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1. Introduction

The Atomic Energy Commussion’s program on the
application of nuclear energy to desalting and other
energy-intensive processes has the following objectives
(1) to define and explore potential applications of
nuclear energy to processes and services which may
have significant potential for economuc, social, or
environmental improvements and (2) to cooperate with
mndustry and other government agencies in developing
the technology needed to implement the above applica-
tions of nuclear energy Most of the AEC program 1s
carried out at ORNL, where closely related work 1s
supported by the Office of Saline Water (OSW) and by
the Department of Housing and Urban Development
(HUD), these related projects are done under an
interagency agreement with the AEC The OSW sup-
ports research and development related to desalting
process technology, HUD has sponsored studies of the
use of reject heat from nuclear power plants to alleviate
urban problems

Elements of the AEC program on nuclear desalting
and other process applications are shown m Fig 1
There are two major divisions of the program nuclear
desalting and nuclear energy centers

In the field of nuclear desalting, one important
function of the program 1s to make available to
industry, government agencies, and potential desalting
plant owners the results of studies as well as generally
useful data and techmques that will allow independent
evaluations of desalting plant designs and applications
This 1s accomphshed through (1) development and
documentation of general-purpose computer programs
for investigating the design, operation, and economics
of nuclear power-desalting plants, (2) parametric studies
to permut systematic compansons of methods of pro-
ducing power and water using alternative heat sources,
evaporators, and couphng systems, (3) conceptual
studies of new concepts that may be attractive 1n
satisfying future water and energy requirements, and
(4) studies and experimental ivestigations of the
practical control and couphng problems related to the

design and operation of dual-purpose plants using
light-water reactors

The operation of the Nuclear Desalination Informa-
tion Center (NDIC) aids the work on all aspects of
desalting Rapid growth of the body of published
mnformation on desalting makes the services of the
Center especially valuable to engineers and others who
are hard pressed for time to keep abreast of current
developments 1n the field

The same advantages that make nuclear energy
attractive for desalting extend to other processes and
operations which benefit from low-cost heat and
electncity In particular, the nuclear energy complex, a
concept developed at ORNL, has been found to be
potentially useful in many parts of the world Studies at
ORNL on the nuclear-powered agro-mdustrial complex
began 1n 1967 with an intensive multidisciphnary
“summer” study The principal question posed for this

ORNL DWG 71 2314

PROGRAM ON NUCLEAR
DESALTING AND OTHER PROCESS APPLICATIONS

NUCLEAR DESALTING

[ NUCLEAR ENERGY CENTERS
NUCLEAR DESALTING

[~ | INFORMATION CENTER

DUAL PURPOSE PLANT
CONTROL STUDIES

NUCLEAR DESALTING PLANT
COUPLING STUDIES

—{iPPLICATIONS STUDIES ]

——{ETING AND SPECIAL PROBLEMS l

INDUSTRIAL AND AGRICULTURAL
PRODUCTS AND PROCESSES

EVALUATION OF ENERGY
CENTER APPLICATIONS

Fig. 1. Elements of program.



study was: How and to what extent could the low-cost
energy anticipated from nuclear reactors be used
effectively to increase both industrial and agricultural
production, with particular attention being given to
applications in developing countries? This study pro-
vided detailed data and the basic methodology for
evaluating the costs and benefits of agro-industrial
complexes under differing assumptions for location,
level of technology, and economic parameters. Work
since the initial study has included evaluations of many

energy-consuming industrial processes that are suitable
for nuclear energy complexes, studies of crops and
farming techniques applicable to complexes, and evalua-
tions of specific applications of agro-industrial com-
plexes in both developed and developing countries.

This report summarizes ORNL’s work in the above
areas for the period from November 1, 1969, through
October 31, 1970. More complete information can be
found in the technical publications listed at the end of
this report.




2. Highlights of Progress

2.1 NUCLEAR DESALTING

A preliminary study was made of a new concept for a
dual-purpose plant which combines a conventional
nuclear power plant and a single-effect vertical-tube
evaporator The evaporator operates on very low-
temperature (~109°F) turbine exhaust steam. The
concept looks very promusing for desalting applications
m which a low water-to-power ratio 1s acceptable (e.g.,
muntcipal water supply).

A comparative study of alternate water-only desalting
plants was completed. The study was based on the use
of pressunized-water reactors as a heat source, both
power reactors and low-temperature process heat reac-
tors were considered From the study of several
combinations of plants and cycles, 1t was concluded
that a power reactor coupled with a hybnid desalting
plant consisting of a vapor compressor and a vertical-
tube evaporator was the clear choice for large water-
only plants

An mvestigation of alternative coupling arrangements
for a nuclear dual-purpose demonstration plant was
mitiated A reference coupling arrangement was devel-
oped which seems to meet most of the coupling cniteria
for a demonstration plant Further work will be
required, however, to refine the system and to get a
better understanding of the flexsbility and dynamucs
charactenstics

Investigations of the problems of controlling large
nuclear desalting plants have continued to concentrate
on multistage flash (MSF) evaporator dynamics Experi-
ments were run on a test evaporator to deternune the
stage thermal and hydraulic operational charactenstics
for various design features Further studies using these
data were made to predict overall plant behawvior,
controllability, and stabiity characteristics These
studies made use of the ORNL digital simulator, which
calculates the nonlinear time response behavior of large
MSF plants This simulator has been found to be

extremely useful, not only 1n plant design studies but in
planning expenimental programs. Work was begun on
extending the simulator to include the turbine-
generator and reactor plant behavior

2.2 NUCLEAR ENERGY COMPLEXES

While most processes that have been considered in
nuclear energy center studies are electricity-intensive,
mdustries that consume large quantities of steam would
realize sizable advantages by being part of a nuclear-
powered 1ndustnial complex An analysis of steam use
by the main categories of United States industries was
mitiated.

A reanalysis of the basic assumptions used n past
studies of the economic viability of using desalted water
for agriculture was completed The main conclusion of
this analysis 1s that the cost of desalted water 1s unlikely
to become low enough for general agriculture using
conventional farmung methods, but the use of desalted
water i advanced agriculture, such as that envisioned
for agro-ndustrial complexes, appears very promusing.
The key to the successful use of desalted water on a
large scale 1s the improvement in water use efficiency
Sufficient improvements have been demonstrated on a
pilot scale, and 1t seems only a matter of time until
advancements in agriculture will make desalted water
economucally feasible for irrigation

Relative to the application of nuclear energy centers,
ORNL provided information and technical assistance to
the team from the Indian Atomc Energy Agency which
1s studying applications of agro-industrial complexes in
India. Simular assistance was given on a study of an
energy center for Puerto Rico which was sponsored by
various agenctes of the United States and Puerto Rican
governments The ORNL study of large water-pro-
ducing energy centers for areas of the Middle East was
essentially completed



3. Summaries of Work Completed and in Progress

3.1 NUCLEAR DESALTING PLANT
COUPLING STUDIES

Dual-Purpose Plant with Single-Effect
Vertical-Tube Still

Preliminary evaluation of vertical-tube still. The pro-
posed dual-purpose plant combines a conventional
nuclear power plant with a single-effect vertical-tube
still (VTS) which operates on very low-temperature
(~109°F) turbine exhaust steam. A detailed examina-
tion of this concept may be found in ORNL-TM-2964."

The reasonming behind the proposal for a single-effect
plant stems from the relationship between heat cost and
temperature for a dual-purpose plant For a nuclear
electric power plant operating at a condensing pressure
of, for example, 1.5 in. Hg (92°F), the value of exhaust
steam 1s defined as zero As the turbine exhaust
temperature 1s increased, the exhaust steam becomes
more useful, but the turbine cycle becomes less
effictent The nuclear steam supply must, therefore,
provide more thermal energy to mamtain the same
electrical output. The incremental cost of producing
this additional energy, expressed in terms of cost per
unit of exhaust heat, 1s 1llustrated 1n Fig. 2, this figure 1s
based on an investor-owned hight-water reactor with a
net production of 1000 MW(e) and enough exhaust
steam for about 20 mullion gallons of water per day
Although the cost of exhaust steam increases with
temperature, the number of times the heat can be
reused to evaporate water also increases with tempera-
ture (see Fig. 2).

The net result in terms of the contribution of heat
cost to water cost 1s illustrated in Fig. 3. It will be
noted that at relatively hugh temperature (>160°F) the
heat cost contribution decreases with increasing tem-
perature This well-known phenomenon accounts for
the general interest in high-temperature multieffect and

1 J E. Jones, Jr., and T. D. Anderson, 4 Proposed
Dual Purpose Nuclear Desalting Plant Using Single-Effect Distil-
lation, ORNL-TM-2964 (May 1970).
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multistage evaporators However, 1t has not been
recognized previously that at low temperatures the heat
cost contribution decreases with decreasing tempera-
tures (see Fig 3) It 1s this property which provided the
mtial incentive to examine the dual-purpose plant with
a single-effect evaporator There are, however, several
other technical and economic advantages of the low
temperature single-effect plant These include (1) the
possibility of using low-cost matenals of construction
such as alumunum tubes and concrete shells, (2) the
elimination of seawater acid feed treatment, and (3) the
simphfication of coupling and control systems

A simplified sketch of the dual-purpose plant using
the VTS 1s shown 1in Fig 4 Basically, the arrangement
1s a conventional nuclear power plant with one vertical
tube evaporator effect placed between the turbine
exhaust and the condenser

From the standpoint of cost, the VTS system looks
very promusing It 1s estimated that a dual plant
producing 20 Mgd of water and 1000 MW(e) (net) of
electricity would have a water production cost about
38% less with the VTS than with the next best
alternative evaporator — a high-temperature VTE-MSF
plant The cost savings result from (1) lower heat cost,
(2) elimination of feedwater treatment, (3) reduced

pumping power, and (4) the use of aluminum tubes and
a concrete shell in the low-temperature VTS

Several techmical and operational problems normally
associated with dual-purpose plants appear to be alle-
viated by the VTS In the area of environmental
pollution, the VTS effluent contains no added chem
cals, no copper 1ons, and less heat than a stmilarly sized
high-temperature plant Stability and control problems
are substantially diminmished with the use of only one
effect and elimination of the flash feed heater Interface
components, especially turbines and demineralizers,
required are of the type normally used in power only
stations Because of the low pressure differential (1 m
Hg) between the exhaust steam and the brine, potential
leakage between these streams should not be as serious
a problem as with high-temperature evaporators

From this preliminary evaluation of the VTS, 1t 1s
concluded that the concept has potential technical and
economic advantages relative to high-temperature evap-
orators Although limited m apphcation to developed
regions because of the high power-to water ratio (50
MW(e)/Mgd), such regions (in the U S ) are among the
ones for which additional water supphes are needed

Study of optimum exhaust pressure In the prehm
nary evaluation described above, the turbine exhaust
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pressure (2.5 in. Hg) was selected more or less intui-
tively. Since this choice may have a very sigmificant
effect on the economics of the evaporator, a study® was
made to evaluate the effect of exhaust pressure on the
plant economucs.

