunction, and safe plant shutdown in the event of an
abnormal operating condition. The necessary instrumentation and controls are
generally accomplished from a separate control room located to provide maximum
personnel safety. The required instrumentation, starters, valve actuators, alarms,
etc., will be mounted on a central control panel or panels to provide adequate re-
mote control. The instrumentation provided will be capable of indicating and re-
cording data on a continuous basis in a systematic manner to allow a proper analysis
of the equipment on test.

Design Criteria

In order to subject the components under test to the conditions which
will be actually experienced within a reactor plant, the control scheme for the
facility should be representative of the actual control scheme for the reactor
plant.

It is not within the scope of this study to furnish a design of the re-
quired instrument and control system for the components to be tested. However,
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as an aid to the contractor in designing these systems, a proposed method of
controlling a reactor plant, including a liquid metal heat exchanger and steam
generator, is presented along with a proposed method of operating the test
facility.

In the design study of one of the units to be tested by Alco Products,
Incorporated, a proposed method of operation and control is presented in publi-
cation "Steam Generator preliminary Design", APAE No. 41, Volume II (AEC Contract
No. AT(ll-1)-666. The sodium components power plant control system is to be de-
signed for maximum safety precautions with economical plant operation. The plant
shall operate at essentially a constant steam pressure of 2200 psi and a minimum
steam temperature of 1050 F. The primary sodium loop shall operate at maximum
temperature of 1200 F and 100 psi (temperature may go below 1200 F but must main-
tain steam temperature of 1050 F), and the secondary loop shall operate at a
temperature of 1140 F and 100 psi. The temperatures and pressures shall be main-
tained as constant as possible for maximum operating efficiency.

The instrumentation system for the primary and secondary loop is designed
to react to the requirements of each loop to satisfy economical steam load con-
ditions. When the load requirements change at the turbine, it reacts throughout
the system immediately so as to keep an economical steam generation load balance.
The system control will operate instantly on signal impulses for correction or
changes in load requirements for each sodium loop and for the steam loop.

Description of Instrument System - Reactor Plant

The controls and instrumentation shown in Figure 10 shall contain a
controlled feedwater pump, a control system for each sodiumpump, and shall control
the following: (1) feedwater pump, (2) primary sodium pump, (3) secondary sodium
pump, and (4) reactor control rods.

The steam loop shall be controlled by a system of instruments and con-
trols to control the following: (1) steam flow, pressure and temperature compen-
sated, (2) steam generator water level, and (3) feedwatter flow.

The steam flow, steam generator water level and feedwater flow sensing
elements are connected to the feedwater flow control unit. The feedwater control
unit determines the feedwater systems requirements as the generator load varies
in order to maintain water level and steam generation. The heat requirements to
the steam generator due to generator load variation are transmitted to the secon-
dary sodium pump controller.

The secondary sodium pump controller receives signal inputs of actual
temperature from the secondary sodium loop, actual and set temperature from the
sodium pipe between boiler and superheater, and biased temperature set and pres-
sure from the steam main. The controller for the secondary sodium loop will
maintain sodium pump speed, sodium flow, and sodium temperature requirements to
satisfy the steam generator load demand. The heat load requirements of the sec-
ondary sodium loop are transmitted to the primary sodium loop pump speed controller.

The primary sodium pump controller receives signal inputs of advanced
sT temperature requirements from the secondary sodium loop and also flow in the
secondary sodium loop. The controller for the primary sodium loop will maintain
the primary and sodium pump speed to meet the heat requirements of the secondary
sodium loop.
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The reactor & T temperature determines the maximum reactor discharge
temperature at maximum flow for the maximum reactor power output. Negative temp-
erature coefficient should be allowed to control the reactor power output, if
possible.

Proposed Instrument and Control Scheme - Test Facility

A proposed method of controlling the test facility to meet the control
requirements of the system outlined for a reactor plant is shown on APDA Drawings
6XN-2711 and 6xN-2712. In this scheme, the turbine is represented by a throttle
simulator valve V-50 and the reactor is represented by the oil-fired sodium heater.

Oil-Fired Sodium Heater Controls

1. Combustion Control - The heater combustion control system
functions to modulate combustion air to the oil burners in
response to sodium outlet temperature. A resistance temp-
erature detector (high response RTD) is installed in the
sodium heater outlet heater to provide the temperature
sensing element for the combustion rate controller. The
controller will be set to main constant heater outlet
temperatures up to 1200 F. The oil burners are equipped
with fuel-air ratio devices to proportion the oil firing
rate to combustion air supply.

2. Ignition Controls - Ignition controls are provided to per-
mit lighting of burners from the central panel.

3. Safety Controls - The following safety controls are pro-
vided with the oil-fired sodium heater: (1) flame failure
trip-out and alarm, (2) high outlet sodium temperature
trip-out and alarm, (3) low sodium flow trip-out and alarm.
The primary element for sensing low sodium flow is incor-
porated in the primary loop sodium flowmeter, (ti) fan
failure trip-out to shut down burners in the event of fan
failure, and (5) purge interlock system with time delay
relays providing an air purge prior to lighting of burners
following a trip-out.

Sodium Service Oxide Control Ecuipment

Primary and secondary sodium loops will have semi-automatic controlled
cold trapping service to be intermittent. When filling sodium storage tanks, cold
trapping will be continuous.

Sodium Heater Leak Detector System

A leak detector system will be provided for the sodium heater, consisting
of a smoke detector installed in the sodium heater stack and connected to an inde-
pendent visual and audible alarm mounted on a panel in the control room. A manual
operated inert gas (nitrogen) system shall be provided to purge and reduce sodium
heater exhaust gas temperature.
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Steam Generator Isolation System

The purpose of this system is to isolate a steam generator from the feed-.
water and steam headers in the event of an internal water-to-sodium leak. The
resulting sodium-water reaction would be detected by sensing the rise in pressure
in the sodium system and by detecting the failure of the rupture disc.

The pressure measuring channel and a rupture disc failure detection chan-
nel are provided, utilizing trip coincidence to protect against other component
faults; these channel trip signals are used to initiate concurrent operation of
the appropriate feedwater and steam isolation valves and feedwater exhaust valve,
feedwater pump control circuit, and sodium heater burner control circuits.
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5. EXISTING EQUIPMENT EVALUATION

SODIUM HEATERS

The liquid metal test facility requires a sodium heater with a rated
thermal capacity of 35 NUJ. Approximately 3000 gpm of sodium at a temperature of
700 F to 900 F must be heated to 1200 F. Also, to accomplish hot shock teats,
the heater must be capable of intermittent operation at sodium exit temperatures
of 1300 F to 100 F. The maximum required design life of the heaters is 10,000
hours at 1200 F.

A Babcock & Wilcox (B & W) oil fired sodium heater, which was to be
used at KAPL and is now in storage, was inspected with the intention of using
it as the facility heat source. The heater was designed for the following con-
ditions:

B & W Heater Conditions

100% 125%

Heat Load, Btu/hr 100,000,000 125,000,000
Sodium Temperatures, F

Outlet 850 1200
Inlet 580 870

Sodium flow, gpm 2800 3100
Design life, hours 100,000 10,000

Construction material for the sodium coil is 30 stainless steel.

The heater manufacturer, B & W, was contacted concerning the effect of
operating the heater at facility conditions, an stated that approximately
156 x 10 Btu/hr could be absorbed by 1.09 x 100 #/hr of sodium being heated
from 725 F to 1200 F. This rate is based on the firing capacity of the heater.
The length of time the unit could be operated at these conditions without damage
to the heater was not determined, but would almost certainly be considerably
less than the 10,000 hours specified in the Technical Manual for the design
125% load. Previously, the maximum tube wall temperature calculated at 125% load
was 1330 F. B & W reported that a recalculation using facility conditions results
in an increased maximum tube wall temperature of 1372 F. To operate the heater
with a tube wall temperature of 1372 F, shortens its life to such an extent that
it is undesirable to use the heater as the total heat source.

Discounting the shortened life, the heater does not meet the desired
hot shock requirements for the test facility.

It is felt that this heater does not fully satisfy the requirements of
the test facility. The following alternatives are presented in the order of our
recommendations.

1. The Connecticut Aircraft Nuclear Engine Laboratory (CANEL) has
two oil fired 35 MW sodium heaters which are partially installed.
The design features of these heaters are:

Heat Load, Btu/hr 120 x 106
Flow, gpm 4000
Design Temperature, oF 1500
Design life, hrs. 10,000



Maximum temperature 1600 F for 100 hrs
Design Pressure, psig 250
Material of construction, coil 316 stainless steel

One of these heaters would satisfy the facility require-
ments. The facility normal maximum operating temperature of
1200 F is 300 degrees lower than the design temperature of the
heater. Operating at the lower temperature would increase the
life of the heater appreciably. 'lso, the heater can easily supply
the desired hot shock temperature for the facility. However, it
is not known what thermal transients the heater can take. This
is a point which requires further investigation.

The heaters are complete with the exception of controls
and leak detection equipment. Included are special fire brick,
ducting, stacks, fans, motors, burners, and pumps. Superficial
inspection showed the heaters to be in good shape.

2. The second alternative is to operate the B & 14 heater at a maximum
sodium outlet temperature of 1100 F. This would increase the
design life appreciably over that expected for 1200 F operation.
The additional 100 degrees to reach 1200 F operation is supplied
by a supplemental heater in series with the B & W unit. The
supplemental heater, which has a minimum heat requirement of
27.3 x 106 Btu/hr, can be designed to accommodate the facility
high temperature shock conditions. This unit is quite sizeable
and represents a capital cost of approximately $250,000.

The control of two heaters in series would become
Quite complicated, especially during transient testing.

3. The last alternative, and the most expensive, is to purchase a new
heater. A 35 MW heater designed to satisfy the facility require-
ments would cost approximately $1,000,000.

As previously stated in 1. above, the first alternative is recommended
since the existing CANEL heater fulfills our facility requirements and represents
the least expensive approach. The Commission should investigate the availability
of one of these heaters for use in the facility.

PRIMARY AND SECONDARY SODIUM PUMPS

A maximum sodium circulation of approximately 3500 gpm at a temperature
of 800 F is required. Sodium loop pressure drop has been estimated at 82 psi
maximum.

Two electromagnetic pumps, now being stored by the AEC, are available
for this facility. They have been operated at KAPL as part of their sodium
program. The following information was supplied by the manufacturer.

Pump Number 5KY236AK-l

Mark B pump is the same type as used on the Seawolf.

Rated Conditions

Volts 447
Frequency 60 cycles
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Power
Developed pressure
Flow
Inlet pressure
Sodium temperature
Main current
Input power
Cooling water temperature

Results of Tests Performed at KAPL:

Maximum developed pressure at
447 volts and throttled flow
Sodium temperatures (maximum)

Winding Temperatures

Current (amps
In stack OF
Edge of stack OF
Hot spot end turn OF
Water temperature in OF
Sodium temperature in OF

Pump Number 5KY235AD-1 Serial 6891710

3 hase
85 psi

3300 gpm
35 psi
580 F
850 amperes
295 kilowatts
110 F

120 psi
900 F

8143
320-
375
3140
105
700

860
310
360
345
108
640

Mark A pump was rebuilt by

Rated Conditions

Voltage
Frequency
Power
Developed pressure
Flow
Current
Inlet power
Sodium temperature
Inle pressure
Cooling water temperature
Water temperature rise
Water flow

Results of tests performed at KAPL

Maximum pressure at 440 volts

Fairbanks-Morse.

410
60 cycles
3 phase
75 psi
3000 gpm
750 amperes
230 kilowatts
5800F
25 gsi
110 F
150F
25 gpm each stator

100 psi

Winding temperatures

Current
in stack C
Edge of stack C
End turn hot spot C

S odium temperature
Current

100
95

110
80

386
106
110
107

850OF
775 amperes

Maximum copper temperature 280 C

69

578
133
1247
150

720
167
190
200

775
196
215
231



A stator was energized with a sufficient current to give 3000C winding
temperature. This condition was held for 5000 hours with no apparent deteri-
oration of the electrical insulation.

The manufacturer is of the opinion that the pumps could be operated at
a sodium temperature of 100 0 F although it has not been demonstrated by tests.
However, tests have been run for extended periods pumping sodium at 850*F, which
is adequate for this facility. Also, since electromagnetic pumps have very thin
wall sections in contact with sodium, the expected transients should not impose
problems.

The above information demonstrates the feasibility of these pumps for
use in the primary and secondary sodium systems of the test facility.

MISCELLANEOUS EQUIPMENT

Some miscellaneous surplus equipment which is stored with the B & W
oil fired sodium heater at Lewiston, New York and may be suitable for this
facility, was examined. Listings of this equipment, detail information, and
condition are included in Appendix A.

70



6. SITE REQUIREMENTS AND EVALUATION

GENERAL SITE REQUIREMENTS

To aid in the selection of a suitable site for the test facility, the
following general site requirements and desired features have been established:

Requisites

1. 'A land area of approximately two acres suitable for locating a
facility for testing of liquid metal components.

2. A fenced-in exclusion area having no residential buildings within
a minimum radius of 1/h mile from the center of the test site.

3. A minimum of 100 yards from the perimeter of the test site to any
inhabited buildings on the owners or contractors plant site.

4. Availability of the following services by qualified contractors
within 50 miles of the site:

a. Machine, electrical and welding shops, including qualified
welders for stainless and high alloy steels.

b. Analytical chemistry and metallurgical laboratories.

5. An access road having an overhead clearance at least 13'-6" above
the road surface capable of handling heavy equipment 50 feet long.

6. Availability of suitable process or cooling water for use at a
maximum rate of 5000 gallons per minute.

7. Availability of potable water with an expected consumption of 500
gallons per day at a maximum rate of 20 gallons per minute.

8. Availability of electric power at 440 volts with a maximum expected
requirement of 2500 kw.

Desired Features

1. Buildings - The Facility will require a building or buildings to
contain the test equipment. Fireproof, steel and masonry, con-
struction is required. The buildings must accommodate the following:

a. An area 30' x 40 x 75' high. This space will contain a
201 x 30' test cell for a steam generator with an adjacent
20' x 301 steam and feedwater cycle equipment area.

b. An adjoining area 30' x 40' x 50' high. This space will be
divided into two 20' x 30' cells, one containing the inter-
mediate heat exchanger and the other the sodium piping and
auxiliaries such as cold traps, plugging indicators, etc.
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c. An adjoining area or separate building 201 x 0o' x 30' high.
This area will contain the central control room and auxiliary
equipment.

d. A sub-grade room 20' x 30' x 151 high containing the sodium
storage tanks with unloading equipment above.

e. Office, toilet, locker, and shower facilities suitable for a
minimum of 15 men.

f. An overhead h5-ton crane to service the areas (a) and (b) listed
above is desired.

g. An area approximately 20' x 30' x 20' high separate from the
operating facilities. This space will be used for setup,
disassembly, sodium cleaning and minor maintenance. Avail-
ability of steam in this area is desired.

2. Site - The following general site features are desired:

a. A railroad spur.

b. The prevailing winds should blow in the direction of the least
densely populated area from the site.

c. A pump house and piping system for supplying process or cooling
water to the site at a pressure of 60-100 psi and a minimum
flow rate of 5000 gallons per minute.

d. Fuel oil storage tanks, unloading, and pumping facilities for
No. 2 fuel oil suitable for a maximum continuous flow rate of
25 gallons per minute.

e. Demineralized water or other water treatment facilities capable
of supplying a maximum of 10 gallons per minute of water suit-
able for once-through boiler operation. The effluent from the
water treatment equipment shall have the following analysis:

(1) Free CO2  0 - trace
(2) Specific conductivity 41/2 MMHOS
(3) pH 6.0 - 7.0
(1) Dissolved solids <1/2 ppm
(5) Fe and Cu trace
(6) Silica 0.02 ppm or less

f. Sodium unloading facilities for tank car or drum unloading of
sodium.

g. Plant services, such as compressed air, natural gas, inert gas,
steam for general use.

3. The availability of adequate qualified operating and analytical per-
sonnel within a reasonable distance of the site with previous ex-
perience in testing of liquid metal heat exchangers, steam generators
and other components is desirable.
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Desired Equipment (In order of preference)

It is desirable to have the following equipment on site or available to
the owner or contractor:

1. Sodium heater (one required)
a. Maximum continuous rated capacity
b. Maximum flow rate
c. Maximum continuous sodium

outlet temperature
d. Maximum sodium temperature difference
e. Design life
f. Design pressure
g. Fuel

2. Primary and secondary sodium
circulating pumps (two required)
a. Maximum flow rate
b. Maximum temperature
c. Design life
d. Discharge head

3. Auxiliary sodium loop pump
(one required)

a. Minimum flow rate
b. Maximum temperature
c. Design life
d. Discharge head

4. Sodium cooler IHX regenerative
cycle (one required)
a. Maximum continuous rated

capacity
b. Maximum sodium flow rate
c. Maximum sodium inlet temperature
d. Design life
e. Design pressure
f. Cooling fluid

5. Cold trap unit
a. Minimum flow rate
b. Maximum effluent oxide content
c. Maximum inlet temperature
d. Design pressure
e. Oxide holdup
f. Cooling fluid

Approx. 125 x 106 Btu/hr
3000 gpm
1200 F

175 F
15,000 hours
150 psi minimum
Oil or gas

3000 gpm
1000 F
15,000 hours
80 psi minimum

1400 gpm
850 F
15,000 hours
100 psi minimum

Approx. 40 x 106 Btu/hr

2000 gpm
1200 F
15,000 hours
100 psi minimum
air

10 gpm
50 ppm
1200 F
100 psi minimum
150 lbs
air

SITE EVALUATION

The contract for this study specifies that a survey be made of some
existing sites that will be suitable to accommodate the facility. The selection
of the sites to be examined was to be made by mutual agreement between the AEC and
APDA. The sites to be evaluated have not been established to date. Therefore,
no site evaluation work is presented in this report.

At the request of the commission, prior to establishing the general site
requirements, a possible site at the Alco Products Inc., Dunkirk plant, was examin-
ed. The preliminary site evaluation is included in Appendix B.
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7. SYSTEMS MATERIALS AND FABRICATION REQUIREMENTS

When considering the materials of construction and fabrication, the
equipment and piping in this facility may be classified into two major systems:
(1) the loops Mich contain sodium, and (2) the steam and water loops.

SODIUM SYSTEMS

Any equipment or piping to contain sodium above the temperature of
600 F will be fabricated of Type 316 stainless steel. An exception to this
requirement will be made where existing equipment is to be used: the material of
construction for this equipment must be of equal or superior quality in regard to
strength and corrosion resistance.

Carbon steel will be suitable to contain sodium under 600 F.

All piping will be of seamless fabrication.

Equipment fabrication and all piping connections will be arc welded
in an inert atmosphere. Welds will be radiographed and dye-penetrant checked.
Finished components and loops will be helium leak tested and/or hydrostatic
tested.

All systems containing sodium will be thoroughly clean. In addition
to the usual chipping, grinding, and degreasing of fabricated equipment, the
final system must be either solvent, emulsion, or alkaline cleansed; flushed with
demineralized water and dried.

The following are examples of typical specifications which apply and
are included in Appendix C:

1. Specifications for Main Sodium Piping for Primary and Secondary
Liquid Sodium Systems.

2. Materials Specification for Chemical Composition and for Mechani-
cal and Physical Properties. APDA Specification No. 10-12,

3. Welding of Stainless Steel. APDA Specification No. 10-1.

h. Shop and Field Metal Arc Welding of Carbon Steel Pipe.

5. Cleaning Metal Components and Systems for Liquid Metal Cooled
Power Reactors. APDA Specification No. 10-16.

6. On Site Cleaning of Sodium Cooled Reactor Components and
Associated Equipment, Systems, Structures and Appurtenances.
APDA Specification No. 10-19.

STEAM AND WATER SYSTEMS

High temperature steam piping and equipment for service above 650 F
will be made of 2.25% Cr - 1% Mo steel. All steam and water piping for service
below 650 F will be carbon steel.
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All fabrication of equipment and pipe connections will be welded
wherever possible.

In addition to the regular fabrication, cleaning, chipping, and grinding,
the system will receive suitable degreasing and a thorough potable water flush.

The following are examples of typical specifications which apply and
are included in Appendix C:

1. Steam, Condensate and Feedwater Piping.

2. Shop and Field elding of Chromium Molybdenum Steel.
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8. COST ESTIMATE AND CONSTRUCTION SCHEDULE

To obtain the estimated cost of the facility a construction estimate
has been prepared.' The summary sheets listing these costs are shown in Table 7,
and the detailed breakdown for these costs are included in Appendix D. Also
included, is an Engineering, Design, Procurement and Construction Schedule
(See Figure 11) and a Construction Expenditure Forecast (See Figure 12).

THE CONSTRUCTION ESTIMATE

Because the selection of a project site has not been established, it
has been necessary to base the estimate on a number of assumptions affecting
final cost. In the interest of clarifying and pin pointing the scope of the work
covered, assumptions and exclusions are listed in Table 7. In addition, the pur-
chase cost of certain major equipment components now in AEC storage at Lewiston,
N. Y. has been excluded. Generally, these items are comprised of the oil fired
sodium heater together with its auxiliaries, and two 3,000 gpm electromagnetic
liquid metal pumps.

The estimate is predicted on a h0-hour work week basis and not on an
accelerated construction program.

A quantity take-off, determined from study drawings and specifications
listed elsewhere in this report, as well as manufacturer's quotations for equip-
ment components, form the basis of the estimate. Estimated costs are based on
current 1959 prices.

Alternate estimates, Numbers 1 and 2, are included in Table 7. These
estimates cover:

1. The cost of unloading, erecting, and connecting one intermediate
heat exchanger and one steam generator. This estimate does not
include the purchase or delivery cost of the two equipment
components.

2. The cost of constructing two additional equipment cells, one for
a second intermediate heat exchanger and one for a second steam
generator. This estimate includes only the cost of structural
work together with provision for minimum building services. It
does not include the purchase or erection cost of equipment, system
piping, instrumentation or electrical work.

Since the project location and the contemplated construction period are
indeterminate, the estimate does not include provision for contingency nor esca-
lation. However, it is recommended that a contingency allowance of 15% or more
be added to the estimated cost to cover unknowns and unforeseen items as well as
an allowance for escalation at a rate of about h.5% per year for the number of
years required to complete construction after 1959.

