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FOREWORD 

This document is issued in accordance with the provisions of contract 
DE-AC03-79SF10737, Solar Repowering/Industrial Retrofit Systems. The 
contract was extended by the United States Department of Energy/San 
Francisco Operations Office to the Martin Marietta Corporation, span
ning the period from 28 September 1979 through 15 July 1980. Contract 
manager was Mr. Fred Corona of DOE/SFO and the technical monitor was 
Mr. Jim Gibson of Sandia Laboratories/Livermore, California. Other ma
jor elements of the contractor team were Exxon Research and Engineering 
Advanced Energy Systems Laboratory, Exxon Enterprises Solar Thermal 
Systems Division, Foster Wheeler Development Corporation and Black and 
Veatch Consulting Engineers. 

This report is organized into three general divisions. The executive 
summary, Section 1.0, provides a brief overview of the entire project 
for the reader who desires a quick understanding of the purpose, nature 
and significant results of the study. The body of the report, Sections 
2.0 through 7.0, contains detailed descriptions of all activities and 
results. The conceptual design is completely described in Sections 4.0 
and 5.0, and the pertinent economic evaluations are reported in Section 
6.0. The appendices contain (1) detailed climatological data for the 
Bakersfield locale, (2) incident heat flux maps for the interior active 
surfaces of the receiver, and (3) the System Requirements Specifica
tion, which identifies specific design criteria, performance and opera
ting requirements. 
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1.0 EXECUTIVE SUMMARY 

The Martin Marietta Corporation, in association with Exxon Research and 
Engineering Advanced Energy Systems Laboratory, Foster Wheeler Develop
ment Corporation, and Black and Veatch Consulting Engineers, submits 
this final report to the United States Department of Energy in fulfill
ment of contract·DE-AC03-79SF10737 entitled Solar Repowering/Industrial 
Retrofit Systems. The purpose of the DOE Solar Repowering/Industrial 
Retrofit project is to devise workable, economic concepts for the im
plementation of solar thermal power systems to reduce the consumption 
of fossil fuels in existing electric power generating and/or industrial 
process heat facilities. In accordance with Category B, Industrial Ret
rofit for Process Heat Applications, we have developed a conceptual de
sign for a central receiver solar thermal system for a thermal-enhanced 
oil recovery (TEOR) process in Exxon's Edison oil field near Bakers
field, California. When installed and operational, this system will 
displace the comsumption of 6,852 m3 [43,000 barrels (bbl)] of oil 
per year. 

1.1 BACKGROUND AND APPROACH 

The concept described in this report represents a unique opportunity to 
help alleviate the ever-increasing energy problem the United States 
faces by attacking the problem from two fronts simultaneously. Not on
ly does the solar TEOR (STEOR) concept offer the potential to signifi
cantly augmen~ the efforts in petroleum conservation by reducing the 
need for consumption, but also serves to increase domestic production 
of oil with the attendant benefit of reducing our dependency on foreign 
oil sources. 

Crude oil is found in many forms, from a very light fluid that is easi
ly pumped to an extremely heavy and viscous material such as tar. The 
geologic formations in which the crude oil resides also vary consider
able in their physical nature, ranging form relatively loose, permeable 
sands to very hard, impenetrable shales. The preponderance of oil pro
duced in the past, as well as that now being produced, is light crude 
having an API gr~vity rating above approximately 25°. Light crude is 
easily produced by the conventional pumping technique with normal 
ground pressure moving the crude to the well bottom. Oil from the mid
dle east is mostly light crude, with an API rating of about 35°. 

Although large portions of light crude sources in the United States 
have been depleted, vast quantities of heavy crude (below 20° API) re
main. It has been estimated that perhaps 30 billion or more barrels of 
heavy crude oil deposits are contained in the states of California, 
Kentucky, New Mexico, Texas and Utah alone. Much of this resource re
mains untapped, but very large reserves exist where lighter crude was 
previously produced and depleted. In many cases oil fields have been 
abandoned when pumping ceased to be economically productive. Standard 
pumping methods can produce only a small portion (up to about 1/3) of 
the oil in most reservoirs. 
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The high viscosity of remaining crude, coupled with the decrease in 
ground pressure resulting from previous production and the high flow 
resistance of the formation, is the major factor that has caused many 
oil fields to become economically nonproductive. 