The design of a dual-purpose power desalting plant
involves a compromuse between electrical capacity and
capital costs. This compromuse was investigated for the
spectfic case of an electrical plant of about 1000 MW(e)
capacity and a single-effect vertical-tube still of about
20 Mgd capacity. As the turbine exhaust pressure 1s
increased, the electrical capacity decreases, however,
the heat transfer area required in the evaporator also
decreases, resulting 1n a lower capital cost. The choice
of the optimum exhaust pressure may be made in the
following manner.

Define Y to be the total economic effect (in dollars)
of a change from the reference condition Then

Y= [P(Tg) ~Pol V — [A(Tg) ~ 4,15 +C,

where T, 1s the temperature measured from the
reference value, P(Tp) 1s the generator capacity at
temperature Ty, P, 1s the reference generator capacity,
V 1s the value of a kilowatt of capacity, A(T) 1s the
evaporator heat transfer area at temperature T, A, 18
the heat transfer area required at the reference condi-
tion, S 1s the evaporator cost expressed in terms of
dollars per square foot of heat transfer area, and C 1s
the difference 1 turbine cost between a given turbine
and the reference. If we take the temperature derivative
of Y and set 1t equal to zero we get

2 F. G. Welfare, The Optimum Turbine Exhaust Pressure for
Use of a Single-Effect, Vertical-Tube Still Desalting Plant with a
Steam Turbine Generator, ORNL-TM-3291 (February 1971).

Sa
(TR)Opt = ——W(TR + 15.49)

1/2
__sprm) | o
UV dP(Tg)/dT g
where o = 3413 Btu hr™! kW™, U s the coefficient of
heat transfer, and D(Tg) 1s the thermal capacity
required 1n the evaporator at temperature T, If S and
V are allowed to vary as parameters, the equation may
be solved by iterative techmiques for the optimum
temperature The optimum pressure and the economc
effects can then be obtained. A small portion of the
results obtamned are shown in Table 1 to illustrate the
information this procedure can generate. These results
show a possible saving of up to $1.2 mulhon, which
demonstrates that such optimuizations are worth while
Other turbine-generator combinations covered in the
study show even higher potential savings, ranging up to
$2 5 million

Steam Cycle Efficiency for Dual-Purpose Plants

Dunng this reporting period the report Steam Tur-
bine-Generator Cycle Efficiency for Desalting Applica-
tions® was completed The previous annual report®
provides some description of the study as it was being
conducted Brefly, the report provides tables and
graphs for rapid estimation of turbine cycle efficiency,
heat rate, feedwater pumping power, throttle steam

3. L. C. Fuller, Steam Turbine-Generator Cycle Efficiency for
Desalting Applications, ORNL-TM-2909 (July 1970)

4. Nuclear Desalination Program Annual Progress Report on
Actinities Sponsored by the Atonuc Energy Commussion for
Period Ending October 31, 1969, ORNL-4538 (May 1970)

Table 1. Optimization results for a 43-in. GE turbine

Value Cost of Optimum Optimum To‘ti:;lesz::;mg

of a heat transfer exhaust evaporator system change®
kilowatt surface ) pressure tempoerature (mullions of
(dollars) (dollars/ft*) (in. Hg) P dollass)

100 4 2.51 108 78

100 6 2.67 110.92 0.077

100 8 2.81 112.64 0.264

100 10 2.92 114.09 0.527

100 12 3.03 115.36 0.845

100 14 3.13 116.50 1.207

9The saving 1s for operation of the system at the optimum pressure as com-

pared with operation at 2 5 1n Hg



flow, exhaust steam flow, and exhaust enthalpy for
steam turbine-generator cycles.

In place of the usual detailed turbine cycle heat
balance calculations, the tables and graphs can be used
to make rapid determinations of performance data for
steam turbines i1n power-only applications or in dual-
purpose plants for desalting and power generation The
tables and charts cover throttle steam conditions for
saturation to 300°F of superheat and for 400 to 2400
psia pressure, with exhaust at 1.5 in. Hg (abs), 15 psia,
and 35 psia The report includes cycle descriptions,
flow diagrams, and the solution of a sample problem

MSF Flexibility Analysis

An 1nvestigation was made to determuine some of the
requirements for an MSF process control system which
would provide adequate brine level contro] with greater
flexibality It was found that for a given fixed interstage
ornfice configuration, with a given flow rate and vapor
pressure differential and a given condensing system,
there 1s only one temperature level at which this overall
system will operate with constant brine levels It
follows that 1f, for example, the heat input load 1s
changed, some other process parameter must be ad-
justed to rebalance the system at a different tempera-
ture level, or else the stage brine levels will vary. Any
imbalance of the plant parameters 1s reflected 1n a brine
level taper from stage to stage. This suggests a control
mechanism wherein nciptent brine level changes are
detected, and the output of the detector 1s used to
control a balancing variable. Since 1n a dual-purpose
plant the heat load can most hikely not be controlled,

the control of the recycle flow rate appears logical.
Other choices are, of course, possible.

There 1s experimental and analytical evidence that the
level taper control concept 1s workable. One instance
was the application of the system in a test by ORNL
personnel mn the OSW Baldwin-Lima-Hamulton three-
stage facihity at Wnightsville Beach, North Carolina.

A problem which might be encountered 1n level taper
control 1s “bowing” of the level profile Assuming that
the nomnal depth 1s controlled m a certain stage and
that the first stage depth is controlled at the nominal
value, the stages between mught experience excessive or
nsufficient depths. Computer studies have been made
to investigate this problem Figure 5 shows some results
of one such study which utilized the Oak Ridge Fixed
Geometry MSF Code (ORFIG). In this study stage,
brine levels were calculated for a wide range of
off-design operating conditions including recycle flow
rates of 08, 09, 1.1, and 12 times design, steam
temperatures (to the brine heater) 1n increments of 5°F
above and below design, and a range of steam flow
rates. Figure 5 shows stage brine level profiles for the
four off-design recycle flow rates and the combinations
of other varnables which gave the minimum variations
from the nomunal (design) 15-mn. depth. Stage depths
vary from 1.0 to 1.5 ft in most instances, and even the
extreme spread does not appear intolerable

These results are based on steady-state operating
conditions without consideration of possible dynamuc
effects A conventional plain (unbaffled) onfice flow
equation was used, with an assumed flow coefficient.
Nevertheless, 1t does indicate that there is at least a
theoretical possibility that MSF stage brine levels can be
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properly controlled over a moderate range of operating
conditions by properly adjusting external variables such
as brine recycle flow and steam flow and temperature.

Comparative Study of Water-Only Plants

A comparative study of alternative water-only desalt-
ing plants has been completed. The study was based on
the use of pressurized-water reactors as a heat source.
Both power and low-temperature process heat reactors
were constdered. Two levels of PWR technology were
considered as characterized by the type of fuel — oxide
or metal. The three basic alternative cycles are listed
below

Reactor Coupling
1 Power Pnime steam — attemperator — evaporator
2 Power Prime steam - vapor compressor — evaporator

3 Process heat Process steam — evaporator

Prelimtnary results for cases 1 and 3 of this study
were reported 1n the previous annual report along with
the range of parameters and cost basis. The analysis of
the vapor compressor case has since been completed.
Table 2 provides a comparison of unit water costs for
the alternative cases for the 250-Mgd plant. The larger
plants, of course, have a slightly lower unit water cost,
but the comparative results are simlar.

The vapor-compressor-topped vertical-tube evaporator
(VC-VTE) 1s significantly superior to the VTE or MSF
plants using a power reactor with a cost advantage of
10% or more. This advantage 1s noted whether the
financing 1s public or private and whether the fuel s
uranium metal or oxide. However, a comparison of the
VC-VTE with the VTE coupled to a process heat

reactor shows an advantage for the VC-VTE plant of
only 1.2 to 7.5%.

The actual advantage of the VC-VTE in this case may
be larger because of two factors which do not show up
n the summary table. First, the heat source for the
VC-VTE plant 1s only about 1200 MW(t), which 1s in
the size range where a fossil-fuel boiler would presuma-
bly be more economical Since our calculations con-
sidered only the PWR as a heat source, the prime steam
costs may be high for this case. Second, the thermal
heat exhausted from the VTE plant 1s approximately
70% more than that for the VC-VTE plant. Since the
cost of waste heat disposal has increased sharply in
many locations because of new regulations, the VTE
plant would incur a much larger penalty for waste heat
disposal than would the VC-VTE plant.

Although the apparent advantage of the VC-VTE
plant 1s shght, it appears nonetheless to be the clear
choice for large water-only plants.

Investigation of Coupling Arrangements for the
Nuclear Dual-Purpose Demonstration Plant

It 1s evident that one or more moderate-sized proto-
type or demonstration plants will need to be con-
structed and operated prior to full commercial intro-
duction of large dual-purpose desalting plants.

During this reporting period work was begun on
development of the coupiing and control characteristics
of an assumed dual-purpose demonstration plant. Heat
balances were made from numerous assumed turbine-
generator cycles. Most of the cycles analyzed took their
main characteristics from the TVA Sequoyah plant The
heat rates of the various cycles analyzed did not vary by
as much as 1%.

Figure 6 shows the cycle selected for further study. It
was assumed that the evaporator plant will operate on

Table 2. Summary of umit water cost for water-only plants

Unit water cost (cents/kgal)

Process heat reactor High-temperature reactor? Reactor Type of
fuel financing
Direct coupling, Direct coupling, Attemperator, Attemperator, Vapor compressor,
MSF VTE VTE MSF VTE
3163 25.99 27.19 32.89 24.18 U0, Pubhic
28.25 23.00 24.95 30.38 2273 U Public
48.68 39.78 41.70 50.67 37.38 UO, Private
4559 37.01 39.97 48.74 36.40 U Private

“The high-temperature reactors produce steam at conditions identical to present commercial PWR’s.
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260°F steamn from a back-pressure turbine. The balance
shown in Fig. 6 is for 50 Mgd with a performance ratio
of 13. The “power” turbine-generator (H-P and L-P
turbine sections on Fig. 6) was sized to provide the
maximum electrical output obtainable using the reactor
thermal power of Sequoyah and the requirement of 50
Mgd for the evaporator plant.

It is certainly desirable that the power portion of the
plant be capable of producing full electrical output
independent of the operating state of the evaporator. It
is also desirable that the evaporator be capable of
producing full design output independent of the operat-
ing state of the power turbine-generator. The changes
required to make this possible will be studied.

Certain of the cycles were analyzed by the use of the
ORCENT turbine-generator code. The cycle in Fig. 6,
with its division of flow to a back-pressure turbine and
a condensing turbine after the second stage reheater,
required an additional computer program, which was
used to arrive at the heat balance of Fig. 6.