THE CONSTRUCTION SCHEDULE (SEE FIGURE 11)

Like the estimate, the schedule for engineering, design, procurement,
and construction is predicted on a 40-hour work week basis. The schedule gives
consideration to the engineering and procurement lead times necessary for uniform
and efficient construction performance.



g Legend
SODIUM COMPNENTS TEST FACILITY

EZIlNEETWG, DESIGN, PROCUREMEIT & COFSTRUCTION SCHEDULE Continuous Erection
AEC CONTRACT AT9l1-1)-772~Intenmittent Erection - - - - - - -

Frocurement
DESCRIPTION OF WORK MONTHS 1 2 3 5 6 7 8 9 10 11 12 13 1 1 1; 16 17 18 19 20 21 22 23 2L!

Engineering Design, Specifications
Procurement & Inspection

Yard Work - -- - -

Main Buildinr Structur --

Foundations -

Intre Isnlation Walls

Siding, hoofing & Interior Work

Office Building Structure---

-- - li-P w 
- -- -

--

S stes ouiOment & Pi -- e-

Fuel Oil Storage Facility - -

Sodium Heater F.D. System & Stack - ------ ---

Air-Sodium Cooler P48 | ;, N .
E.N. Pumps - Primary & Secondary Soi-Rle eaao

intermediate Heat Exchanger

Stearn Generator -

Sodiun Purification Equiprnent - -

Sudiium Storage L Expansion Tanks -
Boiler Feed Pump,-- --

De-aerator, F.W. Heater, on' enser .-. -odnst -
Ote -um-

Wdater Treating Euipment-___ _

Sodium Piping-Prinary,Secondary &: Se - -

Sodium Flow Control Valves & Flow ;?e - -, -kAT

Steam Feedwater L. Serv. Water Pip -

Inert Gas S stem Equirnent & Piping --

Insulation electric Heating S Paint---

Instrumentation Control--

Auxiliar Power Euoetd Wirn - -

Fi C. 1rown ,.. Dwu of owiinl IBMe__ fob N _. .pr Na. Fia To ssd N.- -f



THE CONSTRUCTION EXPENDITURE FORECAST (SEE FIGURE W)

This is based on the cost indicated in the Construction Estimate and the
time shown in The Construction Schbdule. It envisions disbursements for final pay-
ments within a period of not more than ) months after completion of construction.
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TABLE 7 - CONSTRUCTION ESTIMATE
SODIUM COMPONENTS TEST FACILITY - AEC CONTRACT AT (11-1) - 772

SUMMARY
Sheet No. 1 of 3

Acct.
Item and Description

Material Erection
Cost Labor

DIRECT CONSTRUCTION COSTS
310 Land & Land Rights Not Included

311 Structures & Improvements
A Site Preparation & Improvements on Site
B Main Building Structure Including Services
C Office-Service Building Structure Including Services

312 Boiler Plant Equipment
A el Oil Storage & Circulating Facilities
B Oil Fired Sodium Heater
C Forced Draft System
D Primary Sodium Circuit Equipment & Piping Incl. IHI Regeneration
E Secondary Sodium Circuit Equipment & Piping
F Sodium Service System Equipment & Piping
G Steam- Cycle Equipment
H Steam & Feedwater Piping & Valves
I Inert Gas Systems Equipment & Piping
J Control Air Equipment
K Service Water Equipment & Piping
L Water Treating Equipment

M Motor Generator Sets for E.M. Pump Control
N Instrumentation & Control
0 Systems Purging & Testing Prior to Operation
P Initial Operating Supplies Including Unloading

Q Painting of Equipment & Piping

315 Accessory Electric Equipment
A Auxiliary Power Equipment & Wiring

316 Miscellaneous Power Plant Equipment
TOTAL DIREC'i CONSTRUCTION COST

20,500
i46,400
19,400

21,500
29,500
6,800

461,000
75,000
84,600

147,200
58,500
13,400
3,500

18,000
17,500
68,200
125,000

2,000
15,600

2,000

1oo,ooo

11,200
1,s P800

16,500
105,600
13,600

10,500
45,500
4,600

83,500
23,000
24,o00
11,800
19,800

5,400
1,000
5,000
6,000
4,300

25,000
2,500
i,4oo
8,000

37,000
252,000
33,000

32,000
75,000
11,400

544,500
98,000

109,000
159,000
78,300
18,800
4,500

23,000
23,500
72,500

150,000
4,500

17,000
10,000

Total
Cost

0

50,000 150,000

1,800 13,000
469,200 1, 91,000



TABLE 7 - CONSTRUCTION ESTIMATE
SODIUM COMPONENTS TEST FACILITY - AEC CONTRACT AT (11-1) - 772

SUMMARY
Sheet No. 2 of 3

Material
Item and Description Cost

TOTAL DIRECT CONSTRUCTION COST - Brought Forward
380 Builders Supervision, General Items & Fee

Subtotal
381 Architect-Engineer Services

Total Estimated Construction Cost (1959 Price Base)

1,446,800
196 000
1 2,8004

200 000
1,v 2,00

Note: It is reccinmended that a contingency of 15% or more
be added to this cost to cover unknowns and unforeseen
items, as well as an escalation allowance at a rate of
about 11-1/2% per year for the number of years required
to complete construction after 1959. This note applies
likewise to alternates Nos. 1 and 2 on the following page.

Assumptions:
Trwo acre clear and level plant site

Soil bearing value 3 tons per square foot
Excavation in earth. No rock.
Spread footings. No piles.
Three phase, 2L00 volt power available at plant site boundary.
Service water (5000 gpm @ 20 psi) available at plant site boundary.

Not Included
Land-and rights.
Purchase and installation of intermediate heat exchanger or steam generator.
Purchase cost of fuel oil pump.
Purchase cost of oil fired sodium heater, forced draft fan and stack.
Purchase cost of two 3000 gpm electromagnetic liquid metal pumps.
Purchase cost of other usable equipment in AEC storage at Lewiston, N. Y.
Initial supplies of fuel oil and inert gas.
Crawler crane for handling intermediate heat exchanger and steam generator.
Interest during construction.

Acct.
No.

Erection
Labor

1469,200
84,000

553,200

353,200

Total
Cost

1,916,000

2,196,00020000
200,000

2,396,000

H

1.
2.
3.
h.
5.
6.

1.
2.
3.
h.
5.
6.
7.
8.
9.



TABLE 7 - CONSTRICTION ESTIMATE
SODIUM COMPONENTS TEST FACILITY - AEC CONTRACT AT (11-1) - 772

SUMMARY
Sheet No. 3 of 3

Alternate #1. If the erection of one (1) steam generator and one (1) intermediate heat exchanger
is to be included, add the sum of $39,000. This estimate of cost does not include
the purchase and delivery cost of the two components but does include:

1, Erection cost and cost of connecting welds.
2. Purchase and installation of thermal insulation.
3. Electrical heating equipment.

Alternate #2. If the construction of two additional cells, (One steam generator and one
intermediate heat exchanger cell), is to be included, add the sum of $115,0Q.
This estimate of cost includes only the structural work together with minimum
building services. It does not include the purchase or erection cost of equipment,
system piping, instrumentation or electrical work.

Note: Performance of the work covered by alternates #1 and #2 is to be carried on concurrently
with the work covered by the base estimate.
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June 12, 1959
(1-.--59)

MEMORANDUM TO: R. H. Anderson

FROM: W. F. Colbert

SUBJECT: Contract AT (11-1) - 772
Inspection of Oil Fired Sodium Heater, B&W Co.
Contract NPD 79057-F at Lewiston, N. Y.

REFERENCES: 1. Contract between APDAand U.S. AEC, Appendix B,
"Functional Specification for Sodium Components
Test Facility"

2. Memo from A, Amorosi to A. P. Donnell & J.J. Morabito,
5-20-59, "Study of Sodium Components Test Facility"

1. Introduction

1.1 Information was desired on the location ad condition of:

a) The 30-35 Mw sodium heater mentioned in references 1 and 2.

b) Four linear E.M. pumps believed to be stored with the sodium heater.

c) Miscellaneous auxiliaries.

1.2 Inquiry was directed to the AEC, Chicago, Illinois and information
obtained locating the sodium heater at the Niagara Falls site, AEC.
The site is near Lewiston, N. Y. and is operated by Olin-Mathieson
Corp. for the AEC.

1.3 The writer was at the above site on June 9 and 10, 1959 to obtain
information on the physical condition of the subject equipment.

2. Oil Fired Sodium Heater

2.1 The sodium heater is completely disassembled and is stored in Shed #22.
The heat transfer section is in three pieces and apparently never was
removed from its shipping frame.

2.2 All openings in headers, etc. have been weather-sealed.

2.3 The headers carry an ASME Code stamp for a working pressure of 150 psi.

2.4 The sodium heater was shipped from KAPL at Schenectady, N. Y. to
Lewiston during the early part of last winter. Shipment was made by
motor freight and comprised fifteen trailer loads (approx. 300,000 lb)

2.5 Parts, if not all, of the equipment were evidently exposed to weather
while at KAPL.



INemo to R. H. Anderson

2.6 Much of the steel work was received at the Niagara Falls site in poor
condition and was designated 'R-4' by the receiver. I understand that
this designation means very poor condition.

2.7 The steel work was wire brushed and sprayed with Rustoleum #769 and a
great percentage of it appeared to me to be in very good condition.

2.8 According to the site inventory, a few pieces of the steel work are
missing.

2.9 All pieces of steel, pipe, plate, etc. available, have been measured and
listed. The only copy existing is at the Niagara Falls site.

2.10 Included in the shipment were 32 weather-sealed boxes. The weather-
sealing is new but some of the boxes are weathered. According to the
packing lists, fifteen of the boxes contain firebrick or insulating
material; six contain instruments, and the remaining eleven contain
miscellaneous equipment. Copies of the box packing lists are included.
Boxes 1, 2, 3, h, 6, 7, 21, 22 & 2 are stored in heated Bldg. #401.
The remainder are in Shed #422.

3. Heater Auxiliaries

3.1 All auxiliary equipment serial numbers check with those listed in B&W
Technical Manual 600-0009.

3.2 The fuel oil pump, oil burners, several sections of the force draft fan,
the breeching and the three 20-foot sections of 7 ft dia. stack are in
Shed #422. All except the oil burners appear to be in excellent condition.

3.3 The five oil burners are in an open crate and suffered some corrosion.
They have been sprayed with a heavy coating of Rustoleum #769.

3.4 The oil burners are hand controlled and may be quite difficult to convert
to automatic control for transient tests. They carry AEJ 928 made in
1955 on the nameplate.

3.5 The fuel oil pump and forced draft fan motors are stored in heated
Bldg. #401.

4. E.M. Pumps

4.1 Four linear E.M. pumps are stored in heated Bldg. #01.

a) G.E. Co. NP 166734
440 V, 3 phase, 60 cycle
Rating @ 580 F Resistivity 6.97 microhm-in

3300 gpm 85 psi rise 448 V 850 amp
Rating @ 700 F Resistivity 8.11 microhm-in

3200 gpm 80 psi rise h4h V 825 amp

b) No nameplate. Carries paper sign with number 5KY236 AK-1 and
information that the pump had been cleaned. It is similar to,
but not identical to, a).
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Memo to R. H. Anderson

c) G.E. Co. KY236 AD-1
Rebuilt by Fairbanks-Morse Serial 6891710

440 V 3 phase 700 amp
3000 gpm @ 75 psi rise @ Resistivity 18.2 microhm-cm

d) No nameplate - apparently identical to c).

5. Miscellaneous auxiliaries

5.1 Two 220 gpm 60-ft head centrifugal pump sets with 7-1/2 HP
motors in excellent condition are stored in Bldg. #401.

5.2 A special purpose steel tank L ft. diameter by 9 ft. high with
no nameplate is stored in Shed #422.

5.3 Pallet #14 contains:

a) 8" S.S. check valve
Operate ing temp. range 750-580 F

Max. temp. 700 F
Flow rate 3300 gpm

Made by G.E.Co. Guided Missiles Dept.
KAPL Contract NPD 79056

Static Test Pressure
300 psig @ 70 F
200 psig @ 700 F

b) 8" S.S. angle valve Crane Dwg. 29772
850 F @ 125 psi

6. Rating

6.1 This unit is rated @ 29.3 Mw @ 100,000,000 Btu/hr with 580 F
sodium inlet and 850 F sodium outlet.

6.2 At 125% rating - 36.6 Mw @ 125,000,000 Btu/hr with 870 F sodium
inlet ard 1200 F sodium outlet and 3500 gpm.

6.3 At sodium temp.diff. of 500 F with 1200 F sodium outlet can
obtain 70.4% of rated flow or 2460 gpm.

7. General

7.1 Rail sidings within a few hundred yards at the storage site and
the availability of Lk e Ontario ports should make for relatively
easy shipping.

7.2 Inspection of the contents of boxes 1, 2, 6, 21, 22 and 24 will
reveal the condition of the majority of instruments.

7.3 If further information is desired and another visit to the Niagara
Falls site be required, several days notice has been requested by:
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Memo to R. H. Anderson

Mr. Leo Graup
AEC Contract Administrator
AEC Property Division
New York Operation Office AEC
New York, N. Y.

8. Conclusion

8.1 If unit of above size and temperature limitations is desired, the
excellent overall condition of this unit warrants further investigation.

WFC :fe=
cc: J. J. Morabito

(retyped 11-4-59:am)
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Copy of Packing Lists
Box #1

Insulators 1/8" I.D. x 1/14
Extension #148217A1
Pulley 8-1/2" dia. 5 sections
Matched pulley belts C-180
Transmitter Diff. Press.
Fittings (Spec. 5)
Contactor, Time delay relay
Transmitter, Electronic

"t Bailey
Pressure

Valve positioner, Bailey
Control drives, Baie y
Control positioner for damper
Transmitter, pressure
Flow transmitter

for 2" shaft

98,000
1
1
1 set
1
1
1
1
1
1
1
2
1
1
1

Box #2

Pump with motor - Milton Ray
Valve control 1"

" " 1/2"
Level control
Valve fuel oil supply 1-1/2"
Flow transmitter, oil supply
Panel style OX-481120A2

Box #3

Rope asbestos
" "1

"1 t

"t "1

Gaskets
Strip asbestos

"1 I

1-1/41
1-3/8"
1-3/8"
1-3/8"

1/8" thick
It I"

lb " I .020"
Parts for burner igniters
Igniters oil burners
Bolts sq. hd. steel 1/8 x 1"

Box #4

Fuse holder 250 V 30 amp
Electrical boxes 2-1/2" square
Box starters
Elbows 8" 900

ft Rope asbestos 1-3/8"
ft. " " 1-3/8"
ft " " 5/8"

Burner plate
Motor base plate

88

drive

ft
ft
ft
ft

b
b

1
1
1
1
1
1
1

120
2140
900
220
4
63 1
17 1
3.5
3
2
40

39
47
2
14
220
240
450
1
1
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Copy of Packing Lists
Box #5

Pipeplugs 8" w/rubber plugs
Bolts steel hex hd 3/4-l0 x 1-1/2
Studs steel full thrd 3/h-10 x 2-7/8"
Nuts 1/2" - 13
Bolts, hex hd 1/2-13 x 1-1/h w/nut

I" i" i

h
122

50
675

250
8

24
70
30
30
10

S
10
8

30
1

558
278

88
31

8
52

101
51
25
22

123-
5
5

w/nut
i
it

Collar bolts step down
Clips S.S. for 1/Li' tubing
Studs steel 1/2-13 x 2
Boltshex hd 1/2-13 x 1-3/4
Sleeves steel
Strainers galv 3/h"
Clamps 1/2"
Clamping bars - tee shape
Baffle plates S.S.

i" "1 i
Hex nuts 1/2-13
Hex nuts 1/2-13
Nuts hex hd 3/h-10
Bolts hex hd 3/4-10 x 1-1/2

"t " t" 3/8-16 x 1-1/2
" "1 "t 3/8-16 x 1

Hex nuts 1/2-13
" " 3/4-10

Bolts hex hd 3/h-10 x 1-1/4
"t i " "1/2-13 x 1-1/2

Angle S.S. 1/16 x 1/2 x 1/2
Flange plates 17" dia
Burner vanes

Box #6

8
6
5

15 pc
6
2
2
7
2
1
2
1
1
1

20
2
3
5

Junction boxes h"
"t i" 6xh

Sheet metal enclosures
Steel rod 3/32 x 12" lg
Instruction books
Transformers
Valves 1" Y-pattern
Junction boxes 6 x h
hir Filters
Pressure transmitter

i" "t

"I "I

1

Control system - Fireye
Terminal boards
Wrenches blue print
Oil burner igniters
Valves, solenoid

Box #7

670 lb Weld rod
189 lb Electrodes

89

w/nuts
"1

x 18" lg

June 12, 1959

"t



Copy of Packing Lists June 12, 1959
Box #8

2 Spool C.S. pipe 6" x 9'5" lg .w/flanged ends

Pallet #j

1 8"S.S. angle valve
1 8" S.S. check valve
1 box Spare parts

Box #15

1 3" Pipe black iron x 28" ig w/2 3" elbows
5 Burner plate covers cone shaped
1 Motor base G.E. 41" x 29-1/2" C.S.
2 8" pipe elbows 1200
2 5" valves Walworth
2 4" "f "

1 2" " Crane
7 Burner plate covers

Box #16

2 Expansion joints, rubber, 5"

Box #19

1 Limitorque unit w/h" valve

Box #20

1 Limitorqa e unit f/h" valve

Box #21

1 Part of water level indicator
1 3/h" valve, Fisher-Governor
2 1/2" "i"1"
1 2" " Powell

Box #22

1 Transmitter Liqiid Level Model 60
1 1" valve, Fisher Governor
2 1/2" valve " "

Box #23

1 Limitorgce unit w/2" valve

Box #2

1 Cabinet, Reactor Compartment amplifier #110, Ser. 3262199, containing
a discriminator, Ser. #3242121. Used to measure sodium pump flow and
section pressure.

Box #9

600 ft Thermocouple wire 14 ga
? Koocast #20 brick (25 per box)



Copy of Packing Lists

? Koocast #20 brick

? Koocast #20 brick

Koocast #20 brick
175 t #26 "

18 bags Insulation 30# bag

16 bags Insulation 30# bag

168
252

395

69
62

396

1 crt

1 crt

1 crt

1 crt

1 crt

June 12, 1959

Box #10
(25 per box)

Box #11
(25 per box

Box #12
(25 per box)

U 11 II

Box #13
is

Bax #17
rs

No box #18 listed

Box #25
Koocast Brick #20
"Junior" brick

Box #26
"Junior" brick

Box #27
Tile Allumel 13" x 4-7/8"x 3
"Junior" brick

Box #28
"Junior" brick

Box #29
Koocast block

Box #30
Koocast block

Box #31
Koocast block

Box #32
Koocast block

Box #33
Koocast block



November 2, 1959

MEMORANDUM TO: File

FROM: R. H. Anderson

SUBJECT: Contract AT(l-1)-772
Inspection of Existing Equipment for Sodium Components
Test Facility at Lewiston, New York

REFERENCES: 1. Contract between APDA and USAEC. Appendix B,
"Functional Specification for Sodium Components
Test Facility".

2. Memo from W. F. Colbert to R. A. Anderson, 6-12-59,
"Inspection of Oil-Fired Sodium Heater"

1. Introduction

1.1 As part of the subject contract, APDAi3 to inspect and determine
the condition of some existing AEC surplus equipment for possible
use in the Sodium Components Test Facility. Due to the incomplete
descriptions, etc., given in the packing list information listed
in Reference 2, it was decided to inspect the contents of boxes
1, 2, 6, 21, 22 and 24.

1.2 The writer visited the storage site near Lewiston, New York on
July 16, 1959 to inspect, classify and obtain information on the
physical condition of the subject equipment.

2. Inspection Report

2.1 The equipment to be inspected was packed in weather-sealed boxes
and was stored in heated Bldg. #401. The boxes appeared in good
condition with the weather-sealing intact.

2.2 The subject boxes were opened and the contents examined. The
description and information on the equipment is listed on the
attached Appendix A.

2.3 All the equipment inspected was in serviceable condition, with a
majority new or never placed in service.

RHA : am
attachment
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Mfgr.

BOX N0. 1

Bailey
Meter

Brown

Bailey

Bailey

Bailey

Bailey

Bailey

Bailey

Foxboro

BOX NO. 2

Bailey

Description

Electronic transmitter

Differential pressure
transmitter

Pressure transmitter

FD Fan outlet damper
control drive

Transmitter

Sodium pump speed
Transmitter

Transmitter

Purge interlock

d/p cell

Transmitter

Serial No.

261995

80h649

220998

Style or
Type No.

Model No.*

Type BD-1
662609A3A*

292N7G3*

BR-1361
A*

Type A066P
200*

Type UR1343
Style FSL-2
AD*

Type ACtLPX
200*

Type KP1310
AX*

Type RA4l10
P21RW*

Type UR13h3
Style FSL 2
AO*

Rating

115 volts
60 cycle

0-100" H 20
750 psi

115 volt
60 cycle

1500 psi

APPENDIX A
Page 1 of 4

Remarks

Stroke 3"

Head h" H 2 0

Stroke 0.312"

0-100" range

Stroke 0.312"

265215

252264

261937

25h469

317083

26524L



Mfgr.

Fisher
Governor

Milton Roy

Fisher
Governor

Fisher
Governor

Bailey

Bailey

BOX NO0 6

Foxboro

Foxboro

Hoflytron

Description

Leveltrol

l" control valve

1" control valve

1" oil return control
valve

l" oil supply control
valve

d/p cell

Supply regulator

Transformers

Style or
Type No.

Model No.*

Type 2500R-249

Duplex
2-34-74*

Type 555T

Type 555T

Type 1
YFDS 9M

AFDS-1B*

Serial No.

2570272

40829

Rating

125 psi (e 360F

Cap. 13.8 gph
370 psi

2621029
Bailey H38403

2570270

H37964

H38099

317084

Type 67RPE

Spec. 3387

1500 psi

APPENDIX A
Page 2 of 4

Remarks

Float 3" dia. x 1W" long
304 ss

Stroke - 3"

Trim 18-8, valve travel
1-7/16". Inner valve ISPOO

Flanged ends

Welding ends

0-277" range

-

Fri 117V 60 cyc.
Sec 900 CT

a" pressure regulator

3/h" pressure regulator

Pressure transmitter

(5) 2" solenoid valves

4910

4910

317088 Range 350-
650 psi

J346
803023*

Air pressure regulator
incl.