As available crude oil reserves have been depleted and prices have es
calated, several means of enhancing production rates have been conceiv
ed, including steam injection, chemical injection and in situ combus
tion. The most cost effective process, and that in usein the Edison 
field, is injection of steam into the ground. Crude oil-fired boilers 
generate steam (75 to 80% quality} at output temperatures in the range 
of 232 to 354oc (450 to 6700F). The steam is then injected into 
the ground in the "stimulation" mode (perodic injection, with recovery 
taking place between injection operations). As further field depletion 
occurs, the steam "drive" mode (in which injection is continuous and 
recovery occurs simultaneously from adjacent wells) may be implemented 
to maintain economical production rates. 

This conventional steam injection process has two adverse characteris
tics that limit both economic and performance potentials. First, the 
steam generators consume large amounts of the very resource they are 
used to recover. Current estimates indicate that for every 0.48 m3 
(3 bbl) of oil produced by the thermal EOR process, up to 0.16 m3 (1 
bbl) is consumed in combustion to produce steam. Also, the Fuel Use 
Act of 1.978 will further inhibit the use of conventional thermal recov
ery processes by requiring single boilers over 100 MBtu in size or mul
tiple boiler installations of more than 250 MBtu to use coal or 
renewable fuels. Second, existing air quality standards, particularly 
in California, require costly methods of combustion gas treatment that 
further inhibit the efficiency of the process. From this standpoint, 
it is most unfortunate that virtually all heavy crude oil contains 
large amounts of sulphur--the oxides of which are among the most severe 
pollutants contained in combustion gases. It is believed that air 
quality and other environmental standards will become more stringent 
over the entire country and may ultimately prevent economical recovery 
of these vast reserves of crude oil unobtainable by conventional pump
ing technology. 

The central receiver system described here was designed specifically 
for Exxon's field, but the potential utilization of this STEOR technol
ogy has much more far-reaching implications. Of the previously men
tioned states containing abundant reserves of heavy crude oil only 
one--Kentucky--perhaps has insufficient insolation for the economical 
use of STEOR in the near future. The other four states are all located 
in the sun belt of the southwest where conditions are very conducive to 
effective implementation of solar thermal systems. Presently most of 
the nation's heavy crude production is taking place in California where 
over 500,000 barrels per day of crude in the 10 to 20° API range is 
produced. If only 20% of this production that now utilizes crude-fired 
boilers for steam injection is repowered by central receiver solar 
thermal systems, up to 12 million barrels of oil _can be conserved each 
year. 
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1.2 SITE DESCRIPTION 

The site selected for this design study is the Edison oil field in Kern 
County, California. The Edison field is located approximately 7 miles 
southeast of Bakersfield at the south end of the San Joaquin Valley. 
The latitude is about 350 north. Figure 1.2-1 sho~s the location 
relative to Bakersfield. The terrain is very flat (Fig. 1.2-2), is at 
an average elevation of 183 m (600 ft) above mean sea level and has a 
very slight slope of 1.5% from the northeast to the southwest. 
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A plat of the zone to be served by the STEOR system is shown in Figure 
1.2-3. There are 121 producing wells on this site and another 121 are 
planned to be drilled. When the drilling program is complete, the av
erage oil well density will be one well per 5059 m2 (1.25 acres). 
The collector/receiver module will be located on lease 808794, which 
measures 805 m (2640 ft) by 402 m (1320 ft), and will also serve leases 
808795, 808701 and 808699. · 
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F£gure 1.2-2 Ex:,:on's Edison FieZd Looking South from Tank Battery Loaation 

The annual average direct normal insolation in this general area of 
California ranges from 6 to 7 kW/m2 per day. The closest location to 
the site for which detailed measured insolation data are available is 
Fresno,~174 km (108 miles) to the northwest, which averages 6.2 kW/m2 
per day. The climate is warm and semiarid. Average daily temperatures 
range from 9°c (48°F) in the winter to 29°c (84°F) in the sum-
mer. Cumulative precipitation averages 15 cm (5.8 in.) annually, near
ly all of which is in the form of rain. 