The next step will be to look at the flexibility and
dynamics characteristics of the back-pressure tur-
bine/brine heater complex in more detail.

3.2 DUAL-PURPOSE PLANT CONTROL STUDIES
Introduction

Investigations of the problems of controlling large
nuclear desalting plants have continued to concentrate
on multistage flash (MSF) evaporator dynamics. Experi-
ments have been run on an OSW test evaporator to
determine the stage thermal and hydraulic operational
characteristics for various design features. Further
studies using these data have been made to predict
overall plant behavior, controllability, and stability
characteristics.

State of Technology

Experiments run on the Office of Saline Water/Bald-
win-Lima-Hamilton (OSW/BLH) Wrightsville Beach test
evaporator have produced sufficient data and have
yielded good correlations for describing the behavior of
MSF stages over limited ranges of operation for a few
simple stage designs. However, more data, covering the
entire flashing range and including various flash en-
hancer and baffle designs, need to be obtained and
analyzed. Similar experiments on the full-scale MSF
module at San Diego are also required to verify the
pilot data.

Analytical methods for describing the overall dynam-
ics and controllability of large MSF plant designs have
been developed further and applied to specific plants.
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The MSF digital simulator developed at ORNL provides
a convenient means of predicting MSF plant dynamics
for varieties of user-supplied models, parameters, and
plant design features.

Experimental Investigations of MSF Evaporator
Operating Characteristics and Dynamics

Trend tests. The derivation of empirical correlations
for describing stage nonequilibrium losses (A") and tray
brine hydraulic behavior is a crucial aspect of the
problem of predicting overall plant operating charac-
teristics. In both cases the behavior is very sensitive to
variations in several parameters; hence, when correla-
tions are derived, it is important that changes in
behavior are properly attributed to variations in each
parameter.

The idea of the “controlled trend” test method is to
first establish a given set of operating conditions and
then slowly vary one parameter while holding others
(where possible) constant. The response of the perti-
nent evaporator conditions is logged continuously,
resulting in a “curve” showing the change in behavior
with the varied parameter. The important features,
then, are:

1. Deviations in behavior are more apt to be properly
attributed to devigtions in a measured parameter,
rather than having to base the relationship on
differences between absolute measurements made on
different days, with perhaps other significant differ-
ences in conditions not apparent from the measure-
ments.

2. Data can be taken continuously, and hence much
more efficiently, since it is necessary for the test
stage, but not the entire plant, to be “settled out”
before recording data.

3. With a recorder available, the general characteristics
of the trends are readily apparent to the experi-
menter right on the spot, and he can usefully
exercise his judgment in controlling the experiments.

One of the built-in problems in the trend (or
steady-state) test method is that it is not possible to
vary just one input parameter at a time. In order to
develop a parametric expression for one aspect of stage
behavior (&', for example) it would be helpful to be
able to do this. However, the consideration of second-
ary parameter variations is done in the analysis, though
not in the execution phase of the experiment.

The additional instrumentation and control hardware
required for implementing trend tests on the BLH plant
was installed and checked out, and testing and analysis
procedures were developed and tried. Tests were run on



a 15-ft-long test stage in February 1970 and on a
7-ft-long stage in August 1970 While the February tests
were primarily “shakedown runs,” much useful mnfor-
mation was obtained which led to improved measure-
ment, data collecting, and experiment design techniques
applied to the later tests.

Accurate empirical correlations for both the A’
behavior and the interstage onfice flow relationships
were derived from the August test data Several special
techniques were required to obtain consistent, repro-
ducible data for the A’ correlations, including statistical
weighting of the temperature data containing sigmficant
temperature fluctuation “noise,” use of heat-balance-
dertved tray brine temperatures rather than direct brine
temperature measurements, and special in situ tempera-
ture probe cahbration technmiques Special tests were
also run to note the effects of varying antifoam and
acid concentrations and condenser venting rates on
stage performance.

An empirical correlation equation for A’ for the
plain-hole test stage, applicable over a wide range of
brine flow rates and levels and a brine temperature
range of 125 to 160°F, was derived which fits the data
to within O 25°F root mean square error. A" was found
to have a strong negative dependence on flashdown and
a posttive dependence on brine level The brine level
effect appeared to be both level- and temperature-
dependent, level changes being less effective at higher
temperatures and at higher absolute levels. An addi-
tional term was included to account for the effect of
the presence of acid.

A correlation equation of the same form, but with
dafferent coefficients, was also derived for the inlet
stage A', this one fitting the data to withun 0 2°F rms
error While the inlet stage 1s quite atypical, particularly
due to the brine flow entering from the side, the fact
that the form of the two equations is the same suggests
that this form might be applicable to A’ performance
for a wide class of stage geometnes.

The significant effects of brine level changes on A’
were also seen to be important to the hydraulic
behavior For example, as the level of a stage decreases,
its A" decreases Since a smaller A’ means the vapor
temperature 1s closer to the brine temperature (1 ¢,
hotter), the corresponding vapor pressure increases
This 1s 1n opposition to the inherent inventory control
mechamsm 1n open channel brine flow, where, for
example, a decrease 1n inventory (brine level) decreases
the static head in the stage and thus increases the nlet
flow and decreases the outlet flow Hence a positive
dependence of A’ on level results 1 a destabilizing
tendency and indicates that flash enhancer and baffle
designs which minimze this dependence would help to
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improve the hydraulic stability. Later tests run by BLH
on the 7-ft stage with several different flash enhancer
devices 1nstalled indicated just such desirable reductions
in the dependence of A on level A comparison made of
measured A’ values and those computed with the
empty-stage correlation equation showed little improve-
ment 1n low-brine-level A’ values but showed sigmficant
improvements at higher levels

An empuirical correlation equation for the test stage
inlet tray brine flow rate was derived which accounts
for most of the significant trends in the flow data taken
in the August tests, Data were taken during ten trend
tests 1n which brine flow rate was held constant and
other parameters (such as levels and flashdown) were
varied. These data showed that as the upstream level 1s
ncreased, the required total head increases markedly
and the relative effectiveness of the vapor pressure
difference decreases. An empairical flow equation based
on this observed behavior was made to fit the data from
the ten runs to within 2.7% rms error. Data fromall 17
sets of flow tests, including those m which the
recirculating flow was varied, were fitted to 3.2% rms
error

Figure 7 shows the charactenstics of the resulting
equation for particular orifice height (8.5 1n.), flow, and
level conditions The significant features of the curves
are the large positive slopes of the total head vs
upstream level curves, the fact that the slopes are
greater with higher flow rates, and that at higher levels,
the spread increases between the curves for the same
flow but with different level differences.

It may be seen that the normal flow stabilizing effect
in open channel flow relating the flow and levels 1s
substantially altered. For example, an increase in inlet
flow rate to stage 1 makes 1ts level, Ly, increase, thus
increasing the total head, AP, and causing the flow
rate out of stage 1 to increase accordingly. However,
the steeper the slopes of the total head vs L, curves, the
greater the increase in total head required to make the
proper adjustment in flow out. Thus steeper slopes
indicate a greater destabilizing tendency 1n the inherent
flow control mechamism, and the results show this
tendency to be more prevalent at the higher flows

The mcreased spread between the curves for L, — L,
=21 and L, — L, = -2 1n. at lugher brine levels
represents a stabilizing effect on the inherent flow
control (This can be seen by hypothesizing various
changes 1n operating points between the solid and
dashed curves )

From preliminary observations, 1t also appears that
the importance of downstream level, L, (relative to L,

and APvapor) 1s quite high over much of the operating
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Fig. 7. Baldwin-Lima-Hamilton 7-ft plain-hole test stage inlet orifice flow equation — total head vs upstream level for constant

flow and level differences.

range, which means that potentially serious overall
plant stability problems would be likely.

It may be noted that the particular stage design tested
(7 ft long with plain orifice) had quite poor operational
and efficiency characteristics and would clearly be
undesirable for use in a production plant. The correla-
tions and observations derived from the test data are
significant, however, in that they demonstrate the kinds
of problems which may be encountered in a well-
designed stage. The destabilizing tendencies of both the
A’ behavior with stage brine level and the inherent flow
control mechanism effects noted above are important
operational features which should be tested for any
seriously considered stage design.

Dynamics tests. A variety of dynamics tests were run,
including large-perturbation pulse-type inputs of recir-
culating brine flow rate and inlet temperature and
frequency response tests utilizing pseudorandom binary
sequence (PRBS) perturbations.

Analyses of the pulse tests have utilized the new
ORNL hybrid computer. Digitized temperature, flow,
and level data recorded on magnetic tape during the
tests are stored in the digital computer, and a model of
the evaporator dynamics is set up on the analog
computer. Input signal perturbations corresponding to
the measured test inputs are sent to the analog model,
and the measured test outputs are then compared with
the response of the analog model to these input signals.
The hybrid system is set up so that variations in the
model parameters are made to minimize the differences
between the predicted (model) response and the meas-
ured response. Parameter variations may be made
manually or automatically using a gradient search
algorithm. Visual monitoring of the convergence is
afforded by a large-screen oscilloscope, which shows the
individual time response signals and error signals, plus
typewriter printout of the statistical errors. The result-
ing optimized model information is to be used in



developing models for the overall plant dynamics
simulator

The PRBS test 1s an efficient method of obtaining a
wide spectrum of frequency response information,
which 1s useful 1in determuning the small-perturbation
(linear) dynamucs charactenstics of a stage A particular
type of PRBS signal known as the “n sequence” was
used 1n the latest tests The n sequence is an antisym-
metric test signal containing only odd harmonics and
has been shown to discriminate against system nonline-
anty effects, which would otherwise contaminate the
results PRBS tests were run using both brine heater
steam flow rate and brine recirculating flow perturba-
tions Analyses of the steam perturbation tests have
yielded 1interesting and useful information on stage
brine and vapor temperature dynamics Analysis of the
recirculating brine perturbation tests, however, has so
far failed to yield rational results, and further studies of
the data are being made.

Blowthrough tests. One group of experiments run in
August was designed to study fluid flow characterstics
of flashing brine during blowthrough conditions Blow-
through (or blowby) occurs when the upstream brine
level 1s less than the height of the orifice opening
between stages In this condition, vapor as well as brine
1s transported through the interstage orifice Of particu-
lar interest were the flow characteristics during the
transitions between normal flow, in which the orifice 1s
submerged, and the blowthrough state

Twelve definable separate instances of blowthrough
were recorded. These occurred at several different flow
rates, onfice heights, and system temperatures. The
transitions from normal flow to blowthrough were
induced several different ways by lowering the tray
brine levels, by raising the onfice height, by increasing
the seawater flow through the brine cooler, by increas-
img the steam flow to the bnne heater, and by
decreasing the recirculating brine flow rate through the
evaporator. In order to get out of blowthrough, the
above processes were reversed.