Propane butane

Cash

Cash

Foxboro

Asco



Mfgr. Description

Foxboro

Foxboro

Crane

Foxboro

Fireye

BOX NO. 21

Fisher

11 Governor

Fishe r

Governor

PoweU

Fisher
Governor

BOX NO. 22

Fisher
Governor

Moore Prods.

Fisher
Governo'

Pressure transmitter

Pressure transmitter

(2) 1" hand operated
valves

Pneumatic d/p cell

Complete Fireye system

3/4" control valve

1/2" control valve

2" bellows seal valve

1/2" control valve

i" control valve

Liquid level trans.
mitter

2" control valve

Style or
Type No.

Model No.*

Cat. 7852-U
Y-pattern*

Type 667A DMV

Type 555T

Angle Type

Type 555T

Type 555T

Nullmatic
20S61 30*

Type 555T

Serial No.

317086

317087

317085

Rating

Range 0-400 psi

1500 psi

2615157

2621026

2621028

APPENDIX A
Page 3 of L

Remarks

Air pressure regulator
incl.

Air pressure reg. incl.

0-277" range

Powell order W8682

2621027

2621025



Mfgr.

Fisher
Governor

BOX NO. 2k

General
Electric

Description n

1" control valve

Style or
Type No.

Model No.*-

Type 555T

Controller

APPENDIX A
Page 4 of 4

Serial No.

2620829

Rating

7003E17G1 Instruction book
GEl-49075

RHA:am
lL-2-59
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APPENDIX B

SITE EVALUATION

97



May 25, 1959

(Rev. 11-13-59)

TRIP REPORT - R. H. Anderson

SUBJECT: Sodium Components Test Facility
Preliminary Site Evaluation

DATE: May 21, 1959

PLACE: Also Products, Inc.
Dunkirk, New York

PRESENT: Alco Products, Inc.

R. M. Church
Roy Seifert
Lloyd Waite
Tom Ward

AEA

R. H. Anderson

PURPOSE: To conduct a preliminary site evaluation for the Sodium Components
Test Facility at the Alco Products - Dunkirk plant as suggested in
the Atomic Energy Commission's letter of May 18, 1959.

The suggested site, Bldg. h0,was examined by Messrs. Church, Seifert and
the writer with the following observations and comments made:

1. The existing building is 650 ft. long x 176 ft. wide, -of steel frame con-
struction with brick sides and a wood plank and builtup roof. This
building consists of a center bay about 70 ft. wide and 38 ft. high with
two side bays 50 ft. wide and 2 ft. high. The floor is a rough concrete
slab.

2. The center bay has two 20-ton cranes with approximately 30 ft. free height
below the crane, while the south bay has three 5-ton cranes and the north
bay, three 10-ton cranes having roughly 20 ft. free height below the crane
hook.

3. An extension on the north side of the building contains office, washroom
and shop or storage space. There were a number of individual offices within
the office section that would be very adequate for operating and supervisory
personnel. The washroom ad locker facilities would be adequate for accomo-
dating 50 to 60 persons.

4. There are four railroad spurs into the building, with two spurs entering
the north bay and two into the center bay. The location of the tracks are
shown on the marked up drawing of the plant plot plan drawing.
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Trip Report - R. H. Anderson May 25, 1959
May 21, 1959

5. There are a number of pits located within the building with the two largest
ones being shown on the plot plan, one being a 25-ft. wide, 100-ft. long,
20-ft. deep pit in the center bay and a roughly 10 ft. x 10 ft. pit in the
north bay.

We, then, consulted with the plant engineer, Mr. Lloyd Waite, concerning the
normal services and facilities existing within the building. He advised us of the
following:

1. There is a 6-inch city water connection into the building supplying both the
plant services, offices, and washrooms. This connection is located on the
west side of the south bay. He advised that he had checked the water avail-
able to the entire Alco plant site and it would appear that a maximum of
approximately 2,000 gallons per minute of city water would be available for
use in the proposed test site with the existing mains.

2. The power available to the building is L0-480 volts entering on a trestle
on the north side of the building. There is a spare 6000 kva transformer and
Alco intends to install three 833 kva transformers adjacent to the building.

3. Plant air also enters the building on the electrical trestle supplying air
at 100 psi. When questionned as to whether or not roughly 100 cfm would be
available, they advised that they are installing a new compressor and this
amount certainly would be available for any operation in this area. The air
would certainly require filtering and drying for instrument use.

4. No water treating facilities suitable for boiler feedwater are installed in
this building. The only water treating system within the plant is a small
demineralizer installed in the main machine shop for cleaning and rinsing for
nuclear applications.

5. A check showed that the crane columns in the center bay were designed for a
maximum load of two 20-ton cranes side by side.

6. We were advised that the building sits on a rock strata with bedrock being
roughly 20 to 22 feet below the floor level. Any required excavation for
pits does require blasting for any excavation extending deeper than 3 feet
or so. The pit walls generally do not require any finishing after blasting
since they seem to be watertight, however, the normal procedure is to install
a sump pump at the bottomof the pit to keep the pit dry.

A discussion was then held with Mr. Ward, the Dunkirk plant manager, to dis-
cuss our review of the building. Mr. Ward advised that Alco was definitely plan-
ning to demolish the center and south bays of Bldg. 40. He further stated that
Alco would give consideration to constructing any required structure adjacent to
the remaining north bay to accommodate e the sodium components test facility. Aleo
is intending to utilize the north bay of this building for testing of some other
components. One mentioned was the testing of the skid mounted power reactor com-
ponents that they are now designing. I assume that this would be a nonnuclear
test facility.
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The existing boiler house was inspected as a possible site. The building is
roughly 155 ft. x 173 ft. with a 30-ton crane through the engine room half of the
building. A very serious drawback to this building is that it faces directly on
to Roberts Road which is the main thoroughfare past the plant and there are homes
directly across the street from the building. On the basis of the lack of exclu-
sion area, this building or site was given no further consideration.

Mr. Ward stated that just south of the gun shop that an existing structure
used for sand blasting, might be a possible site for the test facility. This
building was of transite siding construction, open on one end, with a craneway
extending through the building and out into the yard. The crane was fairly high
and it was believed that the capacity of the crane was 10 tons. The type of con-
struction of this building would offer not much more than just an enclosure for
the site and, I do not feel, should warrant much further investigation.

General Comments on Site

1. Structurally, the north bay of Bldg. 40 appeared in good condition. The
shape of the building, being relatively narrow (50 ft. in width and 650 ft.
long) would not necessarily give a good layout arrangement. Generally, a
long narrow building does not allow the optimum economical arrangement of
equipment. Further, the low height of the crane does not provide much in
the way of utilization of the crane in this facility. Particularly, one
of the units to be tested within this facility will be the 65-foot long
vertical unit that Alco has designed. Certainly, this building would not
be capable of housing this unit.

2. Directly north of the north bay is the main access way from the entrance
to the plant to the plate shop. This area is used by both workers and
for trucking materials within the plant. This is undesirable since there
is no exclusion in the event of a sodium-water mishap. To the west of
the building is an open pipe storage space with an exclusion of roughly
250 ft. clear. To the south side of the building is a fair exclusion
area being roughly 500 to 600 ft. to a residential area. On the east
side of the building the existing structures will be removed and there
is fairly good exclusion facing onto the railroad lines. However, these
rail lines are heavily travelled and might present a serious liability
problem in the event of a sodium-water mishap.

From the above it would appear that the location of the building is not
desirable insofar as possible injury to personnel or damage to adjacent
property with a sodium-water reaction problem. The AEC, I an sure,
should be advised of the liability possibilities from such a site selection.

3. Alco also advised that the future office building that they are contem-
plating to erect would probably be erected at the present site of the
boiler room which would be roughly 300 ft. from the site. Again, I feel
that this would pose a problem of having an office building with the
clerical help and engineering, etc., very adjacent to a sodium test site
which certainly is not desirable.

4. The general weather conditions in the Dunkirk area would dictate that the
site would have to be enclosed or, at least, almost all of the operating
areas would require closure because of the large snowfall and prevailing
temperatures. Although the office space and north bay might be adequate
for utilizing a good part of the equipment, it would appear that an
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additional structure would be required for the steam generator equipment.
I am sure that this would have to be enclosed or we might have relatively
difficult tracing and heating problems to keep our sodium and instrumentation
lines in operating condition during the winter. The normal snowfall in this
area would require that the steam generator enclosure be an adequate struc-
ture; not just an enclosure for operator convenience.

5. In our discussions with Mr. Seifert, the question came up as to the manning
of such a facility by Alco people# Mr. Seifert stated that Alco had no
experience in operating sys tems with sodium aside from the engineering per-
sonnel that had worked on the design of the sodium component steam generator
and possibly design group for the Fermi IHX's. He felt that they would have
some engineering talent available for utilization and in analyzing the test
results from these tests. They would have to obtain the required. operators
and technicians to operate this site.

RHA: am
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APPENDIX C

MATERIAL AND FABRICATION

SPECIFICATIONS
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Specification for Main Sodium Piping

for

Primary and Secondary Liquid Sodium Systems

A. Materials and Testing.

All material shall be Type 316 stainless steel and shall conform to

Section II of APDA Materials Specification No. 10-12 for chemical compo-

sition and for mechanical and physical properties. The tests shall be

performed in accordance with those outlined in this specification.

B. Codes and Standards

1. For all details not covered in this specification, piping shall be

designed, fabricated, and tested in accordance with the Code for

Pressure Piping ASA B-31.1-1955, Sections 1 and 6.

2. Pipe Specifications.

Pipe shall conform to the following ASTM Specification for

process and manufacture, heat treatment, discard, tensile require-

ments and properties, bending properties, flattening tests, hydro-

static tests, testing details, permissible variations in weight

and dimensions, inspection and rejection:

12" and smaller ASTM-A-376

Supplementary tests are required.

3. Fitting Specification.

All fitting shall be seamless, buttwelded fitting conforming

to applicable parts of ASTM-A-182 and the piping specification

ASTM-A-376.
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Fitting dimensions shall be in accordance with ASA-B16.9

where applicable. Elbow radii shall be one and one-half (1-1/2)

diameter.

C. Design Conditions and Pipe Schedule

Temperature (Maximum) 1300 F
Pressure (Maximum) 150 psig
Schedule 40
Nominal size 8 in.
Nominal wall thickness 0.322 in.

D. Stress Calculations

Reference is made to the flow diagram APDA 5XN-2792 and Facility Piping

Layout drawings APDA 6XN-2710 and 6XN-2709.

Stress analysis calculations shall be made on the entire sodium loops

using the sodium heater, sodium cooler, intermediate heat exchanger, steam

generator and sodium pumps as fixed anchor points.

The following temperature conditions will be calculated separately:

a. Full load plant operating conditions.

b. All thermal shock conditions.

Stress analysis calculations submitted shall include:

a. Forces in each plane for each vessel and nozzle in the

systems.

b. Moments on each nozzle.

c. Stress values for hot and cold conditions in each branch
of piping.

d. Effect on design and stresses with and without cold spring
and the amount of cold spring.

e. Critical frequency of piping systems.

f. Movements of key points in each plane.

It will be noted the "vessel" herein mentioned shall include the oil

fired sodium heater, sodium cooler, intermediate heat exchanger, steam

generator, and expansion tanks.
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E. Hangers, Supports, and Guides

a. Hangers, supports, and guides shall conform to the require-

ments of Section 6 of the Code for Pressure Piping.

b. The Contractor shall furnish all hangers and supports.

c. Hangers and supports shall be so spaced that pipe
deflection will not interfere with complete drainability
of the systems.

d. If welded support lugs are attached to the piping this
shall be done in the shop, not the field.

F. Draining and Venting

Piping shall be designed such that complete drainage can be obtained

from all low points and that all high points can be vented.

G. Piping Connections

All auxiliary tops and instrument connections shall be designed such

that the welds can be radiographed. The designs must be submitted subject

to approval.

H. Drawings

1. Ten (10) copies of each outline drawing, assembly drawing, and

detail drawing complete with dimensions, tolerances, material list,

and welding details shall be furnished for approval. Fabrication

shall not proceed until such approval has been given.

2. After approval, Contractor shall furnish (10) prints and one trans-

parent print suitable for reproduction of each approved drawing

including certified dimension sheets of all equipment purchased by

the Contractor from others.

3. Approval of Contractor's drawings shall not, in any way, relieve the

Contractor from any responsibility for the satisfactory design,

materials, workmanship, and operation of the equipment.
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I. Fabrication

1. General

The maximum use shall be made of shop welded piping assemblies

to reduce to a minimum the number of field welds. However, the size

of the assemblies and the location of the butt-welds shall be

limited by shipping facilities and by installation requirements in

the test facility buildings.

2. Welding

a. All welding shall be in accordance with the APDA Welding
Specification No. 10-1, attached to and made a part of this
specification.

b. Two (2) certified copies of the Contractor's proposed welding
procedure shall be furnished for approval.

c. Two (2) certified copies of the operator's qualification
test records, as specified in accordance with Section 18 of
the APDA Welding Specification No. 10-1.

d. Welding records shall be maintained for each joint and
two (2) certified copies shall be furnished APDA.

e. Welding repairs shall be made in accordance with Section 18
of the APDA Welding Specification No. 10-1.

3. Pipe bends at the recommended radius may be used.

J. Tests on Welded Joints and Assemblies

1. Radiograph and Dye-Penetrant Tests

Each longitudinal seam weld, butt-weld branch connection,

auxiliary top, and hanger lug shall be given radiographic and dye-

penetrant tests as outlined in Section #17 of the APDA Welding

Specification, Revision #1 and Sections B and C of Section III of

APDA Material Specification and Testing Procedure Specification

No. 10-12. Standards for acceptance or rejection shall be as

mutually agreed to by the Contractor and APDA.
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2. Hydrostatic Test

A hydrostatic leak test shall be given to the fabricated assemblies

according to ASTM A-376.

3. Test Results

Two (2) certified copies of all test results shall be furnished

including all the required chemical, physical, and mechanical tests

of the ASTM and APDA specifications. This includes check analysis,

material certifications, results of ultrasonic tests, and radiographic

films, properly identified, together with an examination report.

K. Defective Material and Workmanship

Defective equipment resulting from material or workmanship shall not be

repaired and used without the prior approval of APDA.

L. Cleaning and Marking

1. All material and subassemblies shall be cleaned, marked, and comply

with surface finish in accordance with Section IV of APDA Materials

Specification No. 10-12.

2. Piping assemblies shall be sealed air-tight and pressurized with dry

air at approximately 5 psig. Moisture shall be reduced to a

minimum, within practical limitations.

M. Shipping and Handling

1. Suitable weather protection, blocking, straps and skids shall be

provided to protect all equipment from damage in transit and during

storage and handling.

2. Contractor shall furnish an estimated material procurement, fabri-

cation, testing (for each test), and shipment schedule as soon as
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possible after the contract is awarded. This schedule shall be

corrected each time an estimated date becomes firm or changed.

N. Guarantee

Contractor shall guarantee that the equipment to be furnished will be

free from all inherent defects in design, workmanship, and material and will

give proper and continuous service under all the conditions and services

required and specified, or which may be reasonably inferred from the speci-

fications. Contractor shall replace, at his own expense, any part of the

work or material proving defective within one (1) year of the date of

installation provided the defects existed at the time of installation or

were caused by poor workmanship or poor material.
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SECTION I

General Requirements

A. Compliance to Specification

The materials, as specified in APDA specifications for piping and

equipment components for use in liquid sodium shall conform to the

specifications set forth in the ASTM standards herein referred to,

except as may be noted. Any substitution or deviation from these

specifications may be done only with prior approval by APDA.

The allowable chemical composition limits are listed in Table 1.

Cobalt analysis is required for all material. Waivers on chemical com-

position may be granted by APDA when specifically requested by the

contractor.

Three certified copies of the ladle and/or check analysis made at

the mill and the results of the physical tests made in accordance with

the provisions of the applicable ASTM Specification and this specifi-

cation shall be furnished APDA directly by the supplier.

112



SECTION II

Material Specifications

A. Code References

1. Plates, Sheets and Strips (Unfired Pressure Vessels)

Plates, sheets and strips shall conform to ASTM Specifica-

tion A2h0-54 Grade S.

The following exceptions and additions to physical tests,

as called for in ASTM A240, shall apply:

a. Intergranular corrosion test not required.

b. Ultrasonic and/or radiographic tests required on all plates.

2. Seamless and Welded Austenitic Stainless Steel Pipe and Tubes

Stainless steel pipe and tubes shall conform to the following

ASTM Specifications:

a. ASTM A376-55T Grade TP16 for seamless austenitic pipe for

high temperature service (up to and including 12-inch

diameter).

b. ASTM A358-55T Grade S for electric-fusion-welded austenitic

chromium-nickel alloy steel pipe for high temperature serv-

ice (8 -inch diameter and larger made from plate).

c. ASTM A213-55T Grade TP316 for seamless austenitic steel

boiler, superheater and heat exchanger tubes.

d. ASTM A2h9-55T Grade TP316 for welded austenitic stainless

steel boiler, superheater, heat exchanger and condenser

tubes.

The following addition to physical tests, as called for in

the above ASTM Specifications, shall apply:

Ultrasonic and/or radiographic tests.
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3. Castings

Stainless steel castings shall conform to ASTM Specification

A351-52T Grade 316 and ASTM Specification A296-55, whichever

applies.

The following additions to physical tests, as called for in

the above ASTM Specifications, shall apply:

a. Hydrostatic test (if applicable).

b. Liquid penetrant test.

c. Radiographic tests (100 per cent of castings).

d. Ultrasonic tests (if applicable).

h. Forgings

Stainless steel forgings shall conform to ASTM Specifications

A182-55T Grade 316 and A336-55T Class 316 as applicable.

The following additions to physical tests, as called for in

the above ASTM Specification, shall apply:

a. Macroscopic etch tests shall be made in addition to the

check analysis.

b. Hydrostatic tests (where applicable).

c. Ultrasonic and/or radiographic tests (100 per cent of forg-

ing).

5. Miscellaneous

a. Annealing

Any annealing or heat treating of plates, forgings or

castings, excluding mill heat treating, shall be done only

after prior approval. of temperatures and procedures by APDA.



b. Welding

All welding shall be done in accordance with APDA

Specification 10-1, "Specification for Procedure for Welding

of Stainless Steel."

c. Chemical Analysis

Methods of chemical analysis of the materials specified

herein shall conform to specifications set forth in the 1950

Book of ASTM Methods of Chemical Analysis of Metals. Sampling

and test specimens shall be taken from the material being

tested according to the provisions for sampling set forth in

the individual ASTM Specifications listed herein.

d. Chemical Composition

All chemical compositions shall conform to Table 1.

TABLE I

Type 316 and 317 Stainless Steel

Chemical Composition

Element (w/o) Type 316 Type 317

Carbon 0.08 max. .08 max.

Manganese 2.00 " 2.00 "

Silicon 0.75 " 0.75 "

Phosphorus 0.04 " 0.09 "

Sulphur 0.03 " 0.03 "

Chromium 16.0 - 18.0 18.0 - 20.0

Nickel 11.0 - lh.0 11.0 - 14.0

Molybdenum 2.0 - 3.0 3.0 - 4.0
Nitrogen 0.1 - 0.2 0.1 - 0.2
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SECTION III

Materials Testing

A. Ultrasonic Testing

Ultrasonic testing of stainless steel used for plate, pipe,

tubing, forgings, and castings for equipment called for in APDA

specifications shall be accomplished by the method outlined below,

or acceptable equal.

1. Definitions

a. Laminar-type defect

Any defect whose major dimensions lie in a

plane approximately parallel to the surface or

'ajor dimensions of the material being tested, and

approximately perpendicular to the ends of minor

dimension of the material.

b. Transverse-type defect

Any defect whose major dimensions lie in a

plane approximately parallel to the ends or minor

dimension of the material being tested and approxi-

mately perpendicular to the surface of major dimen-

sions of the material.

c. Transverse-type defect

extending circumferentially

Any defect which occurs in a curved material,

such as pipe or tube, whose major dimensions lie in

a plane approximately perpendicular to the longi-

tudinal axis of the material being tested.



d. Radial defects extending longitudinally

Any radial defect which occurs in a curved

material, such as a pipe or tube, whose major dimen-

sions lie in a plane approximately parallel to the

longitudinal axis of the material being tested.

2. General Requirements

a. All tests shall be witnessed by an inspector

designated by the Contractor. This inspector shall

see that the tests are conducted in accordance with

the provisions of this specification and that the

results of each test are interpreted correctly.

Certified reports of ultrasonic test results are re-

quired and shall be furnished to APDA, in triplicate.

b. An APDA inspector shall be present during all

materials inspection and testing. Notice shall be

given to APDA at least four days in advance in order

that the APDA inspector may be present at the start

of such inspection and testing. The presence in the

plant of APDA representatives shall not, in any way,

relieve the Contractor of the prime responsibility

for inspection.

C. A "V" type notch formed by indentation may be

substituted for the calibration recess or groove by

the testing agency, if desired. The testing agency

desiring the substitution must submit evidence of

tests showing that the depth of the "V" notch chosen

gives an indication equivalent to that of a 3 per cent
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groove. Any upset of metal adjacent to either the

groove or the "V" notch must be removed before testing.

d. The search unit should be properly sized to fit

the individual testing application, with the crystal

of adequate size to detect all defect specified herein.

The "single crystal" method of ultrasonic testing

shall be used and an overlap of at least 1/8 inch is

required in parallel paths of the search pattern.

e. In ultrasonic testing of type 316 stainless

steel, a minimum test frequency of 2 1/h megacycles

shall be used. A 5 megacycle frequency is recommend-

ed for ultrasonic testing of material 1 inch and less

in thickness and a 2-1/4 megacycle frequency is recom-

mended for material greater than 1 inch in thickness.

3. Basic for Rejection

a. Plate and sheet shall be subject to rejection

if a laminar-type flaw of 1/2 inch in diameter or

larger is found.

b. Plate and sheet shall be subject to rejection

if an indication from a transverse-type defect ex-

ceeds in magnitude the indication from a calibrated

3 per cent notch.

c. Pipe and tube shall be subject to rejection if

an indication from a transverse-type defect extending

(ircumferentially exceeds in magnitude the indication

from a calibrated 3 per cent notch.
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d. Pipe and tube shall be subject to rejection if

an indication from a radial defect extending longi-

tudinally exceeds in magnitude the indication from

a calibrated 3 per cent notch.

4. Inspection and Testing of Plates and Sheet

Finished plate and sheet 0.050 inches and over in

thickness shall be tested for laminar and transverse-type

defects by the procedures outlined below:

a. Test Procedure - Laminar-Type Defects

Surfaces shall be free of dirt and loose scale.

Plates from 0.050 to 1.00 inch thick shall be in-

spected by pulse-reflection ultrasonic equipment

using a minimum of 2-1/4 megacycles. Plates over

1 inch thick shall be tested by the pulse-reflection

method using a minimum of 2-1/4 megacycles. When

using the pulse-reflection method with a 5/8 inch

diameter searching crystal at 2-1/4 megacycles, a

defect indication which eliminates the end reflec-

tion and is at least 1/2 inch in diameter, is cause

for rejection of material.

b. Test Procedure - Transverse-Type Defect

Surfaces shall be free from dirt and scale. An

ultrasonic pulse-reflection type of instrument, the

Sperry Reflectoscope Type U-R, or equal, coupled

with either a shear wave angle-searching unit or a

surface wave searching unit, shall be used to detect

transverse-type defects. Sheet or strip below 1/8
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inch (approximate) thickness shall be inspected using

a surface wave searching unit. Plate, sheet, or strip

1/8 inch (approximate) thickness and above shall be

inspected using a shear wave angle-searching unit.

For calibration (surface wave), cut a recess or

groove approximately 1 inch from one end and on the

approximate center line of the sheet being used for

calibration. Cut the groove in such a manner that

its sides are smooth, normal to the sheet surface,

Substantially parallel to each other and parallel to

the short dimension of the sheet. The dimensions of

the groove shall be:

Depth - 3 per cent of material thickness.

Length - Approximately equal to material thick-

ness or normal pipe wall thickness.

Width - Not more than twice the depth.

Place the surface wave searching unit on the smooth

side of the sheet and direct the beam toward the

broad side of the groove. Adjust the sensitivity

of the unit until the indication of the groove is

clearly defined on the screen and mark the height

of the indication on the screen. Retain this

sensitivity setting during all further testing.

Move the search unit backward until the image dis-

appears from the screen, and then forward until the

image reappears on the screen. Measure the distance

from the search unit to the groove. This is the

120



"effective searching distance" for surface waves on

this sheet. If the end of the sheet is reached before

the image disappears, then the effective searching

distance is greater than the sheet length and is of

no concern. The sheet surface between the search

unit and the groove must be free from oil, otherwise

inaccurate results will be obtained.

For calibration (shear wave) when testing in

quantities, one of the plates or a short length of

plate approximately 2 ft, long and 6 inches wide

(approximate) of the same type material (austenitic)

and approximate thickness to the material being test-

ed shall be selected as a sample. A recess or groove

shall be cut midway in the length of the sample plate.

The groove shall be cut in such a manner that its

sides are smooth, normal to the plate surface, sub-

stantially parallel to each other and parallel to

the 6 inch edge of the plate. The dimensions of the

groove shall be:

Depth - 3 per cent of material thickness.

Length - Approximately equal to material thick-

ness or nominal pipe wall thickness.

Width - Not more than twice the depth.

When sample pieces are not available, the above groove

shall be cut in the object being tested. Location of

this groove shall be approximately 1-1/2 inch from

the side to which it will be perpendicular.

121



For testing (shear wave), all plates 1/8 inch

(approximate) thickness and above shall be inspected

by an angle-searching unit, as follows: The angle-

searching unit shall be placed near one edge, directed

toward the same edge, and the edge scanned by moving

the unit backwards until a distance at least half the

plate width plus twice the thickness of the plate has

been reached. This scanning procedure shall be re-

peated in successive parallel lines at right angles

to the edge, one crystal width apart, until the edge

is searched for its entire length. This scanning pro-

cedure shall be followed for all four edges. Rejection

of material by either surface or shear wave methods

shall be based on comparison of magnitude of possible

indications, when compared under identical conditions

such as distance and direction, with indication from

the calibrated groove. Under such conditions, the in-

dication on the material under test that exceeds in

magnitude that from the calibrated groove is cause

for rejection of the material.

. inspection and Testing of Pipe and Tubes

All seamless pipe and tube, unless otherwise specified,

having a minimum wall thickness of 1/8 inch and minimum out-

side diameter of 2 inches shall be tested for transverse-

type defects extending circumferentially and for radial de-

fects extending longitudinally in the tubular material.

Pipe and tubes lesa than 2 inches in outside diameter shall
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be tested using the "Delayed Shear Wave Search Unit" develop-

ed by the General Electric Company or equivalent. All test--

ing shall be carried out as outlined in the following sections.

All welded pipe ahd tube, unless otherwise specified,

having a minimum wall thickness of 1/8 inch and minimum out-

side diameter of 2 inches shall be tested for transverse-

type defects extending circumferentially, except that weld

deposits need not be tested.

a. Test Procedure - Transverse-Type
Defects Extending Circumferentially

Surfaces shall be free of loose scale and dirt.

Any ultrasonic pulse-reflection type of instrument,

equivalent in performance to the Sperry Reflectoscope

Type U-R, coupled with a shear wave angle-searching

unit, shall be used to detect a transverse-type defect.

The angle-searching unit shall be placed near one

end of the tubular material, directed toward that end

and scanned by moving the unit backwards until a dis-

tance at least half the material length plus twice

the material thickness has been reached. This scan-

ning procedure shall be repeated in successive

parallel lines at right angles to the material end

face, one crystal width apart, until the entire area

on that portion of the tubular material has been

covered. This procedure shall be followed for the

opposite end portion of the tubular material.

For calibration (angle-searching unit), when

testing in quantities, one of the pipes or tubes
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or a short length of tubular material appt'oxiMately

2 feet long of the same material austeniticc) and

approximate dimensions to the material being tested,

shall be selected as a sample. A notch shall be cut

midway in the length of this sample in such a manner

that its sides are smooth, normal to the surface, sub-

stantially parallel to each other, and extend trans-

verse to the axis of the pipe. The dimensions of the

notch shall be as follows:

Depth - Approximately 3% of normal wall thickness.

Length - Approximately 1 inch.

Width - Any convenient width.

When ample pieces are not available, the above notch

shall be cut in the piece to be tested. Location of

this notch shall be approximately 5 inches from one

end of the piece to be tested.

Rejection of material shall be based on comparison

of magnitude of possible indications, when compared

under identical conditions such as distance and direc-

tion, with indication from the calibrated notch in the

sample. Under such conditions, an indication on the

material under test that exceeds in magnitude that

from the calibrated notch in the sample is cause for

rejection of the material.

b. Test Procedure - Radial Defects Extending
Longitudinally

Surfaces shall be free of all loose scale and

dirt. The tubular material should be set with its
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longitudinal axis in a horizontal position on motor-

ized rollers or other suitable mounting to permit

rotation of the surface about the longitudinal axis.

Rotation should be controlled at a uniform speed of

not more than 6 inches per second peripheral speed

during testing. Where the pipe or tube may not be

rotated for physical reasons, the movement of the

scanning crystal shall not exceed 6 inches per

second. Any ultrasonic equipment may be used that is

equivalent in performance to the Sperry Reflectoscope

Type U-R using a single crystal reflection head. Angle

searching units not so equipped shall be modified to

provide a polystyrene shoe to contact the pipe or

tube surface, ground to a radius slightly greater

than the outside radius of curvature of the pipe or

tube surface.

Testing shall be done while the surface is in

motion so that the constant speed rotation will result

in a steady movement of a defect indication laterally

across the oscilloscope screen either from left to

right or from right to left, depending on the direc-

tion of rotation.

For calibration of the ultrasonic equipment for

detecting a 3 per cent indication, when testing in

quantities, one of the pipes or tubes or a short

length of pipe or tube of the same type material

(austenitic) and the same approximate dimensions as
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the tubular material is to be tested shall be

selected as a sample. About 1-4/2 inches from one

end of this sample, a notch shall be cut in such a

manner that its sides are smooth, radial, and extend

substantially parallel to each other and to the long-

itudinal axis of the pipe or tube. The dimensions of

the notch shall be:

Depth - Approximately 3% of nominal wall thickness.

Length - Approximately 1 inch.

Width - Any convenient width.

When sample pieces are not available, the abpve notch

shall be cut in the pieces to be tested. Location of

this notch shall be approximately 1-1/2 inches from

one end of the piece to be tested.

The 3 per cent indication magnitude of this notch

shal.l be determined by using ultrasonic equipment

directing the sound waves circumferentially toward

the notch with the crystal holder located at a

radial arc displacement of about 90 degrees on either

side of the notch.

Any defect indication, measured at a radial arc

displacement of approximately 90 degrees from the

searching unit, which can be made to exceed the mag-

nitude of 3 per cent indication magnitude in any

direction, shall be cause for rejection of the tube

or pipe.
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B. Radiographic Testing

1. Castings and Forgings

Radiographic inspection shall be performed on 100 per

cent of all castings and forgings (those forgings where

ultrasonic testing is not applicable) which will be in con-

tact with sodium or sodium vapor. All such testing shall

conform to ASTM Designations E71-52 (Class II or better)

and E94-52T with exceptions and additions listed herein.

a. Paragraph 5, E71-52

The manufacturer shall submit his radiographic

procedure to APDA for approval.

b. Paragraph 7, E71-52

Any defects uncovered by the radiographic method

shall be removed and repaired in accordance with APDA

Specification No. 10-1, "Specification for Procedure

fot Welding of Stainless Steel."

c. Paragraph 2h, E9h-52T

Written reports of radiographic examinations are

required and shall be furnished to APDA, in accordance

with the items listed in Paragraph 24 of the ASTM

specification.

d. Paragraph 25, E94-52T

Permanent marking, as discussed in this paragraph,

will not be permitted on any surface which will be in

contact with sodium or sodium vapors. Any such mark-

ing shall be done in accordance with APDA Specification

10-7 "Marking of Materials".

The contractor shall furnish APDA with one copy

of the radiograph film.
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2. Welded Joints

Each welded joint, unless waivered by AFDA, shall

be radiographed following completion of welding and the

liquid penetrant test. All radiographs shall be accept-

able according to the standards of the ASME Boiler and

Pressure Vessel Code, Section VIII (P UW-5l, Part M).

It is the intent of the specification that all types

of propagational defects shall be eliminated and that non-

propagational defects shall not exceed the acceptable stan-

dards set forth in the ASME Code, mentioned above.

C. Liquid Penetrant Testing

Liquid penetrant testing shall also be used in inspecting

material surfaces for cracks, seams, and small holes. Material

to be subjected to liquid penetrant testing is outlined in the

various paragraphs of Section II of this specification.

Any defects uncovered by the liquid penetrant method shall

be removed in accordance with APDA Specification No. 10-1,

"Specification for Procedure for Welding of Stainless Steel."

Welding repairs shall also be in accordance with APDA Specifica-

tion No. 10-1.

D. Macroscopic Etch Testing

Stainless steel forgings, billets, and blooms, which are to

be used as stock for the manufacture of forgings shall be subjected

to macroetch testing and inspection in accordance with the provis-

ions of ASTM Designation A-317-54, Macroetch Testing and Inspec-

tion of Steel Forgings.

In order to reach a common understanding regarding the
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standard to be achieved in macroetched specimens and the factors

which will make specimens acceptable or rejectable, the tabu-

lation of indications outlined in ASTM A-317-54h shall be used

as a basis of understanding. Agreement will be reached between

the Contractor and APDA regarding the permissible degree to

which each of the defects listed may be tolerated for each end

product.
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STEAM, CONDENSATE AND FEEDWATER PIPING

A. Scope

This specification covers materials, fabrication, inspection, testing

and delivery of steam, condensate and feedwater piping for "Sodium Components

Test Facility."

B. Purpose of Equipment

This piping is to be used in a test facility to simulate a reactor

power plant to test intermediate heat exchangers and steam generators.

C. Codes and Standards

1. Piping shall be designed, fabricated and tested in accordance with

ASA Code B-31.1 - 1955.

2. Piping and fittings shall conform to the following material codes:

a. Steam piping and fittings for 1600 to 2200 psi, 1050 F service
shall be ASTM A-335 Grade P22 (2-1/4 chromium, 1 molybdenum)
seamless pipe and/or ASTM A-182 Grade F22 forgings.

b. Steam piping for 650 F or lower service shall be ASTM A-106-
58T Grade B seamless carbon steel pipe.

c. Fittings for steam piping for 650 F or lower service shall be
ASTM A-23h-58aT Grade WPB butt-weld seamless. Flanges, ASTM
A-182-58T Grade F-11. Bolt studs, ASTM A-193-58T Grade B-14.
Nuts, ASTM A-19h-58T Grade 4. Gaskets, Style CG, 309 SC6
stainless steel flexitallic. Plate, ASTM A-387-57T, Grade "C".

d. Condensate piping and fittings-
ASTM A-53 Grade B welded or seamless
ASTM A-234-58aT, butt-weld type fittings, Grade WBP
ASTM A-105-58T, Grade II flanges, weld neck type
ASTM A-193-58T, Grade B-l stud bolts
ASTM A-194-58T, Grade 4 nuts
Style CG, 301 SC6 stainless steel flexitallic gaskets.

e. Boiler Feedwater Piping and Fittings-
ASTM A-106-58T Grade B seamless carbon steel pipe.
ASTM A-234-58aT, butt-weld type, seamless Grade WPB.
ASTM A-105-58T, Grade 2, weld-neck type flanges.
ASTM A-193-58T, Grade B-1 stud bolts.
ASTM A-194-58T, Grade U nuts.
Style CG 30U SC6 stainless steel flexitallic gaskets.
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D. Stress Calculations

Stress calculations shall be made on all steam, condensate and feed-
water piping. Data on equipment supports and nozzle movements will be
supplied in equipment specifications. Temperature and flow conditions will
be in accordance with schemes as outlined in "Description of Steam Cycles".

E. Hangers, Supports and Guides

1. Hangers, supports and guides shall conform to the requirements of

section six (6) of the Code for Pressure Piping.

2. The Contractor shall furnish all hangers and supports and shall

specify the location of each.

3. Hangers and supports shall be spaced so that pipe deflection will

not interfere with complete drainability of the system.

4. If welded support lugs are attached to the pipe, this will be done

in the shop, not in the field.

F. Draining and Venting

Piping shall be designed such that complete drainage ean be obtained

from all low points and that all high points can be vented.

G. Fabrication

1. General

The maximum use shall be made of shop welded piping assemblies

to reduce to a minimum the number of field welds.

2. Welding

a. All welding shall be in accordance with the welding speci-
fication for "Shop and Field Welding of Chromium Molybdenum
Steel" and "Shop and Field Welding of Carbon Steel Pipe"
attached to and made a part of this specification.

b. Two (2) certified copies of the Contractor's proposed
welding procedure shall be furnished for approval.

c. Two (2) certified copies of the operator's qualification
test records, as specified in the welding specifications,
shall be furnished.

131



d. Welding records shall be maintained for each joint, as
specified in the welding specification attached.

3. Pipe bends at the recommended radius may be used.

H. Tests on Welded Joints and Assemblies

1. Radiographic and Dye-Penetrant Test

Each longitudinal seam weld, butt-weld, branch connection,

auxiliary tap and hanger lug shall be given radiographic and dye-

penetrant tests as outlined in welding specifications attached.

Standards for acceptance or rejection shall be as mutually agreed

to by the Contractor and Contractee.

2. Hydrostatic Test

A hydrostatic leak test shall be given to fabricated assemblies

as outlined in welding specifications attached.

3. Test Results

Two (2) certified copies of all test results shall be furnished,

including all the required chemical, physical and mechanical tests

of the ASTM and welding specifications. This includes check

analysis, material certifications, results of leak tests, radio-

graphic films, properly identified, together with an examination

report.

I. Defective Material and Workmanship

Defective equipment resulting from material or workmanship shall not be

repaired and used without prior approval.

J. Cleaning and Marking

1. All material and subassemblies shall be cleaned, marked and comply

with surface finish in accordance with APDA Material Specification

No. 10-12.
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2. Piping assemblies shall be sealed air-tight.

K. Shipping and Handling

1. Suitable weather protection, blocking, straps, and skids shall be

provided to protect all equipment from damage in transit and during

storage and handling.

2. Contractor shall furnish an estimated material prQcurement,fabri-

cation, testing (for each test), and shipment schedule as soon as

possible after the contract is awarded. This schedule shall be

corrected each time an estimated date becomes firm or changed.

L. Guarantee

Contractor shall .guarantee that the equipment to be furnished will be

free from all inherent defects in design, workmanship, and material and will

give proper and continuous service under all the conditions of service

required and specified, or which may be reasonably inferred from the speci-

fications. Contractor shall replace, at his own expense, any part of the

work or material proving defective within one (1) year of the date of

installation provided the defects existed at the time of installation.
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SPECIFICATION

for

PROCEDURE

for

WELDING OF STAINLESS STEEL

SPECIFICATION NO. 10-1
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1. Process

The welding shall be done by the metal arc process, using either

flux-coated electrodes, submerged arc, inert gas tungsten arc, or inert

gas consumable electrode welding. Submerged arc shall be used only where

approved by APDA.

2. Weld Quality

All welds performed by the Contractor or his subcontractors shall be

acceptable to the standards of the ASME Boiler and Pressure Vessel Code,

Sections VIII and IX.

3. Base Metal

The base metal shall be stainless steel of Type 316 or 317 as modified

by applicable APDA material specifications.

h. Filler Metal

Unless otherwise specified, the deposited weld metal is to be as

follows:

a. Coated ee ctrodes shall confonm to ASTM Specification A 298-55T,
Type 317.

b. Welding rods and bare consumable electrodes shall conform to ASTM
Specification A 371-53T, Type ER 317.

The Contractor is to assume all responsibility in the procurement of

filler metal and the application thereof. It is to be understood that

APDA will not accept the manufacturer's identification markings as the sole

proof of conformity to specifications and that the Contractor is subject to

remove and replace, at his own expense, all welds made with filler metal

other than that specified.
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Coated electrodes shall be protected from moisture absorbtion and

shall not be used if the coating has deteriorated or is damaged. Coated

electrodes and flux shall be warm and dry at the time of use, preferably

being taken from a heated container immediately prior to welding.

5. Position

The preferred positions of the base material for welding shall be the

(a) horizontal rolled (lG), (b) horizontal fixed (3G, 5G), or (c) vertical

positions (2G). If unusual conditions so require, other positions may be

used if approved by APDA. Submerged arc welding, however, shall be done

only in the horizontal rolled position.

6. Preparation of Base Metal

The edges of the parts to be joined by welds shall be prepared by

filing, grinding, or machining. Joint designs, including dimensions and

fit-up tolerances, shall be approved by APDA. A sketch of each type of

weld joint design shall accompany the Contractor's Weld Procedure Speci-

fication. Only sulfur-free cutting oils shall be used. All welding faces

and the adjoining base metal surface for a distance of at least 1/4 inch

from the edge of the welding groove shall be free from rust, scale, paint,

oil, grease, and other impurities.

7. Backing Rings

Backing rings will be permitted only where the ring can be removed

and ground smooth with the inside wall of the pipe or vessel and the

ground surface tested for cracks by means of a liquid penetrant test.

Backing rings shall conform to the same material specification as the base

metal. Backing strips that are seal welded to the base metal may be used

where specifically approved by APDA.
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8. Inert Arc Welding

a. The inert gas tungsten ethtrode welding process shall be used for

the first weld pass on the following types of joints:

(1) Fusible Insert Joints

Fusible inserts shall be "EB" type inserts or equivalent.

They shall be of the same general composition as the

deposited weld metal specified in Paragraph h of this

specification. The insert shall be properly fitted and

tacked in enough places to provide a close fit against the

lips of the base metal. The joint shall be so prepared as

to provide that the upper surface of the inert protrudes

zero to 1/16 inch above the upper surface of the lips of

the base metal, while the under surface of the insert

protrudes approximately 1/16 inch below the under surface

of the base metal.

(2) Fused Base Metal Plate Joints

Where the root weld is made by fusing two base metal

parts without the addition of filler metal or inserts, the

joint shall be prepared and fitted so that the thickness

of the lip or lips to be fused is not greater than 1/8 inch.

b. When inert arc welding is used for root welds, argon or helium gas

shall be used as a purging gas on the under side of the joint and

as protection for the electrode and molten weld metal. Local

sections may be rewelded by the inert arc process provided the

rewelding is done only where the metal temperature of Type 304

steel is less than 300 F and Type 37 is less than 250 F. The

internal inert atmosphere shall be maintained until at least two
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layers of weld metal have been deposited in order to minimize the

oxidation of the inside surface.

c. Inert shielding gas shall be welding grade argon of 99.99 per cent

minimum purity or a 75 per cent helium, 25 per cent argon mixture

of 99.99 per cent minimum purity.

d. Non-consumable electrodes shall be thoriated tungsten conforming

to ASTM Specification B 297-55T, Type EWTh-l or Type EWTh-2.

9. Nature of Electric Current

a. Manual Arc Welding

Reverse polarity direct current shall be used. The welding

machine shall be adjusted to obtain the steepest volt -ampere curve

consistent with good welding practice. Only dual control M-G sets

or rectifier-type welding machines may be used.

b. Submerged Arc Welding

Alternating current shall be used. The primary voltage to the

welding transformer should not vary by more than + 5 per cent.

c. Inert Arc Welding

Straight polarity direct current shall be used.

10. Joint Alignment

Joint alignment shall be maintained, if necessary by the use of jigs

or fixtures, until at least three layers of weld metal have been deposited.

In addition, the parts being joined shall be supported or held so as to

assure that no partially-completed weld is subjected to external tensile

or bending stresses.

11. Tack Welds

Tack welds, when used to preserve the joint fit-up established prior
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to welding, shall be made with the same procedure as that to be used for

welding the first pass. They shall be thoroughly cleaned before being

welded over and shall be thoroughly fused into the main welds. If tacks

are cracked, they shall be removed by grinding or chipping before being

welded over. Temporary tack welds such as those used for jigs, fixtures,

handling lugs, and arc strikes outside the weld shall be ground out and

dye-checked.

12. Preheating

None required. In addition, welding shall be done only when the

temperature of Type 316 and 317 stainless steel is less than 300 F.

Mutually acceptable tests, such as the use of tempilsticks, shall be

employed to assure that these temperature limits are not being exceeded.

13. Welding Technique

a. Horizontal Rolled (IG) and Horizontal Fixed (3G and 5G) Positions

The weld shall be deposited in layers, as shown in Figure 1.

Weaving of the electrode shall be minimized. The maximum width of

oscillation of the electrode during welding shall be limited to

three times the diameter of the electrode. There shall be approxi-

mately one layer of weld metal for each 1/8 inch of wall thickness.