While the oniginal intent of the blowthrough tests was
just to obtain orifice flow correlations for the behavior
durning the transitions into and out of blowthrough, two
other interesting aspects of the blowthrough state were
noted. First, there was an apparent hysteresis effect
from a given set of operating conditions (flow, levels,
flashdowns, etc.) the plant would tend to slip easily
mto blowthrough, but to get the plant out of blow-
through, the operating conditions had to be altered
substantially beyond that pomnt from which blow-
through ongmally occurred. In other words, the plant
would tend to “lock m” on a blowthrough state,
mplying that the supercritical flow conditions charac-
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teristic of blowthrough yield a very stable mode of
operation. The second observation was that there were
very low values of A’ assoctated with the low brine
levels during blowthrough and that this increase 1n stage
efficiency tended to compensate for the reduced
efficiency due to the interstage vapor leakage. In fact,
over the limited temperature range of the tests
(130—160°F), the net efficiency was not perceptibly
reduced These observations imply that pursuit of the
idea of 1ntentional blowthrough, with additional
built-in means of reducing interstage vapor leakage, 1s
clearly worth while

Theoretical Studies of MSF Plant Dynamics

Several improvements were made to the MSF digital
simulator program, which 1s used to calculate nonlinear
time response behavior of large MSF plants A more
sophusticated model for the brine heater and the time
variations of salt concentrations in each stage are now
included.

The simulator was used to investigate the effects of
vartous changes 1n assumed models and parameters It
has thus been useful in planning the experimental
programs, 1ndicating those aspects of the stage models
to which overall plant dynamic behavior 1s particularly
sensitive.

Spectal modifications of the simulator were made to
include features peculiar to the nine-stage MSF module
in San Diego. The simulation is operational and can be
used to help plan proposed future module dynamics
tests. A special-purpose steady-state code was developed
for calculating module 1nitial conditions, whereas the
standard version of the code uses the output from a
stage-by-stage MSF design code

Work was also begun on extending the simulator to
include the turbine-generator and reactor plant be-
havior

Conclusions

Resolution of control and operational problems of
MSF piants 1s a requirement for the design of large-scale
plants, including large demonstration plants such as that
being jointly studied by the state of Califormia and
OSW. Further development of the MSF models and
extensions of the MSF simulator to include the rest of
the dual-purpose plant are also required.

Apphcation of MSF control technology to the com-
bined VTE-MSF (hybnd) plant designs 1s also antici-
pated While preliminary work was done on VTE
dynamics, with particular application to the VTE-X 1n
San Diego, this work 1s being conducted at a low level
since the MSF concept 1s of higher prionty.



3 3 NUCLEAR DESALTING APPLICATIONS
STUDIES

To ad in planning future directions for the AEC
program on the apphications of nuclear energy, studies
are being made to determine the kind of nuclear
desalting technology needed and to identify the timuing
and the role of such technology in meeting present and
future water needs A preliminary survey of Califorma’s
water resources 1s being undertaken as the first part of a
series of planned regional studies to identify the
conjunction of nuclear desalting technology and water
needs for the United States The water problems of
California are generally characterized by the following
situations

1 Most of the ram falls in the hugh mountain regions
of the northern and eastern portions of the state, but
greatest water needs are in the farmung and urban areas
of central and southern Cahiforma

2 Throughout the state 80 to 90% of the ranfall
occurs mn the winter months, from October through
March, whereas the periods of greatest water con-
sumption, especially for irrigation farming, occur during
the summer growing season

These situations require the construction of reservoirs
to catch water when 1t 1s available and hold 1t until 1t 1s
needed, plus conveyance facilities to transport water
from the reservours to the cities and the irmgated
farmung areas Far-reaching water resource development
projects have been undertaken in California by munici-
palities to obtain city water supplies, by the federal
government, and by the state

Table 3 summarizes information concerning major
conveyance facilities m Califorma but does not reflect
the thousands of mules of canals and distribution
channels prowvided by the local irrigation districts (1600
mles i the Imperial Valley alone)

The forecasts of water requirements for the state
depend most strongly on assumptions regarding popu-
lation growth and the increase in farm acreage under
ungation The gross irngable farming area in the state 1s
about 22 7 mullion acres, of which about 9 mullion now
recerve rrigation water If large quantities of water
could be made available at sufficiently low cost, the
urngation of additional acreage could utilize as much as
35 mullion acre-feet (MAF) per year, which 1s 50% more
than the entire state’s water usage 1n 1960 Studies by
the state of Califorma indicate that the state’s water
resources can provide an average of about 50 MAF/year
when fully developed Table 4 summarizes the water
requirements and sources of supply projected by the
State Department of Water Resources for the next 50
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years > The water projects presently authonzed by the
state and federal governments are expected to meet
most of the anticipated needs through 1990

Costs of water from various supply agencies are not
computed by standard methods and therefore are not
directly comparable Nevertheless, to obtain a measure
of water charges with which desalting would have to
compete, present water rates in Califormia have been
surveyed and methods of computing water costs re-
viewed

The availability of water has a great influence on the
value of land and property, especially in southern
Cahiforma, and it 18 a common practice for water
districts to impose an assessment on all property i the
district based on the valuation of the property The
very large Metropolitan Water District of Southern
Califorma (MWD), which supplies water to the coastal
regions from Ventura and Los Angeles to San Diego,
has a total valuation of $24 billion for property within
its service area and imposes an annual tax of 16¢ per
$100 of the valuation When a new area 1s admtted to
the District, a special additional tax 1s levied to cover
the privilege of receiving water from the system In
1969, MWD tax revenues were $47 mullion, while water
sales produced revenues of $40 mullion ©

Among the 109 wrmgation districts covered by the
State Controller’s Annual Report of Fiancual Trans-
actions Concerming Irnigation Districts of California,’
79 of the districts imposed property taxes at rates
ranging from 7¢ to $15 per $100 valuation, with the
average being $2 60 per $100 valuation However, land
valuations vary from $50 to $3000 per acre, also. For
these 109 irngation districts, tax levies yielded a
revenue of $14 mulhion, while water sales amounted to
$23 mullion

Water rates cover a simularly wide range and a varnety
of methods of charging for water, including flat-rate
charges on a per-acre basis regardless of the quantity of
water used, different per-acre charges based on the crop
being grown, and quantity usage charges ranging from
50¢ to $35 per acre-foot ® The rates charged by the

5 Implementation of the California Water Plan Bulletin No
160-66, State of Califorma, Department of Water Resources,
Sacramento, Calif , 1966

6 Thrty First Annual Report 1969 The Metropolitan Water
District of Southern California, Los Angeles, Calif , 1969

7 Houston I Flourmoy, Annual Report of Financial Trans
actions Concerning Irrigation Districts of Califorma, Calendar
Year 1966, State of Califormia, Office of the Controller,
Sacramento, Cahf, 1967

8 Summary of Water Rates 1960, Irmgation Districts Assocr
ation of Califorma, Sacramento, Calif , 1960



Table 3. Major water conveyance facilities in California

Responsible agency Length Capactty Construction Cost Type of Water
System at intake conveyance Dimensions motive
and area served (miles) penod (doltars)
(cfs) structure power
All Amernican Canal Bureau of Reclamation, 80 15,155 1934-1940 25,000,000 Open canal 230t 160b 20d°  Gravity
Impenal Valley
Coachella Canal Bureau of Reclamation, 124 2,500 19381948 Open canal 100t 60b 10d Gravity
Imperial Valley
Colorado River aqueduct Metropolitan Water District 242 1,605 1932-1940 209,900,043 Open canal Five pumping stations,
to Los Angeles of Southern California 1619 ft total hft
San Diego branch aqueducts Los Angeles—San Diego
Metropolitan Water District
1st barrel San Diego area 35 85 1945-1947 7,200,000  Closed conduit  4—6 ft diam Gravity
2nd barrel San Diego area 31 95 -1954 8,275,000  Closed conduit  4-6 ft diam Gravity
Second San Diego aqueduct Metropolitan Water District, 34 250 -1960 15,200,000  Closed conduit 6 ft diam Gravity
San Diego area and canal
Owens River—Los Angeles
aqueduct
1st barrel City of Los Angeles 176 440 -1913 25,000,000 Closed conduit Gravity
1st barrel extension to Mono Lake  City of Los Angeles 100 - 1940 22,500,000 Closed conduit Gravity
2nd barrel City of Los Angeles 176 210 -1970 Closed conduit Gravity
Hetch-Hetchy aqueduct City and county of 135 -1934 Closed conduit Gravity
enlargement San Francisco 455 -1970 Closed conduit Gravity
East Bay aqueduct East Bay Municipal 95
Utihity Dastrict
1st barrel Communities on the 170 -1929 29,000,000 Closed conduit Gravity
2nd barrel Oakland side of 70 -1944 12,000,000  Closed conduit Gravity
3rd barrel San Francisco Bay 260 —-1965 68,200,000 Closed conduit Gravity
Central Valley Project Bureau of Reclamation,
Central Valley
Delta-Mendota Canal West side of San Joaquin 115 4,600 1946-1951 63,700,000  Open canal 186t 100b 14d°  Pumped Lft,
Valley 197 ft
Friant-Kern Canal East side of San Joaquin 151 4,000 1945-1951 61,500,000 Open canal 74t 36b 15d Gravity
Valley
Madera Canal East side of San Joaquin 36 1,000 1940-1945 3,400,000 Open canal 46t 20b 9d Gravity
Valley
Contra Costa Canal Contra Costa county 48 350 1937-1948 15,600,000 Open canal 64t 24b 6d Four pumping plants,
127 ft total hft
Corning Canal West side of Sacramento 21 500 1954-1959 7,750,000 Open canal 50t 22b 7d Pumped Ift,
Valley 55 ft
Tehama-Colusa Canal West side of Sacramento 24 2,530 1965-1969 80,800,000 Open canal 72t 24b 16d Granity

Valley

ST



Table 3 (continued)

Capacity Type of Water
System Resp‘;)nsnble age:cy Ler:lgth at intake Construcdtlon dCI(:St conveyance Dimenstons motive
and area serve (muiles) (cfs) perno (dollars) structure power
Cabiforma Water Project, State of Califorma
Califorma aqueduct
Delta Penpheral Canal Sacramento River — 43 21,800 1971-1976 Open canal 400t 300b 30d Pumped lift,
San Joaquin River delta 13 ft
North Bay aqueduct San Francisco Bay area 28 117 Phase 1-1968 16,100,000b Pipeline and Two pumping plants,
canal 414 ft total hft
South Bay aqueduct San Francisco Bay area 51 363 -1968 47,500,000” Pipeline and Two pumping plants,
canal 583 ft total hft
Main Calhiforma aqueduct Delta to San Bernardino, 444 10,000 1964-1972 1,163,400,000" Open canal 238t 110b 33b Eight pumping plants,
Riverside, and San Diego 4132 ft total hft
Coastal branch San Luis Obispo and 100 450 -1980 67,600,000b Pipeline and Five pumping plants,
Santa Barbara canal 1756 ft total Lift
West branch Los Angeles 228 3,129 1967-1971 272,000,000b Pipeline and 30 ft diam Pumped hift,
canal 227 ft