In Positions 3G and 5G, the direction of welding shall be from the

bottom of the joint upward to the top.

b. Vertical Position (2G)

The weld metal shall be deposited in beads, in the general

sequence shown in Figure 2. There shall be approximately one

layer of beads for each 1/8 inch of wall thickness.
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c. Electrode Sizes and Currents

The Contractor shall submit, as part of his Welding Procedure

Specification, the weld rod diameters and approximate currents for

the following methods of welding:

(1) Flux-coated weld rods, manual arc.

(2) Inert gas consumable electrode.

(3) Inert gas tungsten electrode.

1. Cleaning

All slag or flux shall be removed from each crater before proceeding

with the next electrode. Each completed bead or layer shall be thoroughly

cleaned before the deposition of the succeeding bead or layer by completely

removing any defects such as cracks or blow holes that may appear, removing

spattered weld metal from the surface of the weld and the surface of the

weld joint, removing arc strikes, and generally correcting any conditions

which might prevent or interfere with the deposition of sound weld metal

and adequate fusion to the existing bead or layer and to the base metal.

There shall be no welding over known cracks. Wire brushes, if used, shall

have stainless steel bristles.

15. Reinforcement

Butt welds shall be reinforced with weld metal. The reinforcement

shall be built up so that there is a gradual increase in thickness from

edge to center. There shall be no undercutting at the edge of the weld.

Plate weld reinforcement shall be in accordance with Paragraph UW-35,

Section VIII, ASME Boiler and Pressure Vessel Code. Pipe weld reinforcement

shall be in accordance with Paragraph 630-6, ASME Code for Pressure Piping,

ASA B31.1 - 1955. After completion of welding, the reinforcement shall

be ground flush with the base metal.
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16. Identification

Marking of welds and base metal shall be in accordance with APDA

Specification 10-7, "Marking of Materials."

17. Heat Treatment

Post-weld heat treatment is not required where the wall thickness is

3/h inch or less. If the wall thickness exceeds 3/4 inch, a post-weld heat

treatment may be required to insure structural stability and to relieve

possible high stresses resulting from fabrication processes. When required,

post-weld heat treatment procedure will be as follows:

a. Wherever possible, furnace heat treatment should be employed. A

reasonably uniform temperature distribution shall be maintained

throughout the material during furnace heat treatment. Procedure

for furnace heat treatment shall be as follows. (Note that the

following temperatures refer to material temperatures and not

furnace temperatures. Calibrated thermocouples shall be placed at

locations of maximum and minimum material thicknesses and at a

minimum of two locations for determination of material temperatures.

Drawings showing thermocouple locations shall be submitted to APDA

for approval. Certified copies of all temperature record charts

shall be submitted to APDA. Heating and cooling rates must be

regulated so that the maximum temperature differential is 100 F

at any time.)

(1) Heat as rapidly as possible to 1900 F + 50 F, maintaining

the 100 F maximum temperature differential.

(2) Hold at 1900 F + 50 F for one hour per inch of thickness.

(3) Cool as rapidly as possible maintaining the 100 F maximum

temperature differential.
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b. Local Heat Treatment

None allowed.

18. Tests

a. Radiography

Each welded joint, unless waivered by APDA, shall be radio-

graphed following the completion of welding and tne liquid pene-

trant test. Radiography shall be performed in accordance with the

provision of Section VIII of the ASME Boiler and Pressure Vessel

Code and of the ASTM Specification E 9.. Where provisions of the

Boiler Code and ASTM Specification are in conflict, Section VIII

of the Boiler Code shall apply.

b. Liquid Penetrant Tests

Liquid penetrant tests shall be performed in accordance with

accepted good practice. These tests may be performed where deemed

necessary by the Contractor and must be performed on the following:

(1) All completed welds, including the area one inch each side

of the weld, in the as-welded condition and after any heat

treatment.

(2) The weld side and, if possible, both sides of inert arc

root welds prior to the application of the second weld

layer.

(3) Backchipped weld joints to ascertain that the backchipped

area had been grooved to sound metal.

19. Repairs

a. Repairs of Defective Welds

Welds which show visible defects as evidenced by liquid penetrant
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tests, welds which are unacceptable (based upon paragraph UW-51,

Part M, Section VIII of the ASNE Boiler Code) as evidenced by radio-

graphic examination, and welds which indicate leaks during leak or

hydrostatic tests shall be repaired by removing the defect or

defects and rewelding. Defects are to be mechanically removed; no

arc or flame cutting shall be used. Repairs following tests shall

be made only with the approval of APDA as outlined in Paragraph 19-d

of this specification.

c. Repair Procedure

All repairs shall be made in accordance with the following pro-

cedure unless specific waivers for other procedures are granted by

APDA.

(1) Chip and grind out defect. Only aluminum oxide grinding

wheels may be used.

(2) Liquid penetrant test entire chipped and ground cavity.

(3) Fill cavity with weld metal using the manual arc welding

procedure.

(h) Liquid penetrant test and radiograph weld-affected area.

d. Approvals of Repairs

(1) While it is not intended that specific prior APDA approval

is required before proceeding with all repair work, APDA

shall be notified of all major defects in order that it may

determine whether or not to repair or repla ce the defective

part.

(2) Repair procedures other than those stated in Paragraph 19-c

herein shall be submitted to APDA for approval.
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e. Reheat Treatment of Repairs

When defects have occurred after final heat treatment, reheat

treatment shall be performed for all repairs in the same manner as

the final heat treatment except that waivers for reheat treatment

of minor repairs may be granted by APDA when specifically requested

by the Contractor.

20. Peening

Only when specifically approved by APDA may peening of welds be employed

for the relieving of stresses resulting from welding. The method of pro-

cedure for peening must accompany the Contractor's Weld Procedure Speci-

fic ation.

Peening shall not be used:

a. On the first and last passes of any welds.

b. On inert-arc root welds.

c. Where the welded joint will have sodium on one side only.

21. Qualification of Procedures and Welders

Four certified copies of Procedure Qualification Certificates and

Performance Qualification Certificates shall be submitted in accordance

with the requirements of Section IX, Welding Qualifications, ASME Boiler

and Pressure Vessel Code, with filler metal corresponding to classification

F5 in Table Q-ll.2 and chemical analysis A7 in Table Q-11.3. In addition,

test welds shall be radiographically acceptable according to the standards

of the ASME Boiler Construction Code. A complete record of qualification

tests, including a set of radiographic films and reports thereon, shall

be furnished to APDA. The Contractor must certify, when welders' Performance
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Qualification Certificates are dated more than three months prior to the

date of this contract, that the welder has welded on similar material with

the qualified welding process and in the qualified positions for the past

three months. If not available, radiographic films need not accompany

Procedure and Performance Qualification Tests dated more than three months

prior to the date of this contract.



SHOP AND FIELD WELDING OF

CHROMIUM MOLYBDENUM STEEL

1. Scope

This specification covers the procedure for field and shop welding of

chrome moly steel pipe, tubing, fittings, welding and valves, etc.

2. Process

The welding shall be done by the metal arc, inert arc, or submerged arc

process as specified herein.

3. Weld Quality

All welds shall meet the standards of the ASME Boiler and Pressure

Vessel Code, Sections I, VIII and IX.

4. Base Metal

The base metals shall conform to the specifications of one of the

materials in the Group "P" No. 4 or 5, of Table Q-11.1, Grouping of Materials

for Procedure and Operator Qualification, ASME Boiler Construction Code,

Section IX. Materials in Groups "P" No. 1, 3, 4 or 5 shall be referred to in

this specification as ferritic materials and those in "P" No. 8 as austenitic

materials.

5. Filler Metal

A. The filler metal shall be alloy steel having a composition sub-
stantially the same as that of the base metal. In ferritic
materials, the electrodes shall be of the low hydrogen type (ASME
Filler Metal Specification XX16). Electrodes shall be protected
from excessive moisture changes and shall not be used if the
coating has deteriorated or is damaged.

B. Dissimilar Welds (Filler Metal)

(1) In general, where both the dissimilar materials are in
Groups "P" No. 4 or 5 of Table Q-11.1, the electrode

147



composition shall conform to the composition of the lower alloy
but where one of the dissimilar materials is in Group "P" No. 8,
Type E 309 rod shall be used.

6. Position of Base Metal

The preferred positions of the base metal for welding shall be those

defined in Figure Q3, Section IX of the ASME Boiler and Pressure Vessel Code,

wherein the base metal is in the horizontal rolled, horizontal fixed, or

vertical position.

7. Preparation of Base Metal

Where powder or heliarc cutting is used, all remaining slag, scale or

oxides shall be removed by machining or grinding away at least 1/16" from the

cut surface for heliarc and 1/8" for powder cutting. The welds and base metal

shall be free of cracks. All grinding shall be done with aluminum oxide wheels.

Any and all brushing shall be done with brushes having stainless steel bristles.

All material shall be accurately lined up and secured for at least three layers

of weld by means of external line-up clamps or other special jigs and fixtures.

8. Insert Rings

Consumable insert rings of the design described in Grinnell Company

Bulletin entitled "Consumable Solid Insert Rings Improve Pipe Welding Quality"

shall be used (or approved equal) in all butt-weld joints in tubing and in

standard weight and heavier pipe. The metal for insert rings shall be of

welding quality, corresponding to an ASME material specification for weldable

piping or tubing, and with carbon, sulfur, and phosphorous contents below the

maxima allowed for each, respectively, in either of the parts being joined.

For austenitic materials, insert rings shall be of the same general chemical

composition as the piping or tubing. For ferritic materials, insert rings

shall not be of a material requiring a higher preheating temperature than the
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base metal. For ferritic materials containing less than 3 per cent chromium,

insert rings of a lower alloy content, may be satisfactory (obtain approval

before using.)

9. Inert Arc Welding

The inert arc tungsten electrode welding process may be used for the

fusible insert joints. The insert shall be properly fitted and tacked in

enough places to provide a close fit against the lips of the base metal. The

joint shall be so prepared that the O.D. of the insert is 0 - 1/16" above the

top of the unbeveled lips of the base metal, while the inside diameter of the

insert protrudes approximately 1/16" within the inside wall of the base metal

(this fit-up tolerance may vary with "make" of insert used, obtain approval

before using).

Argon or helium gas, of welding grade, shall be used as a purging gas

inside the joint and as a protection for the electrode. A seal shall be

provided against excessive leakage of the purging gas inside the joint, but

vent holes shall be provided so that no pressure build-up will occur. The

weld area shall be protected from air currents which are strong enough to dis-

place the inert gas from the space around the electrode. Nonconsumable

electrodes shall be thoriated tungsten. Only one pass shall be welded with

the inert arc, though local sections can be welded over with the inert arc if

the proper fusion has not yet been obtained. The first pass shall be care-

fully inspected for proper fusion and for ar defects. Any depression in the

surface is usually evidence of incomplete fusion. The second pass shall be

made w ith flux-coated electrodes of the same composition as the electrodes

to be used on the remainder of the joint.

10. Nature of the Electric Current

In manual arc, and submerged arc welding the current used shall be
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direct, with the base metal on the negative side of the line, except with

inert arc welding, where the base metal shall be on the positive side of the

line. In submerged arc welding, alternating current shall be used.

11. Joint Alignment

Joint alignment shall be maintained, if necessary by the use of jigs or

fixtures. In addition, the parts being joined shall be supported or held so

as to assure that no partially completed weld is subjected to external

tensile or bending stresses.

12. Tack Welds

Tack welds, used to preserve the joint alignment established prior to

welding, shall be made with electrodes of the same composition as are to be

used for completing the joint. The area to which the tack welds are to be

applied, shall be locally heated to the temperature specified in Paragraph 13.

They shall be thoroughly cleaned before being welded over and shall be thor-

oughly fused into the main weld. If tacks are cracked, they shall be removed

by grinding or chipping before being welded over. Tack welds outside the

weld groove that are not melted during the welding operation shall be used in

ferritic steels only if of the same quality and made by the same procedures

as the completed weld.

13. Preheating

Joints involving the welding of steels within Groups "P" No. 4 or 5

shall be preheated before any welding is done. The method of application of

heat shall be such that the temperature around the joint is always fairly

uniform, with no local hot spots. The temperature of the joint shall be

maintained within the range specified below throughout the period of weld

metal deposition. The temperature of preheating shall be checked by means of
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either thermocouples or tempilsticks. With base metals containing more than

2-1/2 per cent chromium, the preheating temperature shall be maintained until

the completion of welding and the beginning of the postheating. With base

metals containing 2-1/2 per cent chromium or less, the weld shall be completed

to at least 50 per cent of the wall thickness, or at least 1" of weld metal if

the wall thickness exceeds 2", before the joint is allowed to cool frci the

preheating temperature. If not completed, such joints may be allowed to cool

slowly at the end of the work day, but they must be reheated to a temperature

within the specified range before welding is again resumed.

Preheat temperature ranges are as follows:

(a) Chromium-molybdenum steel - 500 to 700 F

(b) Chromium-nickel-molybdenum steel - 500 to 700 F

These temperature ranges can be lowered to 200 to 300 F for inert arc

welding of the first pass only, such as when a fusible weld insert is used.

All cases of welds between dissimilar alloys where either dissimilar

material is in Group "P" No. 3, 4, or 5, the preheating procedure shall con-

form to the requirements of the alloy with the higher preheating temperature

range.

Welds between dissimilar alloys where either dissimilar material is in

group "P" No. 8 (Austenitic Stainless Steel) no preheating will be required.

14. Welding Technique

A. Horizontal Rolled (1G) and Horizontal Fixed (3G and 5G Positions)

(1) The metal shall be deposited in layers, with approximately one
layer of weld metal for each 1/8" of base-metal wall thickness.
When low hydrogen ele ctrodes (ASME Filler Metal Specification
XX15 or XX16 are used, the weaving of the electrode shall be
minimized, with the maximum width of weave being limited to
three times the diameter of the electrode. In the horizontal
fixed position, the direction of the welding shall be from the
bottom of the joint upward to the top.
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B. Vertical Position (2G)

(1) The metal shall be deposited in beads. There shall be approxi-
mately one layer of weld metal made up of such beads for each
1/8" of base-metal wall thickness. In the formation of a
layer of weld, the last bead or beads to be deposited shall, in
general, be near the center of the layer rather than at the
edge of the bevel, so that slag entrapment will be minimized.

C. Fillet Welds

(1) The size of the electrodes used shall be such as to permit the
deposition of not less than two beads of weld metal. In the
fitting of a part for socket welding, care shall be taken that
the attachment does not rest on the shoulder of the counter-
bore surface but is pulled away approximately 1/16" before the
joint is tacked. In piping, the throat of the fillet shall be
at least equal to the thickness of the thinner member joined.

15. Cleaning

All slag or flux shall be removed from each crater before proceeding

with the next electrode. Each completed layer or bead shall be thoroughly

cleaned and prepared for deposition of the succeeding layer of bead by

correcting any condition which might prevent or interfere with the deposition

of sound weld metal, adequately fused to the existing weld metal and to the

base metal. Cracks shall be removed by grinding or chipping before welding

proceeds.

16. Reinforcement

Butt-welds shall be reinforced with one layer of weld metal more than

the amount necessary to fill completely the weld groove. The reinforcement

shall be so built up that there is a gradual increase in thickness from edge

to center, with no valley or groove along the edge or in the center of the

weld. The maximum reinforcement shall not exceed 1/16" if the base metal

thickness is under 1" nor exceed 3/16" if the base-metal thickness is greater

than 1". Since the purpose of the reinforcement is to refine the grains of

the metal below, the reinforcement may be ground smooth for purposes such as
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radiography or even ground flush with the base metal surface. However, the

remaining weld metal must be at least flush with the original surface of the

base metal, and the base metal shall not be ground off below its original

thickness.

17. Identification

Identification shall be made by written record. Temporary identi-

fication may be made by crayon, paint, or similar means. No stamping is

permitted directly on the surface of alloy steel material or welds.

18. Heat Treatment

Post weld heat treatment shall be accomplished either by furnace heat-

ing a subassembly containing the weld or welds before attachment to other

sections of work, or by locally heating a circumferential band containing

the weld at the center. In the latter case, the width of the band which is

heated to the specified heat treatment temperature shall be at least equal

to three times the width of the weld, and the temperature shall be allowed

to diminish gradually outward from the ends of this band. The heating shall

be done gradually and uniformly. Except for torch heating, thermocouples

shall be provided to assure uniform and proper heating. A record shall be

made by a recording potentiometer, and these records shall be made available

to the Customer's Inspector (unless otherwise specified). Torch heating is

permitted only for piping and tubing with a diameter of 3" or less, unless

specific exceptions are granted. With torch heating, temperatures shall be

checked by means of tempilsticks.

A. The following welded joints shall be given a post-weld heat treat-
ment :

(1) Chrome-Molybdenum or Other Air Hardening Steel

a. All joints, except (a) those to alloy steel valves 2" and
smaller and (b) socket welds on material containing less
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than 2 per cent chromium. Note that these materials still
require preheating in accordance with Paragraph 13.

B. The post-weld heat treatment for materials within the Scope of
Specification 76, shall be as follows:

(1) Chromium-Molybdenum Steel With Less Than 1.5 Per Cent Chromium

a. Such as ASME Specification SA 335, P2, P11, or P12 for
Piping; SA 217, WC6 for Castings; SA 213, Tll or T12 for
Tubing; or SA 182, F11 or F12 for Forgings.

b. Heat to 1225 F (+ 25 F) in not less than one hour, hold at
1225 F for one hour per inch of wall thickness, cool at
rate of approximately 40 F per 8 minutes to 800 F, then
cool in still air.*

(2) Chromium-Nickel-Molybdenum Steel With 1.5 Per Cent Chromium
or Less

a. Such as ASME Specification SA 217, WCL or WC5 for Castings.

b. Heat to 1225 F (+ 25 F) in not less than one hour, hold at
1225 F for one hour per inch of wall thickness, cool at
rate of approximately 40 F per 8 minutes to 800 F, then
cool in still air.*

(3) Chromium-Molybdenum Steel With More Than 1.5 Per Cent Chromium

a. Such as ASME Specification SA 335, P22 for Piping; SA 217,
WC9 and WC5 for Castings; SA 213, T22, T5, and T9 for
Tubing; and SA 182, F22 or F5 for Forgings.

b. Heat to 1325 F (+ 25 F) in not less than one hour, hold at
1325 F for one hour per inch of pipe wall thickness, cool
at the rate of approximately 40F per 8 minutes to 800 F,
then cool in still air.*

*Exceptions to this heat treatment, and specifically more
rapid heating and a shorter "holding" time, may be allowed
in the case of small diameter piping or tubing, such as
superheater tubing. Another exception is allowed for
furnace heat treatment, where the cooling rate to 1000 F
may be as slow as 100-125 F per hour, but no slower, and
where the cooling rate from 1000 F may be as fast as air
cooling in still air in a building having a room tempera-
ture of not less than 50 F.

(4) Dissimilar Welds (Post-weld Heat Treatment)

a. All classes of welds between dissimilar alloys shall in
general, where both the dissimilar materials are in
Groups "P" No. 1, 3, 4 or 5 of Table Q-11.1, the heat
treatment shall conform to the requirements of the higher
alloy.
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19. Radiography

A radiographic inspection shall be made on all joints which the ASNE

Boiler Code requires to be so inspected and on any other welds designated.

All radiographs shall be acceptable according to the standards of the ASME

Boiler Construction Code, Section VIII.

20. Hydrostatic Tests

All piping systems shall be capable of withstanding a hydrostatic test

pressure of 1-1/2 times the design pressure, except that the test pressure

shall in no case exceed the adjusted pressure-temperature rating for Class "A"

joints at 100 F as given in the American Standard for Steel Pipe Flanges and

Flanged Fittings, ASA B16.5, for the material and pressure standard involved.

In no case shall the test pressure be less than 50 psi nor shall it be made

with a test medium having a temperature in excess of 100 F.

In all cases, the required test pressure shall be maintained a suf-

ficient length of time to enable an inspection to be made of all joints and

connections.

Hydrostatic tests of joints in pipe 1-1/2" in diameter and larger,

welded in accordance with this specification, shall be witnessed by a

representative of the insuring agency (unless a waiver is obtained).

21. Repairs

Welds which show local unacceptable defects in radiographic tests or

small pin-hole leaks under hydrostatic pressure test may be repaired by

removing the defect or defects and rewelding. Any weld which shows general

sweating or bad leaks under hydrostatic pressure tests shall be completely

removed and the entire joint rewelded. The acceptance tests required for

the joint shall then be repeated.
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22. Qualification of Operators

Operators and procedures shall be qualified in accordance with the

requirements of Section IX, Welding Qualifications, ASME Boiler Con-

struction Code.
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SHOP AND FIELD METAL ARC WELDING

OF CARBON STEEL PIPE

1. Scope

This specification covers the procedure for field and shop metal arc

welding of plain carbon steel pipe, tubing, fittings, welding end valves,

structural steel, etc.

2. Process

The welding shall be done by the metal arc process.

3. Base Metal

The base metal shall conform to the specifications of one of the

materials in the "P" No. 1 Group of Table Q-ll.1, Grouping of Materials for

Procedure and Operator Qualification, ASME Boiler Construction Code,

Section IX. Cases involving the joining of dissimilar metals, one of which

is not included in the above Groups, shall be referred to the inspector

for applicable specifications.

4. Filler Metal

The filler metal shall be plain carbon steel conforming to Classifi-

cation E-6010 of the AWS-ASTM Tentative Specifications for Iron and Steel

Are Welding Electrodes, (A-233), except that low hydrogen type electrodes

(ASME filler metal classifications Xxl5 or XX16) may also be used if the

procedure and welder have been qualified for their use. Cases involving the

joining of dissimilar metals one of which is not included in the above groups

shall be referred to the inspector for designation of suitable filler metal

and preheating and postheating procedures. Electrodes shall be protected

from excessive moisture changes and shall not be used if the coating has

deteriorated or is damaged. 157



5. Position of Base Metal

The preferred positions of the base metal for welding shall be those

defined in Figure Q3, Section IX of the AS{E Boiler and Pressure Vessel Code,

wherein the base metal is in. the horizontal rolled, horizontal fixed or

vertical positions.

6. Preparation of Base Metal

The edges of parts to be joined by welding shall be prepared by machining,

grinding or flame cutting. The area in which flame cutting is to be done shall

be uniformly preheated, prior to the cutting, to the temperature range speci-

fied in Paragraph 12. All welding faces and the adjoining surface for a

distance of at least 1/h" from the edge of the welding groove shall be free

from rust, scale, paint, oil, grease and other impurities.

7. Backing Rings

7A. Continuous backing rings of the designs described in PFI Standards

shall be used in all butt-weld joints in tubing and in Schedule 80 and heavier

pipe, except (a) where the size of the pipe and the location of the joint are

such as to permit cleaning of the root bead and deposition of a "backing up"

bead on the inside of the joint, in which case the backing ring may, if

desired, be omitted; (b) where the inert gas metal arc process is used to

deposit a root bead, in which case a fusible weld insert is used; or (c)

where an alternative joint design is indicated. Split backing rings shall be

used in all butt-weld joints in Schedule 40 and lighter pipe, except as

noted above.

7B. The metal for backing rings shall be of welding quality, corres-

ponding to an ASME material specification for weldable piping or tubing, and

shall conform to the following chemical requirements: Carbon - 0.25 per cent
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maximum, Sulfur - 0.06 per cent maximum, Phosphorous - 0.045 per cent maximum.

8. Inert Arc Welding

8A. The inert arc tungsten electrode welding process may be used for

the following types of joints:

(1) Fusible Insert Joints - Fusible inserts shall be the Grinnell
insert or equivalent. They shall be of the same general
chemical composition as the flux-coated metal arc welding
electrodes. The insert shall be properly fitted and tacked
in enough places to provide a close fit against the lips of
the base metal. The joint shall be so prepared that the O.D.
of the insert is 0 - 1/16" above the top of the unbeveled
lips of the base metal, while the inside diameter of the
insert protrudes approximately 1/16" within the inside wall
of the base metal unless otherwise specified.

(2) Fused Base Metal Joints - Where the root weld is made by
fusing two base metal parts without the use of inserts, the
joint shall be prepared and fitted so that the thickness of
the lip or lips to be fused is not greater than 1/8". It is
recommended that the surface of the base metal be coated
lightly with an aluminum flux paint prior to welding, in order
to minimize inclusions and poor fusion.

8B. Argon or helium gas of welding grade shall be used as a purging gas

inside the joint and as a protection for the electrode. A seal shall be pro-

vided against excessive leakage of the purging gas inside the joint, but vent

holes shall be provided so that no pressure build-up will occur. The weld area

shall be protected from air currents which are strong enough to displace the

inert gas from the space around the electrode. Nonconsumable electrodes shall

be thoriated tungsten. Only one pass shall be welded with the inert arc,

though local sections can be welded over with the inert arc if the proper

fusion has not yet been obtained. The first pass shall be carefully inspected

for proper fusion and for any defects. Any depression in the surface is

usually evidence of incomplete fusion. The second pass shall be made with

flux-coated electrodes of the same composition as the electrodes to be used

on the remainder of the joint.
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9. Nature of the Electric Current

In manual arc welding, the current used shall be direct with the base

metal on the negative side of the line except with inert arc welding, where

the base metal shall be on the positive side of the line. In submerged arc

welding, alternating current shall be used.

10. Joint Alignment

Joint alignment shall be maintained if necessary by the use of jigs or

fixtures. In addition, the parts being joined shall be supported or held so

as to assure that no partially completed weld is subjected to external tensile

or bending stresses.

11. Tack Welds

Tack welds used to preserve the joint alignment established prior to

welding shall be made with electrodes of the same composition as are to be

used for completing the joint. The area to which the tack welds are to be

applied shall be locally heated to the temperature specified in Paragraph 12.

They shall be thoroughly cleaned before being welded over and shall be thor-

oughly fused into the main weld. If tacks are cracked, they shall be removed

by grinding or chipping before being welded over. Tack welds shall be of the

same quality and made by the same procedures as the completed weld.

12. Preheating

Carbon steels shall not be welded when wet or covered with ice. When the

ambient temperature is below 32 F, all carbon steels shall be heated to a

hand-hot condition (above 150 F). When the carbon content exceeds 0.35 per cent,

the joint shall be preheated to the range of 400 to 600 F prior to any welding

on the joint and shall be maintained within this temperature range throughout
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the period of weld metal deposition. The temperature of preheating shall be

checked by means of either thermocouples or tempilsticks.

13. Welding Technique

13A. Horizontal Rolled (lG) and Horizontal Fixed (3G and 5G) Positions

(1) The metal shall be deposited in layers with approximately one
layer of weld metal for each 1/8" of base-metal wall thick-
ness. When low hydrogen electrodes (ASME filler metal Speci-
fication Nos. XXl5 or X16) are used, the weaving of the
electrode shall be minimized, with the maximum width of weave
being limited to 3 times the diameter of the electrode. In
the horizontal fixed position, the direction of the welding
shall be from the bottom of the joint upward to the top.

13B. Vertical Position (2G)

(1) The metal shall be deposited in beads. There shall be
approximately one layer of weld metal made up of such beads
for each 1/8" of base-metal wall thickness. In the formation
of a layer of weld, the last bead or beads to be deposited
shall, in general, be near the center of the layer rather
than at the edge of the bevel, so that slag entrapment will
be minimized.

13C. Fillet Welds

(1) The size of the electrodes used shall be such as to permit
the deposition of not less than two beads of weld metal. In
the fitting of a part for socket welding, care shall be
taken that the attachment does not rest on the shoulder of
the counterbore surface, but is pulled away approximately
1/16" before the joint is tacked. In piping, the throat of
the fillet shall be at least equal to the thickness of the
thinner member joined.

14. Cleaning

All slag or flux shall be removed from each crater before proceeding with

the next electrode. Each completed layer or bead shall be thoroughly cleaned

and prepared for deposition of the succeeding layer or bead by correcting any

condition which might prevent or interfere with the deposition of sound weld

metal, adequately fused to the existing weld metal and to the base metal.

Cracks shall be removed by grinding or chipping before welding proceeds.
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15. Reinforcement

Butt welds shall be reinforced with one layer of weld metal more than

the amount necessary to fill completely the weld groove. The reinforcement

shall be so built up that there is a g-adual increase in thickness from edge

to center, with no valley or groove along the edge or in the center of the

weld. The maximum reinforcement shall not exceed 1/16" if the base metal

thickness is under one inch nor exceed 3/16" if the base metal thickness is

greater than one inch. Since the purpose of the reinforcement is to refine

the grains of the metal below, the reinforcement may be ground smooth for

purposes such as radiography or even ground flush with the base metal surface.

However, the remaining weld metal must be at least flush with the original

surface of the base metal, and the base metal shall not be ground off below

its original thickness.

16. Identification

Identification shall be made by written record. Temporary identification

may be made by crayon, paint or similar means. No stamping is permitted

directly on the surface of material or welds.

17. Heat Treatment

17A. Post-weld heat treatment shall be accomplished either by furnace

heating a subassembly containing the weld or welds before attachment to other

sections of work or by locally heating a circumferential band containing the

weld at the center. In the latter case, the width of the band which is heated

to the specified heat treatment temperature shall be at least equal to three

times the width of the weld, and the temperature shall be allowed to diminish

gradually outward from the ends of this band. The heating shall be done

gradually and uniformly. Except for torch heating, thermocouples shall be
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done gradually and uniformly. Except for torch heating, thermocouples shall

be provided to assure uniform and proper heating. A record shall be made by

a recording potentiometer and h certified copies of these records shall be

submitted. Torch heating is permitted only for piping and tubing with a

diameter of 3" or less, unless specific exceptions are granted. With torch

heating, temperatures shall be checked by means of tempilsticks.

17B. All groove welds shall be given a post-weld heat treatment when

the nominal wall thickness is 3/h" or greater, when the carbon content

exceeds 0.35 per cent or when the material operates at temperatures exceeding

800 F. No post-weld heat treatment is required for socket welds.

17C. The heat treatment for welds in material within the application

of this part, i.e. plain carbon steel, shall be as follows:

(1) For welds in piping or tubing which is to operate at tempera-
tures not exceeding 800 F, heat to 1125 F (+ 25 F) in approxi-
mately 1 hour, hold at 1125 F for 1 hour per inch of pipe
wall thickness, cool in still air.

(2) For welds in piping which is to operate at temperatures
exceeding 800 F, heat to 1675 F (+ 25 F) in approximately
1-1/2 hours, hold at 1675 F for 2Thours, cool at the rate
of 40 F per 6 minutes to 800 F, then cool in still air.

Exceptions to this heat treatment, and specific ally more
rapid heating and a shorter "holding" time, may be allowed
in the case of small diameter piping or tubing such as
superheater tubing subject to approval.

18. Tests of Welded Joints and Assemblies

18A. Dye Penetrant Test

(1) A dye penetrant test shall be given to the root pass of all
carbon steel welds prior to the application of the second
weld layer. All completed welds shall be given the same
test.

18B. Radiography

(1) A radiographic inspection shall be made on all joints which
the ASME Boiler Code requires to be so inspected and on any
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other welds designated specifications inspector. Two radio-
graphs shall be required on any joint to be radiographed
which exceeds 2" in wall thickness, one after 1" of welding
has been completed, and the second after completion of weld-
ing. All radiographs shall be acceptable according to the
standards of the ASNE Boiler Construction Code, Section VIII.

18C. Hydrostatic Test.

(1) Piping fabricated with welded joints shall be given a hydro-
static test after erection, unless otherwise specified.

(2) All piping systems shall be capable of withstanding a hydro-
static test pressure of 1-1/2 times the design pressure,
except that the test pressure shall in no case exceed the
adjusted pressure-temperature rating at 100 F as given in the
American Standard for Steel Pipe Flanges and Flanged Fittings,
ASA B16.5 for the material and pressure standard involved.
In no case shall the test pressure be less than 50 psi nor
shall it be made with a test medium having a temperature in
excess of 100 F, unless otherwise specified.

(3) In all cases, the required test pressure shall be maintained
a sufficient length of time to enable an inspection to be
made of all joints and connections.

(h) Hydrostatic tests of joints in pipe 1-1/2" in diameter and
larger and operating at pressures of 250 psi and greater,
welded in accordance with this specification, shall be wit-
nessed by a representative of the insuring agency unless a
waiver of this inspection has been granted.

18D. Records

(1) Four certified copies of all required test data shall be
furnished.

19. Repairs

Welds which show local unacceptable defects in radiographic tests or

small pin-hole leaks under Iydrostatic pressure test may be repaired by

removing the defect or defects and rewelding. Any weld which shows general

sweating or bad leaks under hydrostatic pressure tests shall be completely

removed and the entire joint rewelded. The acceptance tests required for the

joint shall then be repeated.
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20. Qualification of Operators

Operators shall be qualified in accordance with the requirements of

Section IX, Welding Qualifications, ASME Boiler Construction Code, with

the filler metal corresponding to Classification F3 of Table Q-ll.2 and

chemical analysis Al of Table Q-ll.3.
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SPECIFICATION FOR

CLEANING METAL COMPONENTS AND

SYSTEMS FOR LIQUID-METAL COOLED

POWER REACTORS

1. Scope

This specification is to define the degree of cleanliness and

to outline in general terms the methodsand materials to be used

to produce these degrees of cleanliness for the following metals.

a. Carbon and low alloy steels.

b. Ferritic and austenitic corrosion resistant steels (AISI 300

and 400 series steels).

c. Special Nickel-Chromium base heat resistant, hard facing and

high temperature brazing alloys.

d. Other non-ferrous materials.

These degrees of cleanliness are established by this proced-

ure.

2. Definitions of Cleanliness

Class I Critical Cleanliness

Critical Cleanliness requires that the surface and/or systems

so designated shall be free of all contaminants such as:

oxides, mineral residues, hydrocarbon, paints, grit (imbedded

or loose), chips, scale, weld spatter, fluxes, burnished or

galled on foreign metal and shall show no evidence of water

break on removal from contact with final water rinse. Water

break is the disruption of the continuous water film retained

on the surface being cleaned from rinsing. Water break is
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caused by the presence of a non-wettable foreign material

such as oil on the surface being cleaned. A critbally clean

surface shall not smudge a clean white lintless wiping cloth.

Class II. Standard Cleanliness

Standard Cleanliness requires that the surface and/or systems

so designated shall be free of all harmful contaminants which

might contribute to malfunctioning of the equipment. These

contaminants are such items as oxides (not heat tint oxides),

mineral residues, hydrocarbons, paints, grit (Imbedded or

loose), chips, scale, weld spatter, and fluxes. Surfaces of

Class II Cleanliness shall be visually clean.

Class III. Utility Cleanliness

Utility Cleanliness requires that the surface and/or systems

so designated shall be free of all gross contaminants such

as scale, heavy oxides, visible mineral residues, loose grit,

hydrocarbons, paints, chips, weld spatter, or fluxes which

would interfere with the function of, or the application to,

of protective coating. Class III surfaces shall be visually

clean within the limits herein described.

3. Applications

Class I. Critical Cleanliness

a. Components of delicate instruments, sensing devices,

and mechanisms.

Class II. Standard Cleanliness

a. Surfaces and systems in reactor core.

b. Surfaces and systems in contact with either primary or

secondary sodium.
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c. Controls and mechanisms in contact with either primary

or secondary sodium.

d. Surfaces and systems in contact with steam and feed-

water.

e. Controls and mechanisms in contact with steam and feed-

water.

Class III Utility Cleanliness

a. Structural Components.

b. Surfaces and systems in contact with coolant water.

4. Materials for Cleaning

All chemicals used in the compounding of cleaning agents shall

be of technical or commercial quality. Borate salts shall not be

used in the compounding of cleaning agents nor as water softeners.

Rinse waters shall be of two grades:

(1) Tap water that shall be potable, free of suspended

matter, oils, and discoloration and shall contain

no more than 120 ppm. of dissolved minerals and

organics of which no more than 10 ppm to be chloride

ion. The PH of the tap water shall be 7.0-8.0.

Tap water shall be used for making up cleaning

baths and as an intermediate or final rinse.

(2) Purified water that shall be either deionized or

distilled and that shall contain no more than 10

ppm of dissolved minerals or organic matter nor

more than 2 ppm of chloride ion. The PH of purifi-

ed water shall be 7.0 0.2. Purified water is
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a mandatory, final rinse for Class I Cleanliness.

5. Preliminary Cleaning

The preliminary cleaning of weldments, forgings, castings,

and mill shapes shall be ordinarily performed by the manufacturer

of such items. This cleaning will include the removal of gross

contaminants such as scale, heavy oxide, slag, flux, weld spatter,

sand, etc. The methods applicable for preliminary cleaning,

singly or in sequential combination are: -

a. Grinding and sanding (silicon carbide grits shall not be

used on chromium or nickel - chromium corrosion resistant

steels).

b. Grit, shot, and sand blasting (carbon steel & cast iron shot

and grit and silicon carbide grit shall not be used on

chromium corrosion resistant steels or nickel-chromium

corrosion resistant steels or any any other nonferrous metals

and alloys).

c. Pickling.

d. Fused salt decaling.

e. Wire brushing (wire bristels must be of same type of material

as the material being cleaned).

f. Flame cleaning.

g. Steam cleaning.

h. Any other suitable method as agreed to by APDA and the

contractor.

No method of cleaning shall be used that will be injurious

to the properties and metallurgical structure of the materials.

171



The weldments, forgings, castings, and mill shapes shall be free

of all residues of cleaning before further processing or ship-

ment. When necessary the materials shall be provided with

adequate protection against contamination in shipping.

6. Finish Cleaning

a. Class I and II

Finish cleaning will ordinarily be performed on an item when

all manufacturing operations on that item have been completed

and on units of an assembly or sub-assembly when to clean the

assembly or sub-assembly would present problems of the inab-

ility of the cleaning agents to be brought into contact with

the soiled surfaces and with retention of the cleaning agents.

A general rule would be to clean a finished fabricated item

in its simplest geometric form and then protect it from cont-

amination until it is placed in its final location or in an

assembly. When it is mandatory to perform such operations,

after cleaning, as welding and machining, the unaffected

cleaned surfaces shall be protected from contamination and

the worked area cleaned after the completion of operations

by localized cleaning techniques. Where a particular area

could be damaged by a cleaning agent, it shall be protected

by suitable masking.

Methods applicable for producing Class I and Class II Clean-

liness are:

(1) Solvent cleaning.

(2) Emulsion cleaning.

(3) Alkaline cleaning.
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(4) Acid cleaning.

(5) Ultrasonic cleaning.

The mode of performing the cleaning operations are in the

following order of preference:

(1) Irnersion (when feasible),

(2) Flushing.

(3) Ultrasonic (when feasible).

(4) Spraying.

Time and temperatures of the stages of cleaning operations

shall be such as to perform effective cleaning without being

injurious to the properties or metallurgical structure of the

materials. Surfaces shall not be permitted to dry between the

stages of cleaning and final rinsing.

Intermediate rinsing shall be of sufficient duration and

quality such as to remove the cleaning agents from the cleaned

surfaces. Final rinsing shall be of sufficient duration and

quality such that the solute content of the effluent rinse water

shall be normore than five (5) per cent greater than the supply

rinse water.

For Class II Cleanliness, final rinsing may be done with tap

water provided that sufficient rinsing be performed so that the

effluent rinse water shall not contain more than five (5) per

cent solute than does the inlet rinse water and that complete

drainage can be accomplished. Any special surface treatment when

required shall be so stated on drawings and/or purchase orders.
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(The solute content of effluent rinse waters may be determined

indirectly by such means as PH or resistivity measurements).

After thorough draining of final rinse liquids and checking

of the drained liquid, the part shall be dried completely with

hot, dry, clean, oil-free air.

Prior to providing protection against recontamination and

immediately after the completion of drying, the manufacturer's

inspector shall examine the part to determine compliance with

the specified degree of cleanliness. Failure to comply means

repetition of the cleaning to produce the required cleanliness.

After th3 part shall have been properly cleaned and dried,

it shall be provided with adequate means of protection against

contamination and moisture, such as plugs and/or enclosures. The

enclosures and/or plugs shall be sealed in such a manner as to

afford positive indication of unauthorized entry.

b. Class III.

Class III Cleaning will ordinarily be performed on parts

that have been completely fabricated and on field construction

items where it is not feasible to apply Class II Cleanliness.

Methods applicable for Class III Cleaning are:

(1) Solvent cleaning.

(2) Brushing (dry or in conjunction with cleaning solutions).

(3) Sandblasting.

(4) Sanding.

(5) Steam cleaning.

(6) Jet cleaning.
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Class III Cleaning shall be performed in a manner that is

most feasible and which will produce the requisite degree

of cleanliness. Parts cleaned to a Class III degree will be

subject to contractor's inspector's examination and approval

before proceeding with subsequent operations. Drying when

required may be performed with clean, dry, oil-free air and/

or wiping with a clean cloth.

7. Inspection

All parts requiring Class I, II, or III Cleaning shall be

inspected by the contractor after such operations to determine

compliance with specifications. Attestation of the performance

and compliance of these cleaning operations shall be provided

(4 copies) to APDA.

8. Rejection

This specification is a basis for rejection.

9. Contractor

The contractor shall be responsible for:

(1) Development of a cleaning procedure and establitiing

the necessary facilities and personnel to perform the

specified cleaning.

(2) Providing APDA with all pertinent data and information

on the cleaning procedure and facilities.

(3) Obtaining APDA approval for the procedure and facilities.

(4) Maintaining and controlling the cleaning processes to

produce the specified degree of cleanliness.
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(5) Protecting and developing the necessary devices for

protection of the cleaned parts against contamination

in shipping, handling or storage.

(6) Keeping the APDA inspector informed of operations and

tests so that he will have sufficient time to inspect

and witness operations if so deemed necessary.

REFERENCES:

(1) "Manual of Methods for Cleaning Metals." J. Suss.,

KA PL-A-SCM-l.

(2) Military Specification, MIL-C-1987, "Cleaning Requirements

for Nuclear Primary Coolant Equipment Including Piping Systems."
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MATERIAL SPECIFICATION

FOR

ON SITE CLEANING OF SODIUM-COOLED REACTOR COMPONENTS

AND ASSOCIATED EQUIPMENT, SYSTEMS, STRUCTURES, AND

APPURTENANCES

1. SCOPE

This specification covers the degree of cleanliness and,

in general terms, methods and materials to be used to produce

these degrees of cleanliness. In addition contamination preven-

tion procedures and preparations of surfaces to receive protective

coating are also incorporated in this specification. This

specification is applicable to the following materials.

a. Carbon and low-alloy steels.

b. Ferritic and austenitic stainless steels (AISI 300 and 400

series),

c. Special nickel-chromium base, heat resistant, hard facing,

and high-temperature brazing alloys.

d. Other non-ferrous metals.

e. Ceramic materials.

f. Miscellaneous non-metallic materials.

2. Definitions of Cleanliness

Class II - Standard

Standard cleanliness requires that the surface and/or

systems so designated shall be free of all harmful

contaminants which might contribute to the malfunc-

tioning of the equipment. These contaminants are such

items as oxides (not heat-tint oxides), mineral residues,



hydrocarbons, paints, grit (imbedded or loose), chips,

scale, foreign objects, weld spatter, and fluxes.

Surfaces of Class II cleanliness shall be visually clean.

Class III - Utility

This cleanliness requires that the surface and/or systems

so designated shall be free of all gross contaminants

such as scale, heavy oxides, visible mineral residues,

loose grit, hydrocarbon, paints, chips, weld spatter,

or fluxes, which would interfere with the function of

or the application to, of protective coating. Class III

clean surfaces shall be visually clean within the limits

herein described.

3. Applications

Class II - Standard

a. Surfaces and systems in reactor core.

b. Surfaces and systems in contact with either primary

or secondary sodium.

c. Controls and mechanisms in contact with either

primary or secondary sodium.

d. Surfaces and systems in contact with steam and/or

feedwater.

e. Controls and mechanisms in contact with steam and

feedwater.

Class III - Utility

a. Structural Components.

b. Surfaces and systems in contact with coolant waters.
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4. General Procedures for On Site Maintenance of Cleanliness

Normally, all components of the reactor and associated

equipment will be delivered to the reactor site cleaned to the

requisite degree and provided with protection to maintain that

cleanliness in transport as per APDA Spec. 10-16. The protective

coverings on all parts should not be removed until necessary to

do so at the time of installation. If it is feasible to install

a component without completely removing its protective covering,

that should be done and the removal completed after installation

when it becomes necessary to do so.

Good housekeeping and planning of installation operations

will do much to mitigate contamination resulting from installation

operations. Installed sections should be protected from contaminations

by shielding them with plastic film (or other type) masks or covering.