%1 = top width of canal at water surface, ft, b = bottom width of canal, ft, d = normal depth of water, ft
bportion of total cost assigned to conveyance, excludes costs assigned to flood control, recreation, and other uses

91
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Table 4. Summary of Cahiforma water requirements and sources of supply”

1960 1990 2020
(actual) (estimated) (estimated)

x 10° x 10° x 103
Populatlonb 15,717 35,330 54,300
Urban land use, acres 2,068 4,240 5,960
Urban water use, acre-ft/year 3,257 8,480 14,000
Irrigable land, acres 22,550 20,770 19,140
Irngated land, acres 8,085 9,564 10,775
Agricultural water use, acre-ft/year 28,482 32,320 35,705
Total net water requirements, acre-ft/yearc 23,106 31,470 38,000
Needs met from local supphies, acre-ft/year 15,481 15,480 17,048d
Imported water supphes, acre-ft/year 7,625 15,990 18,147
Projected supplemental needs, acre-ft/year 2,8058

%From California Department of Water Resources Bulletin No 160-66, tef S
b1970 Census shows California population as 19,715,000

¢Allowing for some reuse

9Increase 1n 2020 reflects greater usage of underground water supplies

eSupplemental needs forecast for the following areas (acre-ft/year)

South coast, Los Angeles — San Diego

Central coast, San Francisco — Los Angeles

San Joaquin Valley, Central Portion
Southern end of Central Valley
Imperal Valley region

Total

Additional supplies for Impenal Valley,
1if water cost 1s low enough

California State Water Project are “wholesale” rates in
that they reflect the cost of water to the water
distribution agencies rather than to the ultimate users,
but these rates still may be the most meaningful for
companison with desalted water costs, because they
allow full recovery of capital, interest, and operating
costs 1n the price charged for water The Cahformia
Water Project rates include a delta water charge, which
covers the water storage reservoirs and other facilities
required to assure a dependable year-round supply of
water at the Sacramento—San Joaquin delta, where the
Califorma Aqueduct conveyance begins Additionally,
there 1s a proportionate-use capital charge for the
facilities mvolved 1n delivering water to each customer
Operating costs for the facilities involved in dehvering
water to users are also charged on a proportionate-use
basis Table 5 gives the average water rates for users in
major distribution areas, but 1t should be noted that in
actual practice a specific water charge 1s calculated for
each user > The rates apply to untreated water, as 1t 1s

1,540,000
490,000
300,000
300,000
175,000

2,805,000
2,700,000

pumped from the Sacramento Ruiver, with a total
dissolved solids content usually in the range of 150 to
300 ppm

The charges for water from present supply systems in
Cahforma, even those involving long-distance con-
veyance, are quite low, and there 1s no economuc
incentive to pursue desalting where present water
supplies are adequate However, there are areas where
addrtional needs cannot be met from presently available
water supplies and where desaiting plants might be
attractive There are desert and arid areas where the
water that 1s available locally requires desalting to be
acceptable for municipal or agricultural use

In the Imperial Valley and the San Joaquin Valley,
drainage tiles are laid under fields to prevent salt
accumulation of the soil The Imperial Valley drainage

9 The California State Water Project in 1970 Bulletin No
132-70, State of Cahforma, Department of Water Resources,
Sacramento, Calif , 1970
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Table 5. Average water charges to distrtbution agencies for Cahforma aqueduct water

Delta water Transportation Total charge for untreated water?
Distribution area charge charge
(dollars/acre-ft) (dollars/acre ft) (dollars/acre ft) (cents/1000 gal)
North Bay aqueduct area 10 10 20 65 3075 94
South Bay aqueduct area 1010 2245 3255 100
San Joaquin Valley area 10 10 1101 2111 65
Coastal branch service area 1010 70 36 80 46 2417
Southern Califorma area 1010 5019 6029 185

%These costs include amortization of facilities over a 50-year period and interest at a rate of 4 021%/year

flows into the Salton Sea, which has no outlet Salt
concentrations in the Salton Sea are now a little hugher
than seawater, and the lake, which has been stocked
with saltwater game fish, 1s an important tourist and
recreation attractton Continued increases in the salt
concentration of the Salton Sea would spoil the fishing
and recreational uses Salt removal from about 150,000
acre-ft/year would stabilize the lake at about seawater
concentration Since Colorado River water has a salt
concentration averaging about 1000 ppm when 1t comes
mto the Impenal Valley, the high-quality product water
from a desalting plant would be welcomed by munici-
palities, especially 1f the water cost 1s not too high

A separate agricultural drainage channel 1s being
constructed n the San Joaquin Valley to carry off the
leached salts from irngated fields so that they will not
contarmunate local or imported water supplies Desalting
of this water for reuse may become attractive at some
future date The drainage 1s expected to amount to
600,000 acre-ft/year, with a salt concentration of 2500
ppm

Geothermal brackish waters with temperatures
ranging from 400 to 700°F have been found at depths
of several thousand feet under the Imperial Valley and
i other places n Califorma These potential water
supplies are now being investigated If they prove to be
extensive, as some early estimates indicate, the hot
brackish water mught be suitable for very economical
desalting

On the Pacific coast from San Francisco southward,
local water supphies have been rather fully developed n
most areas, and obtaming sigmficant quantities of
additional water will probably necessitate development
of new sources from seawater desalting, waste water
reclamation and reuse, or additional ymports The US
Interior Department’s Office of Saline Water has en-
tered into contracts for the construction and operation
of test modules of large seawater desalting plants using

the multistage flash and the vertical-tube evaporation
processes The state of California 1s developing plans for
a prototype desalting plant for the southern Califorma
coast They intend to present a proposal for state and
federal support of a jointly sponsored desalting plant of
about 30 to 50 Mgd capacity, the size depending on the
supplemental water needs in the service area selected

The Colorado Ruver is the source of about three-
fourths of the water now used 1n the coastal and desert
regions of southern Califormia Present uses and planned
projects which depend on Colorado River water requure
more water than the average flow of the niver in dry
years The Mexican Water Treaty guarantees Mexico 1 5
MAF/year of water from the Colorado Ruver as a first
priority The 1964 Supreme Court decision on a suit
filed by the state of Anizona apportioned the first 7 5
MAF/year available in the Colorado Ruver flow as
follows Anzona 2 8, California 4 4, and Nevada 0 3,
with excess flows above 7 5 MAF/year divided 50-50
between Arizona and Cahiforma

Califorma’s usage of Colorado River water had in-
creased to 5 3 MAF/year during the 1960’s, so the state
has had to make arrangements to permt them to reduce
their usage of Colorado River water in years when the
nver’s total flow 1s low They plan to reduce the MWD
mmports through the Colorado Ruiver aqueduct from 1 2
MAF/year to 0 55 MAF/year by supplying additional
water from northern California and to reduce usage 1n
the Imperial Valley region by 03 MAF/year if low
flows 1n the Colorado Ruver make such a reduction
necessary To date, the lowest recorded Colorado River
flow was 5 6 MAF in 1934, although average flows are
usually in the range of 14 MAF/year

Evaporation losses in reservours and return flows from
upstream trrigation projects are causing the sahimty of
the Colorado Ruver water to increase The current salt
content 18 about 1000 ppm and has increased 30% n
the past 20 years Even with increasing use of under-



ground tile drains to pernut better flushing of salt from
the soil, Impernal Valley 1s experiencing decreases mn
crop yields and withdrawals of land from crop produc-
tion because of sahmity '° Desalting of the irrigation
drainage flows may become necessary all along the
Colorado Ruver system to keep salt out of the niver and
mmprove water quality Desalting of seawater at the
Colorado Ruver delta could provide water to replace the
Colorado River supply in that region, allowing more
Colorado Ruver water to be used upstream

The joint US —Mexico—International Atomuc Energy
Agency study'' forecasts a growing need for water in
the lower Colorado Ruver region and describes opportu-
nmties for the desalting of seawater to contribute
mmportant new water supplies to this arid region By
1980 supplemental water from a desalting plant will be
needed to meet anticipated demands, and by the year
2000 additional water needs are expected to exceed 7
MAF/year (6 4 bilhon gallons per day) The extent of
the water shortages of the region, the closeness of a
seawater supply, the concurrent needs for electric
power which would make a dual-purpose plant attract-
e, and the flexibihty of planning afforded by inter-
relationships between the Colorado River and other
sources of water in the region, all make the lower
Colorado Ruver region one i which there 1s a chal-
lenging opportumty for seawater desalting to provide
significant benefits in meeting water requirements

3 4 AGRO-INDUSTRIAL COMPLEX STUDIES
Process Steam Consumption

While most of the industry-related studies have been
concerned with power-intensive processes, 1t has been
recogmzed that industries which consume large quan-
tities of steam could probably realize sizable advantages
by being part of a nuclear-powered industrial complex
Indeed, this appears to be the case for the recently
completed study of an energy center for Puerto Rico
(see below) which would produce some 540 MW(e) and
5 X 10° 1b of steam per hour for use mn an adjacent
industrial complex

An analysis of steam use by the main industrial
categories for 1966 and projected to 1980 1s sum-
marized 1n Table 6 The chemical industry uses the

10 Ralph Dighton, “Water Salvaged a Desert, Salt May Kill
Its Bloom,” The Chattanooga Times Sunday, Jan 4, 1970

11 Nuclear Power and Water Desalting Plants for Southwest
Urited States and Northwest Mexico US Mexico-IAEA Re
port TID-24767, National Technical Information Service,
Springfield, Va 22151 (September 1968)
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greatest amount, 37% of the total steam used, and 1s
projected to ncrease 1ts consumption by 1980 by the
largest amount, 80% This steam use represents the
production of a wide varniety of chemicals Table 7 hists
chemicals which use a significant amount of steam,
~10% of the total industry usage, and shows a
breakdown of the steam pressures utihzed As indicated
1n this table, more than 80% of the steam consumed 1s
at a pressure below 200 psig

Agriculture

A reanalysis of the bastc assumptions used in past
studies of the economic viability of using desalted water
for agriculture has been completed The main conclu-
ston of this analysis may be stated as follows The
hikelihood that the cost of desalted water will become
low enough for use in conventional agriculture now
seems remote, while its use 1n unconventional agricul-
ture as envisioned n the food factory concept in an
agro-industrial complex appears promising