Immediately on completion of an installation operation, the

operational area should be cleaned up and provided with protection

before proceeding to another succeeding operation. EXTREME CARE

SHOULD ALSO BE EXERCISED IN ACCOUNTING FOR ALL TOOLS AND ITEIS

USED IN AN INSTALLATION OPERATION SO THAT THERE ARE NO LOOSE "LOST"

ITES LEFT BEHIND AS WORK PROGRESSES. All protective shields that

would become inaccessible should also be pulled out as the operations

pull back.

Whenever there is a possibility of the introduction of

contaminants by the personnel from the outside to the work area,

the personnel shall be provided with such accessory clothing or

devices to eliminate that possibility. That clothing or device

shall be donned before entering the work area and removed on exit

180



from the work area.

Surfaces that are to be given a protective coating

shall have that coating applied immediately following the cleaning

of those surfaces..

5. Cleaning Methods

Of necessity, the methods applicable to on-site cleaning

will be restricted to dry or localized wet techniques performed

manually with the aid of hand or small power tools.

Class II

Methods applicable for producing Class II cleanliness:

(a) Solvent Cleaning.

(b) Alkaline Cleaning.

(c) Acid Cleaning.

(d) Mechanical cleaning followed by solvent, alkaline,

or acid cleaning.

a. Solvent cleaning shall be performed by means of

swabbing, brushing, and wiping. Solvent cleaning

shall be followed by wiping dry with a clean lint-

less cloth.. The solvents that may be used are:

1. VMP Naphtha (general applications).

2. Ethanol, Federal Spec. O-E-760.

3. Acetone, Federal Spec. O-A.-51.

4. Toluol, Federal Spec. TT-T-5L8.

5. Xylene, Federal Spec. TT-X-916.

Ethanol, Acetone, Toluol, and Xylene are to be used

where conditions of possible solvent retention exist.
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Safety precautions must be observed in the use of

these solvents because of their flammability and

toxicity.

b. Alkaline cleaning shall be performed by means of

swabbing, brushing, or wiping. The alkaline cleaner

solutions should not be permitted to dry and shall

be removed by rinsing and wiping several times with

a clean lintless rag and clean tap water.* Where

possibilities of retention of cleaner exist, alkaline

cleaners shall not be used. Two typical formulations

of alkaline cleaner on as weight per cent basis are:

Medium Duty Heavy Duty

Na3 P04. 12H2 0 30-50 30-50

Na 4 P207  5-10 5-10

Na2CO3  30-50 25-40

NaOH ----- 10-30

Wetting Agent 5-8 5-10

The concentrations of the alkaline cleaners should

not exceed eight (8) ounces per gallon of water

(70 gm/liter).

Many alkaline cleaners can be obtained as proprietory

compounds. No alkaline cleaners containing silicates

should be used because of the poor rinsing properties

NOTE: * A good rinse can be checked by wetting a small
cleaned area with a few drops of clean tap water and
testing with red litmus paper. The turning blue of the
red litmus paper indicates the need for additional
rinsing.
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of the silicate compounds. In many applications,

common household liquid detergents will do a very

effective job on cleaning and may be used in lieu

of the solvent and alkaline cleaners. Alkaline

cleaners are most effective at above room temper-

atures..

3. Acid cleaning shall be restricted to removal of light

oxide films on metal surfaces. Acid cleaning shall not be

used where possibility of entrapment exists, on hardened

steel parts or on porous surfaces. Acid cleaning shall be

performed by swabbing only - the action of the acid cleaner

being only of sufficient duration to remove the soil.

Multiple rinses with tap water shall immediately follow the

cleanser action and shall be performed by swabbing and wiping

with lintless cloths.*

An acid cleaning solution for use on austenitic stain-

less steels to clean up rust spots and oxides resulting from

welding shall have the following composition.

a. Hydrochloric Acid, 1.2 sp. gr. (Tech. Grade) 50

parts by volume.

b. Tap Water 50 parts by volume.

An acid cleaning solution for use on carbon and low-alloy

steels to clean up rust and light scale and oxide resulting from

welding shall have the following composition:

Note: * A good rinse can be checked by wetting a small cleaned area
with a few drops of clean tap water and testing with blue
litmus paper. The turning red of the blue litmus paper
indicates the need for additional rinsing.
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a. Hydrochloric Acid, 1.18 sp. gr. (Tech. Grade)

10 parts by volume,

b. Tap Water 90 parts by volume.

c. Inhibitor (Spec., MIL--I-17h33) 6 ounces per gallon

of acid solution.

For removing light rust on structural carbon steel

parts that are to be given a protective paint coating the

following solution can be used.

a. Industrial Denatured Alcohol, 95%, 75 parts by

volume,

b. Phosphoric Acid 75%, Tech. Grade, 25 parts by

volume. This solution is applied by wiping with

a cloth wet with the solution. Rinsing is not

necessary.

4. Mechanical cleaning which will be the most applicable

and feasible means for "On Site" removal of contaminants may

be performed by the following methods:

a. Suction Cleaning.

b. Wire Brushing

c. Grinding.

d. Sanding

e. Steam Cleaning.

f. Flame Cleaning.

g. Sand Blasting.

Suction cleaning is useful for removing loose

contaminants and serves as a adjunct to other cleaning

methods.
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Wire brushing of metal surfaces shall be performed

with the brush wire being of the same type of material as

the metal being cleaned. On the interior of vessels and

closed spaces, power brushes shall be equipped with suction

devices to collect loose particles at their point of

generation.

Grinding and sanding as cleaning methods are primarily

intended for removing scale and heavy oxides. When performed

in the interior of vessels and closed spaces, power grinders

and sanders shall be equipped with suction devices to collect

the loose particles at their point of generation. In con-

nection with the production of Class II cleanliness, wire

brushing, grinding, and sanding, shall be followed by wiping

with lintless cloths usually wet with a solvent.

Steam cleaning, flame cleaning, and sand blasting are

intended for preparation of exterior structures for painting

and shall not be used on or in vessels or in closed spaces.

6. Inspection

All installation cleaning is subject to inspection and approval

of the APDA and/or PRDC inspector.

7. Rejection

This specification is a basis for rejection.

8. Contractor

The contractor shall be responsible for:

1. Development of a cleaning procedure and establishing the

necessary facilities and personnel to perform the specified
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cleaning.

2. Providing APDA With all pertinent data and information on the

cleaning procedure and facilities.

3. Obtaining APDA approval for the procedure and facilities.

)4. Maintaining and controlling the cleaning processes to produce

the specified degree of cleanliness.

5. Protecting and developing the necessary devices for protection

of the cleaned parts against contamination.

6. Keeping the APDA and/or PRDC inspector informed of operations

and tests so that there will be sufficient time to inspect

and witness operations if so deemed necessary.
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CONSTRUCTION ESTIMATE
SODIUM COMPONENTS TEST FACILITY - AEC CONTRACT AT (11-1) - 772

DETAIL
Sheet No. 1 of 21

Item and Description

310 Land and Land Rights

311 Structures & Improvements
Assumptions Plant Site area 300'-0" x 300'-0" - apprvc.

2 acres.
A Site Preparation & Improvements On Site

Not Included

Clearing- Site - Clear & level site assumed
General Yard Fill
Finished Grading
Road Paving
Parking Areas - Cinder - Allow for 15 cars
Sidewalks & Curbs
Railroad Sidings
Yard City Water Supply Piping
Yard Service Water Supply Piping
Yard Heating Steam Supply Piping
Storm & Sanitary Sewers & Catch Basins
Sewerage Disposal Facilities
Water Storage Tanks
Property Fence
Yard Lighting

Total Site Preparation & Improvements On Site

None
None

90,000 s.f.
1,900 s.y.

350 a.y.
Allowance

300 l.f.

Allowance

Allowance
None
None

1,200 l.f.
Allowance

Acct.
No.

Material
Quantity Cost

Erection
Labor

Total
Cost

1.
2.

00 .0
5.
6.
7.
8.
9.

10.
U.
12.

15.

2,000
5,000

300
200

3,000

2,000

2,000

2,500
3,500

3,000
2,000

100
00

2, 00

3,00

3,

1,500
1,500

5,000
7,000

700
300

5,000

5,000

5,000

4,000
5,000

20,500 16,500 37,000



SODIUM COMPONENTS
CONSTRUCTION ESTIMATE
TEST FACILITY - AEC CONTRACT AT (11-1) - 772

DETAIL
Sheet No. 2 of 21

Material
Quantity CostItem and Description

311

1,100 c.y.
6 weeks

None
200 c.y.

8,200 s.f.
20 tons

315 c.y.
5,000 s.f.0

None
5,1400 s.f.

Structures & Improvements - Cont'd
B, Main Building Structure

Substructure
1, Earth Excavation Incl. Disposal
2. Pumping
3. Sheeting & Shoring
14. Bakfill
5. Forms for Concrete
6. Reinforcing Steel
7. Concrete
8. Cement Finish Floors
9, Pit Waterproofing

Total Substructure
Superstructure

10. Concrete Floors
a. Farms
b, Reinforcing Steel
c. Concrete
d. Cement Finish Floor

1. Ovncret e Isolation Walls
a. Forms
b. Reinforcing Steel
c, Concrete
d, Rubbed Surfaces

12.8 Exterior Concrete Block Walls
13. Structural Steel
14: Floor Grating
15. Pipe Railing
16. Steel Stairs (Open Riser)
17. Miscellaneous Iron - Allowance
18. Steel Sash Glazed
19. Rolling Steel Doors (3 Units)
20, Metal Doors & Frames (12 Units)

Carry Forward

s.f.
tons
c.y.
s.f.

s.f.
tons
c.y.
s.f.
S.f.
tons
s.f.
l.f.
l.f.
tons
s.f.
s.f .
s.f.

Acct.
No.

1,400
2

25
1,1400

15,200
19

280
15,200
1,700

265
3,000

600
450

5
300
3140
250

H

Erection
Labor

Total
Cost

1,000
100

300
3,000
3,000
1,700

500

12,600

500

400
200

5,000
3 ,000
4,200
500
700

68,000
7,000
1,800
3,500
2,000

2,000
1,600

101,100

2,000
900

200
10,000

2,000
3,300
1,500

1990

2,000
200
300
600

18,000

1,000
1,800
25,000
3,000
1,200
2,500
1,000

200
500
1400

'63,000

3,000
1,000

500
13,000
5,000
8,000
2,000

32,50

2500
500
100

23,000
1,000
8,500
1,500

6,000
10,000

3,000
3,0

600
2,500
2,000

166,100
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Item and Description
Material

Quantity Cost

Structures & Improvements - Cont'd

B. Main Building Structure - Cont'd

Superstructure - Cont'd
Brought Forward

21. Corrugated Asbestos Siding
22. Insulated Siding - Sandwich Panels
23. Roof Deck & Roofin

a. Roof Deck - 2"Precast Roof Slabs
b. Roof Insulation - Control Rom Only
c. Roofing

240 Flashn & Sheet Metal

a. Flaishing
b. Gutters & Downspouts

250 Control Roan Ceiling - Accousti Tile Suspended
26. Painting

Total Superstructure

BuildigServices

27. Floor Drains Incl. Piping
28. Plumbing - Control Roam
29. Heating & Ventilating
30. Air Conditioning Unit - Control Room
31. Fire Protection - Portable Equipment Only
32. Lighting & Service Wiring

Total Services

12,900 s.f.
1,600 s.f.

5,300 s.f.
900 sf.

5,300

400 1.f.
500 1.f.
800 s.f.

Allowance

10 Units
Allowance
Allowance

1 Unit
Allowance

8,300 s.f.

Total Main Building Structure

Acct.
No.

311

Erection
Labor

H

0

Total
Cost

101,100
6,000
2,300

2,500
300

2,500

1400
700
600

if 000

1,500
8oo

3,000
1,800

800
8 500

1 ,s

65,ooo
L,000
1,200

1,500
100

1,500

100

400

2 000

1,000
200

2,000
200
200

4-000
7,boo

166,100
10,000
3,500

4,000
boo

4,000

500
1,000
1,000
5 000

2,500
1,000
5,000
2,000
1,000

12 500

252,000 c.f. 146,1W0 105,6oo 252, 000
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Item and Description
Material

Quantity Cost

Structures & Improvements - Cant'd

C. Office & Service Building

Substructure
Excavation & Backfill
Forms
Reinforcing Steel
Concrete
Ceme t Finish Floors

Total Substructure

Sup structure

Concrete ock Walls
Interior T. C Partitions
Steel Roof Trusses
Steel Sash Glazed
Metal Doors, Frames & Hardware
Precast Roof Slabs
Roofing & Insulation
Flashing, Gutters & Downspouts
Painting

Total Superstructure

Services
Plumbing
Heating & Ventilating
Lighting & Service Wiring
Heating Boiler (1 Unit)

Total Services

Total Office & Service Building

100
2,000

2
85

2,250
2, 400

3,000
1,100

4
300
160

2,250
2,250

150
4,000

26,400

Allowance
26,000 c.f.

2,250 s.f.
Allowance

26,100 c.f.

Total Structures & Improvements - Acct. 311

Acct.
No.

31

1"

2,

54,

Erection
Labor

Total
Cost

H

H 6.
7.
8.
9.

10.
11.
12.
3.

14 .

c.y.
s.f.
tons
c.y.
s.f.
s.f.

s.f.
s.f.
ton
s.f.
s.f.
s.f.
s.f.
l.f.
s.f.
c.f.

15.
16.
17.
18.

100
700
300

1,300
200

2,600

1,200
1400

1,000
500

1,200
1,000
1,300

200
1400

7,200

2,1100
1,500
1,700

9,600

19,400

200
1,800

200
1400
5oo

3,100

3,300
500
400
200
300
500
700
100

1,100
7,100

600
1,000

800
1,000

3,100

13,600

300
2,500

500
1,700

5,700

4,500
900

1,40
700

1,500
1,500
2,000

300
1,500

14,300

3,000
2,500
2,500
5;000

13,000

33,000

196,300 135,700 322,000
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Acct.
No. Item and Description

Material
Quantity Cost

Boiler Plant Equipment

A Fuel Oil Storage & Circulating Facilities
1. Excavation & Grading
2. Concrete Mat

Concrete
Reinforcing Steel

3. Sand Cushion
4. Earth Dike
5. Steel Stairs, Platforms & Railings over Dike
6. Steel Storage Tank. 3/8 Plate 35'-0 D x 28'-6" High
7. Sandblast Tank - Interior
8. Storage Tank Heater
9. Unloading Platform

10. Oil Unloading Pump - 50 gpm
11. Oil Circulating Pump. Furnished by AEC at Lewiston, N.Y.
12. Pump Foundations
13. Unloading Piping & Flexible Hose. 2" Pipe
]J4. Supply & Return Piping.. 2" Pipe
15. Steam Tracer Lines. 3/14" Pipe
16. Pipe Supports - No Special
17. Pump & Pipe Insulation
18. Pipe Trench Excavation - Backfilled
19. Paint Tank Exterior & Pumps, Etc.
20. Instruments - Level & Temperature Indicators

Total Fuel Oil Storage & Circulating Facilities

350 c.y.

45 c.y.
3 ton

20 c.y.
240 c.y.

2,000 lbs
4ltons ]J

5,100 s.f.
1 Unit

1,000 lbs
1 Unit
1 Unit(Frt)
2 Units

60 l.f.1
280 1.f.)
3400 1.f.

280 1.f.
5,000 s.f.

2-

300

700
1400
100
300
600

1,000

300
2,000

300
500
200
200

200

100

600
100
400
200

,500

312

Erection
Labor

Total
Cost

1400

300
300

500
200

14000
500
500
100
200
300
300
300

200

100
500

1,400
100

10,500

700

1,000
700
100
800
800

18,000
800

2,500400
700
500
500
500

300

1,000
600

1,800
300

32,000
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Item and Description
Material

Quantity Cost

312 Boiler Plant Equipment - Cont'd

B Oil Fired Sodium Heater - 30Oto 35 Mt
Size 321-0-3L" x 15'-2-7/8" x 25'-1-5/16" High
Heating Surface 7344 s.f.
The following parts furnished by AEC at Lewiston, N. Y;

183 Multibend U tubes 1-1/4" OD x .095" all 30 S.S. approx. 120 ft long.
8 & 10" SS Na Inlet & Outlet Headers.
Refractories & Insulation.
C. S Inner & Outer Casing & S.S. Linings.
5 Oil Burners with Atomizers & Propane Lighters.
7'-O Diameter Stack 60'-o high in 3 sections.
Approx. 12 L.F. Breeching from Heater to Stack.
2" thick Cast Insulation Liner for Stack & Breeching.
5 Sets Fireye Combustion Control Equipment for Burners.
Calrod Heating Elements for Headers.
Structural Steel Framing & Supports.
Total Weight of Heater parts approx. 295,000 lbs.

1.
2.
3.
14.
5.
6.

Estimated Cost of:
Pack and Load at Lewiston, N. Y.
Freight Cost - Lewiston to Site 1,000 miles @ .10/ton mile
Unload & Erect at Site
Allow for Replacement of Missing or Damaged Parts
Concrete Foundation for Heater & Stack
Allow for Modification of 5 Oil Burners

148 tons

148 tons
Allowance4O c.y.
Allowance

500
15,000
5,000
5,000
1,500
2,500

Total Oil Fired Sodium Heater Incl. Stack

Acct.
No.

Erection
Labor

H

W~&

Total
Cost

3,500

4o,000

2,000

4,000
15,000
45,000
5,000
3,500
2,500

29,500 45,500 75,000



CONSTRUCTION ESTIMATE DETAIL
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Acct. Material Erection Total
No. Item and Description Quantity Cost Labor Cost

312 Boiler Plant Equipment - Cont'd

C. Forced Draft System

The followi s furnished AEC at Lewiston N.Y.
One 53, 400cfm F.D. Fan with Inlet Boxes & Dampers
One 200 hp 2 speed drive.

Estimated Cost of:
1. Pack & Load Fan & Motor at Lewiston, N.Y. 12 tons 100 200 300
2. Freight Cost - Lewiston to Site 1,000 miles @,10/ton mile 1,200 - 1,200
3. Unload & Erect at Site 300 1,500 1,800
4. Concrete Foundation for Fan & Motor 6 c.y. 200 300 500
5. F. D. Ducts & Hangers 4 tons 1,1400 1,600 3,000
6. Fan Insulation 200 s.f. 800 300 1,100
7. Duct Insulation 720 s.f. 2,800 700 3,500

6,800 4,600 11,400Total Forced Draft System
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Item and Description

Boiler Plant Equipment - Cont 'd

Material
Quantity Cost

D. Primary Sodium Circuit Equipment & Piping
Including IH Regeneration
The following parts furnished by AEC at Lewiston, N.Y.
One 3300 gpzm Primary E.M. Pump - 85 psi @ 58O F

Estimated Cost of:
Pack & Load One 3,000 gpn E.M. Pump at Lewiston, N.Y.
Freight Cost - Lewiston to Site 1,000 miles @ .l0/TM
Unload & Erect 3,000 gyau E.M. Pump at Site
Purchase & Erect 0OO gpm E.M. Pump @ 26 psi
Concrete Foundations for 2 Pumps
Air-Sodium Cooler Incl. Fan, Flues, Stack & Oil Burner
Concrete Foundation for Air-Sodium Cooler
Intermediate Heat Exchanger
Purchase 8" Sched. 40-31 Stainless Steel Pipe
Purchase 316 Stainless Steel Fittings
Shop Fabrication of Pipe & Fittings
Erection of Pipe & Fittings - Inert Gas Welds,Radiograph
Purchase & Erect Pipe Hangers & Supports
Purchase & Erect 8" Bellows Seal Air Operated

316 Stainless Steel Flow Control Valves
8" ?armal Controlled 316 Stainless Steel Valves
8" E.M. Flowmeters for Sodium Service
Insulate E.M. Pumps
Insulate Air-Sodium Cooler Equipment - 4"
Insulate Pipe Fittings & Valves - 6"
Secondary Containment
Split 1/4" Wall C. S. Tube Wrapping for Pipe Induct.Heat
Induction Wire Wrappin for Pipe Va1v & Fittings
Expansion Tank 316 SS'-0 D x 8 -) - 660 gals.
Tank Supports
Tank Insulation 4"" C.S. Tank WrappingTank Induction Heatngd

Total Primary Sodium Circuit Equipment & Piping

1 Unit
1 Unit
5 c.y.
1 Unit

25 c.y.
Not Included

23,000 lbs
3,200 lbs

26,200 lbs
26,200 lbs

1 Set

8 Units
3 Units
3 Units
None

500 s.f.
4,500 s.f.

None
19,000 lbs
4,500 s.f.

1 Unit
Allowance

150 s.f.
1 600 lbs.
1g0 s.f.

Acct.

312

Erection
Labor

Total
Cost

1.
2,
3.
4.
5.
6.

9.
10.
11,
12,
15.

15.
16,
17.
18.
19,
20.
2,
22.
23,
24,
25.
26.
27.

100
500
200

140,000
200

85,000
800

140,000
17,500
50,000

5,000
15,000

120,000
24,000
15,000

2,000
27,000

3,000
7,000
7,500

300
500
200
200

1461,000

200

1,000
1,000

300
5,000
1,200

140,000
5,000

2,000
500

1,500

soo500
7, 000

2,000
15,000

300
200
100
200
500

83,500

300
500

1,200
41,000

500
90,000

2,000

17,500

50,000
45,000
20,000

122,000
24,500
16,500

2,50Q
34,0W

5,000
22,000
7,800

500
600
400
700

514,500
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Item and Description Quantity
Material

Cost

DETAIL
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Erection Total
Labor Cost

Z Boiler Plant Equipment - Cant'd

E, Secondary Sodium Circuit Equipment & Piping
The following parts furnished by AEC at Lewiston, N.Y.
One 3000 gpn Secondary E.M. Pump - 75 psi

Estimated Cost of:
Pack & Load One 3000 gm E.M. Pump at Lewiston, N.Y.
Freight Cost - Lewiston to Site 1000 miles @ .10/ton Mile
Unload & Erect 3000 gjm E.M. Pump at Site
Concrete Foundation for 1 Pump
Steam Generator Including Relief Diaphram
Purchase 8" Sched 140 - 316 Stainless Steel Pipe
Purchase 316 Stainless Steel Fittings
Shop Fabrication of Pipe & Fittings
Erection of Pipe & Fittings - Inert Gas 1Weids Radiograph
Purchase & Erect Pipe Hangers & Supports
Purchase & Erect 8" Bellows Seal Air Operated

316 Stainless Steel Flow Control Valves
8" E.M. Flowmeter
Insulate Pipe, Fittings & Valve (6")
Secondary Containment
Split 1/4" Wall C.S. Tube Wrapping for Pipe Induct. Heat
Induction Wire Wrapping for Pipe Valves & Fittings
Expansion Tank 316 S i'.-O D x '- 0  - 660 gals
Tank Supports
1/4" C .S. Tank Wrapping
Tank Insulation - 6"
Tank Induction Heating
Na-Relief Separator Including Rubber Boot
Insulate Na-Relief Separator
16" 5.5. Bellows Expansion Joint at Steam Generator
30" C.S. Relief Pipe at Separator.3/8 Wall. 6 1.f.
8" C.S. Relief Piping Steam Generator to Separator
Relief Pipe Hangers & Supports
Insulate Relief Piping

Total Secondary Sodium Circuit Equipment & Piping

1 Unit
2 c.y.

Not Included
5,600 lTs

700 lbs
6,300 lbs
6,300 lbs

1 Set

1 Unit
1 Unit

1,000 s.f.
None

4,50o lbs
1,000 s.f.