A review of the irmgation water balance from the
1967 study!? 1s shown 1n Fig 8, which indicates the
water use and the associated costs For example, a
1000-Mgd plant produces 10 mmllion acre-feet of
distilled water per year (at a 90% load factor) with a
capability of producing more than 1 1 mullion acre-feet,
thus losing about $11 mulhion per year in reduced sales,
of which $7 5 mullion represents a true loss {charges
against capital) These losses are based on a water value
of 30¢ per 1000 gallons (For a water value of 20¢ per
1000 gallons the losses and maximum allowable invest-
ments would essentially be two-thirds of the values
gtven ) By capitahizing this annual loss at 10%, investing
up to about $75 mullion to eliminate this loss would be
justified  Simularly, almost $35 muillion could be in-
vested to eliminate canal leakage losses, and up to $25
million could be invested to eliminate storage losses

The assumption of 80% irrigation efficiency 1n the
oniginal study implies a loss of nearly $19 million per
year and a justification for an expenditure of up to
$630 per acre to eliminate this loss Finally, the amount
of water productively used by the crops 1s only about
34% of the 1nstalled plant capacity, or about half of the
water applied to the land, and represents a loss of $38
mullion per year, or an equivalent capitalized investment
of $1260 per acre

Means of reducing the losses m some of these
categories appear possible, for example, switching from

12 Nuclear Energy Centers Industrial and Agro Industrial
Complexes ORNL-4290 (November 1968)
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Table 6. Summary of industrial steam consumption

1966 steam Percent Estimated 1980 Percent
Industry consumption of steam consumption Increase
(1b) total (ib) over 1966
x 101! x 101!
Chemucal 16 8 37 302 80
Petroleum 112 24 189 69
Paper 8.2 18 14.4 76
Food 61 13 85 39
Textile and rubber 35 8

Table 7. Estimate of steam consumption and pressure distribution for ten steam-significant chemicals in 1965—-66

Annual Unut Annual steam consumption (1019 Ib)
consumption steam
Chemical of chemical consumption 450-1000  200-450  100-200 <100 Total
(tons) (b per pound of chemical) psig psig psig psig
X 103
Alumina 5884 33 058 178 151 387
Aluminum sulfate 673 35 047 047
Ammonium nitrate 5637 28 316 316
Ethyl alcohol 1945 30 023 094 117
Formaldehyde 1857 22 041 041 082
Phosphoric acid 4548 078 018 053 071
Potassium chloride 4003 13 104 104
Sodium carbonate 5090 23 23 23
Sodium hydroxide 7616 29 442 442
Sodmum sulfate 1445 18 052 052
Total 058 271 977 542 18 48
Percent 3 15 53 29 100

a sprinkler irngation system to drip tubes or porous
underground tubes could approach a 100% irrigation
efficiency. Also, these systems, perhaps coupled with
the use of a reflective ground mulch, could eliminate
most of the nonproductive water evaporation losses.
Additional developmental work and economic analyses
are required, however, to venfy and optimize these
potential gains. It does appear that a 1000-Mgd desalt-
mg plant could serve a much larger irnigated farm than
was assumed for the 1967 study or a sizable reduction
in the amount of water required per crop can be
realized.

Figure 9 indicates the sort of yield increases that
result from increasing the atmospheric concentration of
CO, 1n a greenhouse. Rice yield 1s nearly doubled when
the level of CO, 1s increased from 300 to 2400 ppm,
while the yield of sorghum 1s increased by a factor of
3% . With several on-site by-product sources of CO,

available i an agro-industrial complex as shown in
Table 8 and making dual use of the water distribution
piping network also for CO, distribution, yield -
creases approaching those obtained in greenhouses may
be attainable This tabie shows a range of a factor of 5
in the CO, available from the electric-furnace phos-
phorus process. Actually, CO 1s the waste product, the
lower figure represents the amount of CO, available
merely by burning the CO 1n air, while the larger value
1s the amount available from burmng with surplus
oxygen from the electrolytic ammonia process and
using the heat produced to calcine hmestone to give
additional CO, plus CaO. The next largest source of
CO, 1s from wheat straw, being over 50 mullion cubic
feet per day.

Shown 1n Table 9 1s an estimate of the amount of
CO, which might be consumed by two typical crops
Comparing this usage with that potentially available, 1t
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Fig. 8. Imigation water balance from 1000-Mgd desalting
plant (water value = 30¢/1000 gal).
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Fig. 9. Effect of CO, concentration on yields of two grain
crops.

would appear that the crop requirements could be met
from on-site supplies of CO,, provided the efficiency of
application 1s high and the atmospheric mixing losses
are kept low

The importance of reducing nonproductive water
losses and achieving yield increases 1n relation to their
effect on the allowable water price 1s obvious Reducing
the water use by one-half 1s equivalent to doubling the
allowable cost for water to grow a crop, while doubling
the yield using the same quantity of water would
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Table 8. Carbon dioxide sources in an agro-industrial complex

CO, available Total CO,
from a
Source per unit of
rimary product typical
p complex
Industry
Electric furnace phosphorus 2 2 1b per Ib P 30 150
Aluminum smelting 1 51b per b Al 18
Seawater pretreatment
Acid (decompose HCO3) 04 1b per 1000 gal 8
Farm
Wheat straw 15 Ib per Ib straw 54
110-230
Table 9. Carbon dioxide consumption in an
agro-industrial complex
Requirement
c Peak consumption for
rop (ft3 acre ™! hr™1) 300,000 acres
(ft3/day)
Rice 800 51 % 10°
Corn 1600 102 % 10°

permut the cost for water to increase by a factor of
nearly 4 If the investment 1s increased by 50% to allow
for CO, cleanup and the ligher cost distribution
system, the allowable increase in the cost of water for
the latter case would be a factor of about 3

There are further possibilities foreseen to improve the
overall economics of the food factory approach using
desalted water Genetic development and production
optimization of tropical crops appear to provide yield
gains simlar to those obtaned through intensive re-
search on wheat and rice Growing high-value seed crops
would seem to fit into the intensive management
concept 1mphed for an agro-industrial complex With
year-round growing climates 1t should be possible to
exploit the ratooning characteristic of many plants, that
1s, obtaiming a second or thurd crop from a single
planting, thus reducing operating costs

Meeting of panel on irnigation water use efficiency
The nation’s leading experts in various aspects of
irnigation water use efficiency participated in a two-day
meeting at ORNL m July This meeting summarized the
current state of knowledge affecting water use effi-
ciency and discussed many aspects of the feasibility of
achieving greatly increased crop yields by applying all



the latest techniques. Reports on the status of current
research projects were discussed by the panel members
together with their comments on areas needing more
work. Very large gains in crop yields are being achieved
in many areas not normally considered arid by pro-
viding irrigation water as needed to maintain optimum
growth. Some progress has been made in developing
mathematical models which can be used to predict crop
yields under various conditions, but much more work is
needed to make this a generally useful tool. There was
considerable discussion of the relative amounts of water
lost from the soil surface.

Application Studies

India. Review of India study. Technical assistance to
the Indian Study Team on Nuclear-Powered Agro-
Industrial Complexes has continued. Their final report
was issued and has been reviewed. Two projects are
analyzed in this report: (1) an industrial complex with
agriculture based on the use of desalted water and
located in the Kutch-Saurashtra section of Gujarat and
(2) an industrial complex with agriculture based on
natural groundwater from some 25,000 tube wells and
located in the eastern part of Uttar Pradesh (U.P.).
Table 10 gives a summary comparison of the two
proposed projects. The U.P. tube well project provides
additional cereal grains sufficient to meet the food
needs of approximately a 3-year population increase for
the entire country or a 12-year increase for U.P. alone.
If some of the sugarcane acreage (20% of the total)
were used for food grains, a still greater impact would
be realized.

Although much of the data and methodology used in
the appraisal of the project was quite conservative, the
returns on investment are attractive. Two critical
assumptions, however, were made and appear to require
further attention: (1) a high load factor (two to four
times as large as the current average well operating
factors) for the operation of the tube wells and (2) use
of high-performance water electrolysis cells in the
ammonia plant.

Interim Power Study. A study of various methods of
providing an interim source of power for the proposed
tube well project in Uttar Pradesh was completed.
Inasmuch as the construction period for a nuclear
power generation station of the size contemplated is at
least five years, it appears that earlier benefits from
tube wells for irrigation could be obtained by providing
an interim power source which could be completed in a
shorter time period than the nuclear station.

Capital and operating cost information on various
means of supplying power for the tube wells was
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accumulated, and a model which will allow an eco-
nomic comparison of the cost of the various methods
was developed. Direct-drive engines of several types
were considered; light-duty air-cooled gasoline and
air-cooled diesel and heavy-duty water-cooled kerosene
and diesel engines were compared. Electric generating
sets included diesel-powered sets ranging from 550 to
4250 kW, gas turbines to 40 MW rating, and, for
comparative purposes, coal-fired steam plants of about
50 MW capacity at an assumed cost of $200 and $300
per kW(e) of capacity.

Several interesting observations were made, although
lack of detailed information from India prevented the
drawing of definite conclusions:

1. The very high cost of the transmission and
distribution system, approximately $3750 per well on
the average, gave a heavy bias toward use of direct-drive
engines in comparison with interim electric generating
sets. This was found to be true even though the model
for both cases ended with the transmission and distribu-
tion system built and in operation. The use of direct-
drive engines permitted construction of most of the
electric grid to be deferred for about four years, thus
leading to a reduction in the present worth of the costs.
In a more detailed analysis it is believed that this bias
would be offset by benefits in addition to those directly
resulting from supply of power for tube wells alone.

2. An analysis of costs by the Government of India
Working Group indicates that most farm products can
profitably be raised using tube well irrigation with
power costs as high as 6 to 7¢/kWhr and that some
crops would be profitable at a much higher cost. Power
costs for an interim power source are well below this
figure using either direct-drive engines or electric
generating sets, provided that fuel costs are not much
greater than the 20¢/gal for diesel oil or $10.00 per ton
for coal delivered, at railside, assumed for this prelimi-
nary analysis.

3. Details on the existing and projected power grid
and generating stations should be factored into the
analysis, as it is probable that the units provided for
interim power for the tube wells could be retained as
peaking or standby units complementary to the grid.
Such use would permit evaluation over a longer time
period than considered in the present analysis and thus
would lead to a reduction in estimated interim power
costs.