1 Unit
Allow
1,600 lbs

150 s.f.
150 s.f.
1 Unit
None
6 l.f.

750 lbs
1,500 lbs

1 Set
None

100
500
200
100

10,000
400

10,000
1,000
1,000

15,000
5,000
6,000

700
1,500
7,500

300
200
500
200

9,000

1,000
500
800
500

75,000

200 300
- 500
1,000 1,200

100 200

- 10,000
4o

- 10,000
10,000 11,000

1,000 5,000

300 15,300
500 5,500

1,500 7,500

500 1,200
3,500 5,000

300 7,800
200 500
200 400
100 600
500 700

1,000 10,000

200 1,200
700 1,200

1,000 1,800
200 700

23,000 98,000

Acct.
No.

3L2

1.
2.
3.

1.

6.
H 79

8,
9.

18.
19,
20,
21.
22,0
23"
24.
25,
26.
27.
280
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Boiler Plant Equipnent - Cont' d

DETAIL
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Material Erection
Quantity Cost Labor

Total
Cost

F. Sodium Service System Equipment & Piping
No part of this system will be furnished by AEC

1. Purchase Cost F.O.B. Calif. of:

a, Cold Trap - 10 gpm
b. Economizer - 10 gpin
c. Cold Trap Air Blower Incl. Motor
d. Plugging Indicators Incl. Blowers & Motors
e. E.M. Pump - 10 gprn
f, E.M. Flometers - 2 @ lgpa & 1 @ 10 gu

2. Freight Cost on Item 1
}. Erection Cost of Item 1
4. Foundations & Supports for Item 1
5. Insulation for Above Purification Equipment
6. Induction Heating for Purification Equipment
7. Sodium Drum Heating Mantles
8. Primary Sodium Storage Tank - 5500 Gals C. Steel
9. Secondary Sodium Storage Tank - 14,000 gals. C. Steel

10. Tank Supports, Saddles, Etc.
11. Tank Insulation - 2 Units 14"
12. Tank Induction Heating

. Purchase 3", 2" & 1" Chrome-Moly Pipe
Purchase Chrome-Moly Fittings

15. Field Fabrication & Erection of Pipe & Fittings
16, Purchase & Install Following Valves & Filters

a. 2" Chrome-Moly Bellows Seal Air Oper.Flow Contr
b. 1"1 "1 "11 "1 "1 " 1 "1 " 1 " afves

c. 3" : t "An e Globe Valves for Na Service
d. 3"1 "1 " "1 t Y1Pattern Globe Valves for Na Service
e. 2" " " "" " " "I " "t t I

f. 3" Micro-Metallic Filters
17. Pipe Hangers & Supports
18. Insulate Pipe, Fittings & Valves 14"
19. Induction Wire Wrapping of Pipe, Fittings & Valves

Total Sodium Service Equipment & Piping

1 Unit
1 Unit
1 Unit
2 Units
1 Unit
3 Units

Allow
1 Set

Allow
Allow
Allow

2
1
1
2

1,100
1,100
4,000

700
4,700

Units
Unit
Unit
Units
off.
s.f.
lbs
lbs
lbs

1 Units
4 Units
1 Unit
8 Units
9 Units
2 Units
1 Set

1,000 s.f.
1,000 s.f.

Acct.
No.

312

H

35,000

1,000
500
200

1,500
300
800

4,500
3,800

700
4,500
1,500
3,000
2,500

500

6,000
5,000

500
4,000

800
500

2,000
4,000
1,500

84,600

35,000

1,000
6,000

500
2,000
1,000

900
4,800
4,100
1,000
5,500
5,500
3,000
2,500
4,000

7,000
6,000

l504, 50

2,00

2,1400
5,000
1,000

109,000

5,500
300
500
700
100
300
300
300

1,000
4,ooo

3,500

1,000
1,000

50
1400
450
100
400

1,000
3,500
24,400



CONSTRUCTION ESTIMATE
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Acct.
No. Item and Description

312 Boiler Plant Equipment - Cont'd

Go Steam Cycle Equipment
No part of this system will be furnished by AEC

Material
Quantity Cost

DETAIL
Sheet No. 11 of 21

Erection
Labor

Total
Cost

Steam Generator Not Included
Deaerator 115,400 lbsAr @ 250 psia & hO10F 1 Unit
Deaerator Supports & Hangers 1 Set
Insulate Deaerator 4" 650 s.f.
Feedwater Heater 135,000 lbs/lw, 380 to 6000 F 1 Unit
Feedwater Heater Supports & Hangers 1 Set
Insulate Feedwater Heater 4" 200 s.f.
Sub-cooler 177,150 lbs/lr, 401 to 380 F 1 Unit
Sub-cooler Supports & Hangers 1 Set
Insulate Sub-cooler 4" 50 s.f.
Condenser 120,400 lbs/hr, L01 to 2350F @ 27 psia 1 Unit
Condenser Supports & Hangers 1 Set
Insulate Condenser 250 s.f.
Condensate Water Pump 250 gm @ 300 psi 60 hp motor 1 Unit
Concrete Foundation for Condensate Pump 1 Unit
Insulate Condensate Pump 50 s.f.
Boiler Feed Pump. 400 gpn, 250 to 2400 psi, 3800 F
a. Pump 400 gp 177,150 lbs/hr, 1 Unit
b. Gear Reducer 1 Unit
c. Fluid Coupling 1 Unit
d. 675 hp Drive 1 Unit
Concrete Foundation for B.F. Pump 5 c.y.
Desuperhste Incl. Temp. Controller o1 Unit
Insulate Desuperheater 1 Unit
Blowdown Tank 3'-6 D x 5'-0 C.S. 3/8 waUl. W. 1200 lbs. 1 Unit
Insulate Blowdown Tank 3" 75 s.f.
Cooling Tower Not Included

Total Steam Cycle Equipment

1.

2.

5.
6.
7.
8.
90

a 10,
134
12.
13.

15.
16.
17.

18.
19.
20,
210
22.
23.

9,200
300

2,500
22,000

300
800

2,00
300
200

16,000
300
900

4,000
100
200

40,00

10,000 ,
15,000
15,000

200

6,500
200
600
200

147,200

1,100
200
700

1,000
200
200
300
200
100

1,500
200
300
500
100
100

300
500
100
100
100

10,300
500

3,200
23,000

500
1,000
2,700

500
300

17,500
500

1,200
4,500

200
300

84,000

500
7,000

300
700
300

1, 800 159,000
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Acct.
No.
312

Item and Description

Boiler Plant Equipment - Cont 'd

Steam & Feedwater Piping & Valves

1. Steam Piping
a. Purchase 6" Chrome-Moly Pipe & Fittings 1" Wall 80 l.f.
b. Shop Fabrication of Chrome Mo Pipe
c. Purchase 8" & 14" Carbon Steel Pipe & Fittings 70 l.f.
d. Shop Fabrication of 8" & 14" Carbon Steel Pipe
e. Purchase 2" Carbon Steel Pipe & Fittings 100 l.f.
f. Field Fabricate 2" Pipe
g. Erection of Steam Piping 250 l.f.

2. Steam Control Valves Including Pressure Controllers
a. 6" Throttle Valves 135,000 lbs/hr, 2200 to 1600 psia
b. 8" Control Valve 177,150 lbs/hr, 1600 to 250 psia
c. 14" Control Valve 115,100 ilbs/hr, 250 to 27 psia

3. 6" Steam Flow Meter
4. Pipe Hangers & Supports for Steam Piping
5. Insulate Steam Piping & Valves 6"

6. Feedwater Piping
a. Purchase 4" & 6" Carbon Steel Pipe 310 l.f.
b. Purchase 4" & 6" Carbon Steel Fittings
c. Shop Fabrication of Pipe & Fittings
d, Erection of Feedwater Piping

7. Water Control Valves
a. 1" Control Valve 142,150 lbs/hr, 2100 to 1600 psia
b. 2" Control Valve 142,1100 lbs/br, 1600 to 275 psia
c. 1" Control Valve. Condensate Pump to Deaerator
d. 4" Isolation Valve. F.W. Heater to Steam Generator
e. 4" Dump Valve

8. 14" Water Flow Meter
9. Pipe Hangers & Supports for Water Piping
.0. Insulate Feedwater Piping & Valves 3"

Total Steam & Feedwater Piping & Valves

Material
Quantity Cost

H

6,000 lbs
6,000 lbs
2,600 lbs
2,600 lbs

700 lbs
700 lbs

9,300 lbs

2 Units
1 Unit
1 Unit
1 Unit
1 Set

1,200 s.f.

5,500 lbs
600 lbs

6,100 lbs
6,100 lbs

1 Unit
1 Unit
1 Unit
1 Unit
None
1 Unit
1 Set

1,100 s.f.

Erection
Labor

700
7,000

500
200
200
200

1,000
2,000

200
200
200
200

200
500

1,000

19,800

Total
Cost

6,000
5,500

700
600
300
700

8,000

10,500
2,200
2,00
1,700
4,000
9,000

1,500
600

2,500
6,000

1,600
1,600
2,200
3,200

1,000
2,500
4,000

78,300

6,000
5,500

700
600
300

1,000

10,000
2,000
2,200
1,500
3,000
7,000

1,500
600

2,500
500

1,1400
1,1400
2,000
3,000

800
2,000
3,000

58,500

1
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Acct.
Item and Description

Material
Quantity Cost

Erection Total
Labor Cost

312 Boiler Plant Equipment - Cont' d

I* Inert Gas Systems Equipment & Piping
1. Fresh Gas Purification Equipment for Argon Gas

a. Bottle Storage Racks & Manifold-
b. Pressure Regulating Equipment
c. NaK Bubbler
d. NaK Entrainment Trap & Back-Flow Trap
e. Interconnecting Piping & Valves
f. Insulate Equipment & Pipe
g. Induction Heating of Equipment & Pipe

2. Primary Sodium Circuit Cover Gas System-Argon
a, Piping & Valves Allow 200 ft 2" C.S. Pipe
b. Insulation
c. Induction Heating

3. Secondary Sodium Circuit Cover Gas System-Argon
a. Piping & Valves Allow 250 ft 2" C.S. Pipe
b. Insulation
c. Induction Heating

4. Nitrogen Supply for Na-Relief Separator
a. Bottle Rack & Manifold
b. Pressure Regulating Equipment
d. Piping & Valves Allow 200 ft 1" C.S. Pipe

Total Inert Gas Systems Equipment & Piping

1 Units
2 Units '

Allowances

Allowance\

J

Allowance}

None

13,400 5,400 18,800

N)
O
0

200
500

10,000

400

800

1,000

100

400

300
100

1,000)

600

1,200

1,500Q

100

600

500
600

11,000

10
1,000

2,000

2,500

200

1,000
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Item and Description
Material

Quantity Cost

312 Boiler Plant Equipment - Cont'd

J. Control Air Equipuezt
1. Control Air Compressor & After Cooler 1t0ocfm
2. Air Dryer & Filter
3. Air Receiver
1. Equipment Foundations & Supports

Total Control Air Equipment

K. Service Water Equipnent & Piping
Provides for Cooling Water to Condensers

Sub-cooler, E.M. Pumps & Miscellaneous
1. Pump 5000 gpm @ 20 psi, 75 hp Motor by others
2. Automatic Strainer - 16"
3. Piping Incl. Valve & Hangers within Building
I. Insulation - 2"

Total Service Water Equipment & Piping

L . Water Treating Equipment
1. Mixed Bed Filtration, Deineralization & Precooler

Equipment Including Interconnecting Piping
2. Foundations & Supports
3. Insulation

Not Included
1 Unit

1,1400 s.f.

Allowance
Allowance

17,500 6,000 23,500

Acct.
No.

Erection
Labor

Total
Cost

0
H

2,500
50014oo
100

3,500

500
200
100
200

1,000

500
3,000
1,500

5,000

5,000
500
500

3,000
700
500
300

4,500

7,500
12,000
3,500

23,000

20,000
1,000
2,500

7,000
9,000
2,000

18,000

15,000
500

2,000

Total Water Treating E quipment



CONSTRUCTION ESTIMATE
SODIUM COMPONENTS TEST FACILITY - AEC CONTRACT AT

Item and Description

(11-1) - 772

Material Erection
Quantity Cost Labor

DETAIL
Sheet No. 15 of 21

Total
Cost

312 Boiler Plant Equipment - Cont'd

M. G. Sets for E.M. Pump Control
4. (1. Sets for 3000 gpn Pumps - 650 Kw each
M. G. Set for hoo gpm Pump - 50 Kw Not Req'd
Concrete Foundations

Total M. G. Sets

Instrumentation & Control - Central Control Roam
Instrument Board
Control Console
Sensing Instruments - Temp. Pressure & Level
Signal Transmitting Instruments
Indicating & Recording Instruments
Instrument Tubing & Piping
Instrument Conduit & Wiring
Transient Control Study

Total Instrumentation Allowance 125,000 25,000

500
1,500

1,500
i,ooo

Total Systems Purging & Testing

Acct.
No.

M.
1.
2.
3.

N.
1.
2.
3.
4.

0 5.
R) 6.

7.
8.

2 Units
None
5 c.y.

68,000

200

68,200

4,000

300

4,300

72,000

500

72,500

0. Systems Purging & Testing Prior to Operation
1. Preliminary Operation of Mechanical Equipment
2. Gas Purging of Sodium Systems

150,000

2,000
2,500

2,000 2,500 4,500
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Item and Description Quantity
Material Erection

Cost Labor

312 Boiler Plant Equipment - Cont'd

Initial Operating Supplies Incl. Unloading
Fuel Oil #2
Sodium 10,000 gals approx. 200 drums
Inert Gas
Lubricants

Total Initial Operating Supplies

Q. Painting of Equipment & Piping

Not Included
78,000 lbs

Not Included
Not Included

Allowance
0

L~A)

TOTAL BOILER PLANT EQUIPMENT - ACCT. 312.

Acct.
No.

P.
1.
2.
3.
4.

Total
Cost

-s

15,600

15,600

2,000

1,,400

1,400

8,000

17,000

17,000

1,9149,300 281,700 1,431,000
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Acct. Material Erection Total
No. Item and Description QuantiVy Cost Labor Cost

315 Accessciy Electric Equipment

A. Auxiliary Power Equipnent & Wiring
Assumptions:

Plant Auxiliary Power Requirements 2600 Kw
Power Source Available at Property

Line 3 phase 2100 volt

1. Transformers
a. Auxiliary Power Transformer 2400/440
b. System Service Transformers 140/220-120

2. Switchgear
3. Motor Control Equipment

0 4. Power & Control Conduit & Cable Trays
- 5. Power & Control Cable

6. Grounding System
7. Switchboards, Electrical Instruments, Panels, Etc.

Total Auxiliary Power Equipment & Wiring Allowance 100,000 50,000 x,50, 000
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Item and Description

DETAIL
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Material Erection
Quantity Cost Labor

Total
Cost

316 Miscellaneous Power Plant EiMent
1. C m'uncations System (Interco n

2. Signal & Alarm System - Part of Control System
3. Public Address System
1. Power Operated Hoists - 5 ton Motor Operated
5. Hand Operated Hoists
6. Crawler Crane
7. Station Air Equipment & Piping
8. Machine Shop Equipment
9. Station Maintenance Equipment

10. Shop & Storeroom, Small Tools Incl. Bins & Shelving
11. Drinking Water System
12. Lockers & Change Room Equipment (12 men)

0 13. Office Furniture & Equipment
149 First Aid Equipment
15. Transportation Equipment

Total Miscellaneous Power Plant Equipment Acct. 316

None
2 Units

Allowance
Not Included

None
None
None

Allowance
None

Allowance
Allowance
Allowance

None

TOTAL PLANT DIRECT CONSTRUCTING COST

Acct.
No.

900

3,000
1,000

1,000

2, 300
2,000
1,000

11,200

6oo

500

500

200

1,800

1,500

3,500
1,000

1,500

2,500
2,000
1,000

13,000

1,.v6,800 469,200 1,916,000



CONSTRUCTION ESTIMATE
SODIUM COMPONENTS TEST FACILITY - AEC CONTRACT AT (11-1) - 772

Item and Description

380 Builders Supervision, General Items & Fee
1. Job Supervision & Watchman Service
2. Job Office Expense Incl. Expense Accts,

Temporary Job Buildings
Temporary Protection
Temporary Light & Power Installations
Temporary Air, Water & Steam Lines
Temporary Heat & Cold Weather Protection
Temporary Roads, Walks & Parking Lot
Temporary Railroad Siding
Rental & Purchase of Construction Equip. & Tools
Worluens Compensation, P. L. and P. D. Insurance
Social Security & Unemployment Taxes
Fringe Labor Benefits
Builders Home Office Expense
Builders Fee
Workmens Transportation & Subsistence

RETAIL
Sheet No. 19 of 21

Material Erection
Quantity Cost Labor

% of D. Labor

1.5
3.0

12.0)

7.5

9.8J

7.5

Not Included

Total Builders Supervision, General Items & Fee

381 Architect-Engineer Services
1. Engineering & Design Expense
2. Drafting Expense
3. Purchasing Expense
h. Field Expense

7, 00
6,000

25,000

30,000
146,000

35,000
47,000

196,000

10,000

9,000

30,0001

5,000

-

- &oo

Total Architect Engineer Services

Acct.
No,*.

3.
4"
5.
6.
7.
8.
9.

10.
11.

rv 12.
g 13.

14.
15.
16.

Total
Cost

o,ooo
7,000

]5,000

55,000

35,000
46,000

35,000
147,000

280,000

200, 000Allow 200,000



CONSTRUCTION ESTIMATE
SODIUM COMPONENTS TEST FACILITY - AEC CONTRACT AT (11-1) - 772

Item and Description

Alternate #1. If erection of one (1) Steam Generator
and one (1) Intermediate Heat Exchanger is included,
add the following

312 Boiler Plant Equipment
D. Intermediate Heat Exchanger. Assume delivered as an

Assembled Unit
1. Unload & Prepare for Erection
2. Erect & Set in Position
3. Weld Sodium Pipe Connections. 81" Welds. No Stress Relief
1. Weld Inert Gas & Instruments Connections
5. Thermal Insulation - 6"
6. Electrical Strip Heaters

15 ton
15 ton

4 Units
Allow
500 s.f.
500 s.f.

Steam Generator. Assume Delivered in Three Parts
Unload & Prepare for Erection 25 ton
Erect & Set in Position 25 ton
Seal Weld Shell Joints. - None - Bolted Flange None
Weld Sodium Pipe Connections. 8" Welds. No Stress Relief 5 Units
Weld Sodium Vapor Relief Pipe Connection 16" Weld 1 Unit
Weld Steam Connection. 6" Weld. Stainless to Chrome-Moly 1 Unit
Weld Feedwater Connection. 14" Weld. Stainless to Carbon Steel 1 Unit
Weld Inert Gas, Instrument & Relief Valve Connections Allow
Thermal Insulation - 6" 1,250 s.f.
Electrical Strip Heaters 1,250 s.f.

Total Direct Cost
380 Builders Supervision, General Items & Fee
381 Architect-Engineer Services

Total Estimated Construction Cost (1959 Price Base)

IETAIL
Sheet No. 20 of 21

Material Erection Total
Cost Labor Cost

300
200
100

3,200
700

500

200
100
100

w 
M

100
7,000
2,000

14,500
3,500
2,000

20,000

500
1,200
1,000

800
1,800

700
2,500

1,300
14oo

300
200
1400

2,000
14,000

1,500

19,000

500
1,500
1,200

500
b,, 000
2,500

700
3,000

1,500
500

200
500

9,000
6,000

32,ooo
5,000
2,000

39,ooo

Acct.
No.

N)
0

E.
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
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Item and Description

Alternate #2. If construction of two additional cells
is to be included, add the following

311. Structures & Improvements
B. Main d Structure

1. excavation & Rack Fill

2. Foundation Concrete Work
3e Cement Finish Floor4. Concrete Isolation Walls
5. Structural Steel
6. Floor Grating
7" Pipe Railing
8. Steel Stairs
9. tMiscelaneous Iron

, 10. Steel Sash Glazed
U. Rolling Steel Doors
12. Metal Doors & Frames
13. Corrugated Asbestos Siding14. Roof Deck - 2" Precast Roof Slabs
15. Roofing
16. Flashing & Sheet Metal Work
17. Painting
18. Floor Drains Incl. Piping
19. Heating & Ventilating
20. Lighting & Service Wiring

Total Direct Cost

380 Builders Supervision, General Items & Fee
381 Architect - Engineer Services

Total Estimated Construction Cost (1959 Price Base)

160
70

1,260
220
80

1,300
125

Allow 150
Allow 2

300
230
60

6,700
1,400
1,4oo

c.y.
c.y.
s.f.
c.y,
ton
s.f.
1.f.
l.f.
ton
s.f.
s.f.
s.f.
s.f.
s.f.
s.f.

Allow
Allow

4 Units
Allow

2,500 s.f.

Acct.
No. Quantity

Material
Cost

Erection
Labor

Total
Cost

200
2,500

100
10,000
20,500
3,200

boo
1,200

800
400

1,800
400

3,200
700
700
200
400
600

1,200
2,500

51,000
10,000

6,000
67,000

500
3,500

boo
21,000
7,500
1,300

200
800
00
200
h00
100

2,000
00
1000

100
1,600

00
800

1,000

43,000

5,000

4L8,000

700
6,000

500
31,000
28,000
4,500
600

2,000
1,200

600
2,200

500
5,200
1,100
1,100

300
2,000
1,000
2,000
3,500

914000
15,000
6,000

11,000
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