4. The use of coal-fired steam generating units for
interim power (and possibly for longer term use) seems
attractive, since coal is apparently much less expensive
than liquid fuel in this region. Furthermore, it would
appear that foreign exchange requirements would be



Table 10. Comparison of the proposed Indian agro-industrial complex projects

Kutch Saurashtra

UP tube wells

Item RO Investment Size RO Investment Size
(%) (dollars) (power required) (%) (dollars) (power required)
x 108 % 108
Power (two reactors) 53 363 5800 MW(t) [1200 MW(e)} 103 316 3800 MW(t) [1200 MW(e)]
Water
Desalted 6 78 180 Mgd or
0 166 X 109 acre-ft/year
Pumped 65 90 (elect distr)
158 (tube wells) 13 6 X 108 acre-ft/
year [300 MW(e)]
Industry 31 292 28 243
NH; 2200 tons/day [751 MW(e)] 1650 tons/day [558 MW(e)]
NH4NO3 3200 tons/day [19 MW(e)] 2400 tons/day [14 MW(e)]
P4 (P,05) (Note 04% of NH3 and 900 tons/day {264 MW(e)] (Note 89% ot N and 80% 688 tons/day [200 MW(e)]
1 2% of DAP consumed of P,O5 consumed within
within the project) the project)
DAP 2000 tons/day [~3 MW(e)} 1500 tons/day [~3 MW(e)]
Al (fab) 150 tons/day [125 MW(e)] 150 tons/day {125 MW(e)]
NaOH 150 tons/day {25 MW(e)]
NaCi 3300 tons/day
Agriculture 20 35 128° 511¢
(875/acre) (205/acre)
Acreage 40,000 acres 3,700,000 acres
[12 MW(e)}
Subtotal 768 (174) 1318 (295)
(foreign exchange)
Total 15 70
(including infrastructure) 879 1559

9Return on 1nvestment

BRased on total investment including tube wells and electric distribution system but not including crop storage (~$82 million)

“Mechanized farming, at 300% cropping intensity The cost per acre includes the cost of the electrical distribution system and the tube wells, without these costs, this
figure becomes $138 per acre

€C



much less for both the capital and the operating costs
of a coal-fired plant. Foreign exchange considerations
have not been factored into the present model, how-
ever, 1t 1s clear that a more detailed analysis should do
SO.

Puerto Rico Energy Center Study. Technical assist-
ance was provided for the study of applying the energy
center concept to the island of Puerto Rico Thus study
was jointly supported by the U.S. Federal Government
and the Commonwealth Government of Puerto Rico,
nvolving several departments of each. It was carried out
under a contract with Burns and Roe, Inc, and the
Dow Chemical Company and resulted in a proposed
complex of the following major elements:

Power and Water Production

Electrical power
Process steam

700 Mw(e)

400 psig — 400,000 Ib/hr
150 psig — 3,000,000 1b/hr
40 psig — 1,600,000 1b/hr
20 Mgd

Note On-site generation of steam and 540 MW(e) from a
2875-MW(e) reactor, estimated investment = $161 mallion

Desalted water

Industry Use of Power

Aluminum, 384 tons/day 223 MW(e)

Caustic/Cly, 1470 tons/day (Cly) 180 MW(e)

Refinery and petrochemicals, 113 MW(e)
60,000 Ib/day

Salt recovery, 2800 tons/day 16 MW(e)

Utilities and reverse allowance 182 4 MW(e)

Total mvestment including site, harbor, docks, etc = $476
million

Agriculture

A study of agricultural enterprises and the potential need and
economics of the use of desalted water for irrigation revealed a
need for general crop diversification and a conclusion that water
at 45¢ per 1000 gal was in most cases too expensive to use for
irrigation 1n Puerto Rico

The main conclusion drawn by Burns and Roe was
that this proposed energy center 1s economically viable
1n Puerto Rico, with the industry showing an acceptable
discounted cash flow of more than 15%.

Middle East. The Middle East Study Project, which 1s
being conducted at ORNL, was nitiated 1n response to
Senate Resolution 155. This resolution recommended
an examnation of the concept of large water-producing
energy centers in areas of the Middle East as a means
for providing (1) new jobs for refugees, (2) an increase
mn agricultural productivity of existing wastelands, (3) a
broad base for cooperation between Arab and Israeli
governments, and (4) a further demonstration of the
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United States efforts to find peaceful solutions to areas
of conflict. The study 1s near completion.

State of Texas. Technical assistance in the form of
supplying information on past studies 1n both reports
and personal meetings has been given to a study team
formed at Texas A&M Umnversity. This team 1s evaluat-
ing the Nuplex concept for possible application 1n the
state of Texas. It 1s anticipated that two to three years
will be needed to complete the project.

The Economic Impact of Energy Centers

As part of the advanced educational program in
cooperation with the University of Tennessee, a Ph.D.
dissertation on the economic impact of energy centers
was completed. An economic model was developed for
determining (1) an optimum combination of industrial
activities for a nuclear energy center as a function of
energy cost and (2) the economic impact of the center
on 1ts region. The model was derived from the coupling
of two research techniques, separable programming and
mput-output analysis, in a mutually consistent manner.
Separable programming (IBM MPS-90 system) was used
to optimze the mux of energy-intensive industries
proposed for an energy center; maximization of pre-
mium worth at a 10% mummum acceptable rate of
return was adopted as the optimization criterion. The
program used energy cost as a parameter in order to
study the variations 1n industrial activity and total
energy demand as a function of energy cost.

Results of the separable program served as the data
for an input-output program which examined the effect
of the center on its economic region in terms of
increases 1 gross product, employment, and capttal
demands. A feedback of information from the input-
output program permitted adjustment of the capital
and employment constraints 1n the separable program,
so that consistent relationships were maintained be-
tween the project demands and the resources of the
economy. Projection of the input-output data to show
the effects of an energy center over both short- and
long-term time periods was developed employing a
dynamic procedure which took into account the
changes in the final demands of the economy as a
function of the growth of gross product.

Puerto Rico was selected as a test region for this
model. Industnial activities considered for the energy
center included the production of elemental phos-
phorus, alummum, magnesium, chlorine, caustic, vinyl
chloride monomer, pig 1ron, steel, ammonia, and fresh
water (seawater desalting). The feasibility of installing
industrial activities at an energy center was established




by comparing mdividual processes with competitive
and, 1n some cases, non-power-intensive processes lo-
cated elsewhere 1n Puerto Rico or on the United States
mainland

One of the mteresting results of this study 1s
tlustrated in Fig 10, which indicates the elasticity of
demand for power as a function of 1ts cost

American Institute of Chemical Engineers Symposium

A two-session symposium on “Energy Centers” was
orgamzed for the American Institute of Chemucal
Engineers National Meeting 1n Atlanta, February
15—18, 1970 The following papers were presented

Part I. Large-Scale Desalting Technology
and Applications

J A Hunter, Chairman

Operating Experience with a Large Multistage Flash
Desalination Module, L T Taylor

Desalting Potential, Technology and Costs, H L Sturza
et al

Principal Factors Relative to the Selection of Single-
Purpose and Dual-Purpose Desalting Plants, W A
Homer et al

Use of Desalted Water in Agnculture, R P Hammond
Opportunities for Augmenting Water Supplies through
Desalting, J J O’Bnien
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Fig. 10. Effect of power cost on optimum energy center
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Part II. Nuclear Powered Agro-Industrial Complexes
J W Michel, Chairman

Projected Cost of Energy, J A Lane
Energy Intensive Industry, H E Goeller
Seawater Utilization 1n an Energy Center, W C Yee

The Energy Center Concept, J W Michel and J E
Mrochek

3 5 NUCLEAR DESALINATION INFORMATION
CENTER

Since 1966, the Nuclear Desalination Information
Center, under the sponsorship of the USAEC, has
collected and condensed information from the litera-
ture and has provided the means by which the scientist
in the field of nuclear desalination can readily 1dentify
and retrieve the information Publications from the
open literature, governmental agencies, and educational
mstitutions are scanned, and maternial pertinent to the
desalination program 1s selected by the Center The
material 1s reviewed, abstracted, and indexed on a
part-time basis by technical specialists on the Nuclear
Desalination Program staff Retrieval of information by
author, company, and key words 1s possible through the
use of a computerized storage and retrieval system

The Distillation Division of the OSW provides support
for a portion of the information activities concerned
with the distillation process

Publications

One new indexed bibliography!® (with abstracts) of
nuclear desahination literature was issued during the
year, and a second 1s 1n preparation These will bring
the total number of references in the Center’s storage
and retrieval system to about 1300 Another publica-
tion'* provides an alphabetical index by title, authors,
and company to all research and development progress
reports which have been 1ssued by the OSW Ths, of
course, covers a much wider area than nuclear desalina-
tion or the distillation process, since the OSW 1s
concerned with several methods for desalting The
index has been updated annually and used locally for
several years, but enthusiastic use by members of both
the Nuclear Desalination Program staff and the Water

13 K O Johnsson [ndexed Bibliography of Nuclear Desali
nation Literature — 5, ORNL NDIC-7 (September 1970)

14 K O Johnsson, Title Author Company Index to Reports
Published by the US Department of the Interior Office of
Saline Water ORNL-NDIC-8 (November 1970)



Research Program staff indicates that it should have
wider distribution.

The versatility of the computer system for specalized
bibliographies was shown by a report!® prepared at the
request of the OSW. For this report the entire master
file of the Center was scanned for abstracts of U.S.
patents pertaining to the distillation of seawater. These
abstracts were then printed as a separate listing along
with author and key-word indexes. A revision of this
interim report will be made when additional patents (as
suggested by industrial organizations which received the
interim report) have been abstracted and added to the
storage system.

15. K. O. Johnsson, U.S. Patent Abstracts and Indexes
Covering the Technology of Distillation Processes for Saline
Water Conversion (Interim Report), ORNL-TM-2841 (March
1970).
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Requests for Information

Members of the Nuclear Desalination Program staff
are informed of new articles in their area of investiga-
tion which they may have overlooked. This is done on
an individual basis as well as by circulating lists of
reports received by the Center. Other services provided
include the preparation of specialized lists or literature
searches of the computer storage system as needed by
staff members to aid in their study of specific problems.
Requests from outside ORNL, by letter and by tele-
phone, continue at the rate of six or seven per month.
The distribution of requests remains about the same as
in previous years, with one-third from industry, one-
third from academic institutions, and the remaining
portion equally divided between U.S. governmental
agencies and foreign groups.




4. Reports, Papers, Journal Articles, and Books*

REPORTS

T. D. Anderson, I. E. Jones, Jr, and C. M. Podeweltz, A Study of Metallic Uranium Fueled Pressurized Water
Reactors for the Production of Process Heat or Electric Power, ORNL-TM-2451 (December 1969)

H. 1. Bowers, An Economic Comparison of Single-Purpose and Dual-Purpose Nuclear Plants for Supplying Widely
Separated Power and Water Loads, ORNL-TM-2899 (August 1970).

D Chapman, Income, Bias, Benefit-Cost Analysis, and the Consumers’ Surplus Logical Problems in the Evaluation
of Public Benefit, ORNL-4477 (June 1970).

C. W. Colhns and J. O. Kolb, Economic Value of Engineered Safety Features in Siting of Dual-Purpose Desalting
Plants, ORNL-TM-2380 (March 1970).

G. L. Copeland, Evaluation of Thorum-Uranwum Alloys for the Unclad-Metal Breeder Reactor, ORNL-4557 (June
1970).

D. M. Eissenberg, Analysis of Heat Transfer Fouling in Seawater Evaporators, ORNL-TM-3173 (July 1970).

D M Eissenberg and I W Hill, Tests of the VTE Pilot Plant Deaerator, ORNL-TM-2979 (May 1970).

D. M. Eissenberg and H M. Nontake, Computer Model and Correlations for Prediction of Horizontal-Tube
Condenser Performance tn Seawater Distillation Plants, ORNL-TM-2972 (October 1970).

R O. Fnedrich and J. A Hafford, QRVE A Fortran Code for the Calculation of a Desalination Plant Combining
Vertical Evaporators with MSF Feed Heating, ORNL-TM-3149 (September 1970).

L. C. Fuller, Steam Turbine-Generator Cycle Efficiency for Desalting Applications, ORNL-TM-2909 (July 1970).

H. E Goeller and J. E. Mrochek, Generalized Capital and Operating Costs for Power-Intensive and Allied Industries,
ORNL-4296 (December 1969).

R. A Greene, S. J. Senatore, and R. A. Ebel, Budgetary Capital Cost Estimates of 1- to 10-MGD Multistage Flash
Distillation Plants for Desalting Seawater, ORNL-TM-3083 (August 1970).

R. P. Hammond and K. A. Kraus, 4bstracts of Papers, Water and Desalination Information Meeting, May 21-22,
1970, ORNL-TM-2977 (May 1970).

E C. Hise, S. A. Thompson, and R. Van Winkle, Process Description of a 2 5 MGD Upflow VTE, ORNL-TM-2963
(Apnl 1970).

E. C. Hise and R. Van Winkle, Horizontal Layout of 8-MGD VC-VTE-MSF Seawater Distillation Plant Based on the
Design of Struthers Energy Systems, ORNL-TM-3174 (October 1970)

J M. Holmes, The Impact of Nuclear Energy Centers on the Economy of Puerto Rico, thesis, Umversity of
Tennessee (August 1970).

K. O. Johnsson, /ndex to Research and Development Progress Reports Published by the Office of Saline Water,
ORNL-TM-2348, Rev 1 (December 1969).

K. O. Johnsson, Indexed Bibliography of Nuclear Desalination Literature — 5, ORNL-NDIC-7 (September 1970).

K. O Johnsson, US Patent Abstracts and Indexes Covering the Technology of Distillation Processes for Saline
Water Conversion (Interim Report), ORNL-2841 (March 1970).

J. E. Jones, Jr., and T D. Anderson, A Proposed Dual-Purpose Nuclear Desalting Plant Using Single-Effect
Distillation, ORNL-TM-2964 (May 1970).

*Some reports on OSW-supported research and development are listed here These are included to provide a better perspective of
the overall Nuclear Desalination Program activities
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C. C. Littlefield, D. M. Eissenberg, and S. A. Reed, Control of Alkaline Scale Using Carbon Dioxide, ORNL-TM-2817
(April 1970).

J. W. Michel, Comments on ‘“Desalted Seawater for Agriculture: Is It Economic?” [by Marion Clawson, Hans H.
Landsberg, and Lyle T. Alexander, Science 164, 114148 (June 6, 1969)] ; ORNL-TM-2944 (April 1970).

J. W. Michel, Status and Recent Developments in Agro-Industrial Complex Studies, ORNL-TM-3019 (June 1970).

F. W. Miles, Urban Nuclear Energy Center Study: Estimates of Process Steam Consumption by Manufacturing
Industries in the United States for the Year 1980, ORNL-HUD-2 (January 1970).

F. J. Moran, The Fabrication of Smooth Tubes for Large Multistage Flash Evaporator Desalination Plants, OSW
R&D Progress Report No. 540 (March 1970). Originally issued as ORNL-TM-2750 (November 1969).

S. A. Reed, J. W. Gregory, R. J. Kedl, F. J. Moran, J. E. Savolainen, J. A. Smith, and S. A. Thompson, Large
Seawater Desalting Plants and Plant Complexes — a Preliminary Study, ORNL-TM-3167 (May 1970).

I. Spiewak, E. C. Hise, and S. A. Reed, Preliminary Investigation of Desalting of Geothermal Brines in the Imperial
Valley of California, ORNL-TM-3021 (March 1970).

L. Spiewak, Survey of Desalting Processes for Use in Waste Water Treatment, ORNL-TM-3155 (September 1970).

I. Spiewak, H. R. Payne, and W. E. Thompson, Report on the Status of Desalting, ORNL-TM-3227 (October 1970).

R. P. Wichner, MSF Evaporator Flow Analysis: The Submerged Jet Model and the Effect of Baffles on Flow
Stability, ORNL-TM-3120 (October 1970).

Nuclear Desalination Program Annual Progress Report on Activities Sponsored by the Atomic Energy Commission
for Period Ending October 31, 1969, ORNL-4538 (May 1970).

PAPERS

S. J. Ball, “Nuclear Desalting Plant Control Studies at ORNL,” presented at North Carolina State University, Nuclear
Engineering Seminar, Raleigh, October 1, 1970.

J. G. Delene and S. J. Ball, “A Digital Simulation of the Dynamics of Large Multistage Flash Evaporator Plants,”
presented at the 1970 Summer Computer Simulation Conference, Denver, June 10-12, 1970.

D. M. Eissenberg, “Tests of an Enhanced Horizontal Tube Condenser under Conditions of Horizontal Steam
Crossflow,” presented at the 4th International Heat Transfer Conference, Paris, France, August 31—September
5519700 0 T = T o = T T o o T

D. M. Eissenberg, C. C. Littlefield, R. P. Hammond, S. A. Reed, and I. Spiewak, “Control of Alkaline Scale
Formation in Seawater Distillation Equipment Using Carbon Dioxide Pressurization,” presented at the Third
International Symposium on Fresh Water from the Sea, Dubrovnik, Yugoslavia, September 1970.

H. E. Goeller, “Energy Intensive Industry,” presented at the American Institute of Chemical Engineers National
Meeting, Atlanta, February 15—18, 1970.

R. P. Hammond, “Use of Desalted Water in Agriculture,” presented at the American Institute of Chemical Engineers
National Meeting, Atlanta, February 15—18, 1970.

R. P. Hammond, “Energy: The Resource for the Future,” presented at the 1970 National Youth Conference on the
Atom, Chicago, October 2224, 1970.

R. P. Hammond, “Energy and Technology in Solving Social and Environmental Problems,” presented at the 1969
National Science Teachers Association Southeast Regional Conference, Chattanooga, Tennessee, November 6—8,
1969.

R. P. Hammond, “Use of Desalted Water in Agriculture,” presented at the American Society of Civil Engineers
National Meeting on Water Resources Engineering, Memphis, Tennessee, January 26—-30, 1970.

J. E. Jones, Jr., T. D. Anderson, C. M. Podeweltz, and F. G. Welfare, “The Potential for Upgrading PWR’s with
Metallic Uranium Fuel,” presented at the American Society of Mechanical Engineers Meeting, Los Angeles,
November 1621, 1969.

J. A. Lane, “Projected Cost of Energy,” presented at the American Institute of Chemical Engineers National
Meeting, Atlanta, February 15—18, 1970.

J. W. Michel and J. E. Mrochek, “The Energy Center Concept,” presented at the American Institute of Chemical
Engineers National Meeting, Atlanta, February 15—18,1970.

I. Spiewak, ““Design of Desalting Plants for Conjunctive Operation,” presented at the American Water Resources
Association Conference, Las Vegas, Nevada, October 28, 1970.
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W. C. Yee, “Seawater Utilization in an Energy Center,” presented at the American Institute of Chemical Engineers
National Meeting, Atlanta, February 15—18, 1970.

W. C. Yee, “Aquaculture Economics Using Shrimp as a Model,” presented at the Working Conference on Beneficial
Uses of Waste Heat, Oak Ridge, Tennessee, April 2021, 1970.

JOURNAL ARTICLES AND BOOKS

D. Chapman, “A Note on Engineering Empiricism and Economic Theory,” Eng. Econ. 15(4), 243—-48 (1970).

J. G. Delene and S. J. Ball, ““A Digital Simulation of the Dynamics of Large Multistage Flash Evaporator Plants,”
Proc. 1970 Summer Computer Simulation Conference, Denver, June 10—12, 1970, pp. 34652, 1970.

D. M. Eissenberg, C. C. Littlefield, R. P. Hammond, S. A. Reed, and I. Spiewak, “Control of Alkaline Scale
Formation in Seawater Distillation Equipment Using Carbon Dioxide Pressurization,” Proc. Third International
Symposium on Fresh Water from the Sea, Dubrovnik, Yugoslavia, September 1970, vol. 1, pp. 479—91, 1970.

R. P. Hammond, “Agrar-Industrie-Komplexe,”” UMSCHAU in Wissenschaft und Technik (Nov. 19, 1970).

R. P. Hammond, “Nuclear Power in Agro-Industrial Development,” Research for the World Food Crisis (proceedings
of AAAS Symposium on New Frontiers of Agricultural Research, Dallas, Texas, December 26—31, 1968),
AAAS, Washington, D.C., 1970.

R. P. Hammond and Gale Young, “New Lands from Old Deserts,” J. Amer. Med. Ass. 213(7), 1107 (Aug. 17, 1970).

A. M. Weinberg and R. P. Hammond, “Limits to the Use of Energy,” Amer. Sci. 58(4), 412—18 (July—August
1970).

Gale Young, “Dry Lands and Desalted Water,” Science 167, 339—43 (Jan. 23, 1970) and Today’s Education (May
1970).
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2 L G Alexander
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7 L L Bennett
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21 J L English
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25 L C Fuller
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28 H E Goeller
29 W R Grimes
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55 P H Harley
56 R F Hibbs
57 T W Hill
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60 J M Holmes
61 J S Johnson
62 K O Johnsson
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EXTERNAL DISTRIBUTION

AEC-Washington

371. Director, RDT

372. Assistant Director for Project Management, RDT
373—-374. Chief, Desalting Branch, RDT

375. Assistant Director for Plant Engineering, RDT

376. Assistant Director for Reactor Engineering, RDT

377. Assistant Director for Nuclear Safety, RDT

378. Assistant Director for Engineering Standards, RDT

379. Assistant Director for Program Analysis, RDT

380. Assistant Director for Army Reactors, RDT

AEC-ORO

381. Senior Site Representative, ORNL
382. Laboratory and University Division
383. Patent Office

U.S. Department of the Interior — OSW

384—386. Director, Office of Saline Water
387—-388. Chief, Distillation Division

389. Chief, Desalting Feasibility and Economic Studies
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390-613. Given distribution as shown in TID-4500 under Reactor Technology category (25 copies — NTIS)