Exxon presently uses two crude oil-fired boilers, each rated at about 
7.3 MWt (25 MBtu/h output power, in their steaming operations. The 
boilers, fuel and feedwater storage tanks and feedwater treatment module 
are all portable units that can be moved about the field. The system 
is presently operated in the steam stimulation mode. Steam is injected 
into a single well at a time continuously for about 7 days, then the 
well is capped and allowed to soak for about 4 days. After pumping is 
resumed, the initial production rate is several times greater than be
fore the injection process (Fig. 1.2-4). The production rate declines 
with time until the next steaming cycle is performed. The interval be~ 
tween stimulations for any given well varies from one to several years. 
Exxon plans to double their steaming capacity and begin operating in 
the steam drive mode by 1986. 
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Figure 1.2-4 Typical Production History for Steam Stimulation Cycles 

1.3 PROJECT SUMMARY 

The concept of using central receiver solar thermal technology to power 
a steam injection-enhanced oil recovery process is very clearly in con
cert with the programmatic goals set for the DOE solar repowering in
dustrial retrofit project. More specifically, our design for a solar 
thermal system installation at the Edison oil field will provide a 
valid demonstration of the feasibility of building and operating solar 
power hardware in an industrial environment, while at the same time of
fering a real potential for the economic displacement of significant 
petrole~m comsumption in the near term. 

The potential total energy requirements for steam injection EOR opera
tions in this country are enormous. Exxon has estimated that in Kern 
County, California alone, there is a potential for 1670 MWt (5. 7 x 
109 ·Btu/h) of installed solar capacity by the year 2000. This com
pares with estimates of over 9000 MWt (30.7 x 109 Btu/h) of total 
steaming capacity necessary by that time. The proposed Edison instal
lation will provide less than 0.1% of that requirement. When consider
ing the total steaming capacity necessary to support heavy crude pro
duction in the rest of California and the other states of the sun belt, 
ont can reasonably project an ultimate power requirement on the order 
of ' l00,000 MWt (341 x 109 Btu/h). 
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From a technical standpoint, EOR is a most compatible application for 
central receiver solar thermal systems. Thermal storage will not gen
erally be required for such installations, eliminating what is normally 
a costly and complex part of solar thermal systems. Likewise the oper
ational requirements of the STEOR process are simple and not stringent 
as compared with electrical utility and many other process heat appli
cations. From an installation standpoint, the oil field environment is 
generally well-suited to central receiver technology. Locations are 
predominantly in nonurban areas with little or no activities of poten
tial interference involved. Large areas of relatively flat, uncongest
ed land are normally available. Clearances for wellhead pumps, equip
ment and operational access are easily accommodated in the collector 
field layout. A clear illustration of this compatibility is the active 
agricultural operations that are frequently carried on in producing oil 
fields, including Edison. 

The solar energy conversion process we have conceived is based on 
sound, proven technology and presents virtually no risk to implementa
tion of an operational system by 1985. The development of reliable, 
low-cost heliostats is well under way, and the ability to operate and 
control an entire collector field has been demonstrated by the opera
tional Central Receiver Test Facility (CRTF) $t Albuquerque. By 1981, 
the Barstow Central Receiver Solar Thermal Power System Demonstration 
plant will be operational, adding even more experience and maturity to 
heliostat and control-system technical state of the art. The natural
circulation steam generator in our cavity receiver concept is backed by 
many years of design and operational experience in commercial applica
tions and has been successfully demonstrated through the design, fabri
cation, and operation (under both infrared simulated and actual solar 
conditions) of 1- and 5-MWt prototypes. 

In assessing the cost and economic issues related to implementation of 
an operational central receiver solar thermal system at Edison, we have 
tried to be realistic in identifying and including all items of design, 
procurement, fabrication and operation. We are well aware that the ul
timate acceptance by, and penetration into, the commercial market place 
will depend entirely on a visible demonstration that the capital and 
O&M cost projections can be met. To generate and publish a cost esti
mate that is overly optimistic would be counterproductive to our long
range interests in the creation and participation in a -viable, produc
tive solar thermal power equipment industry. 

We are most encouraged that our realistic costing approach has shown 
that a central receiver STEOR system is favorably competitive with the 
present crude oil combustion process even in the near term (see Section 
1.5). At an installed cost of $14.0 million, and using the SNLL fuel 
cost escalation rate of 12%, our solar thermal system exhibits a break
even period of 13.5 years as compared to the existing fossil system. 
Considering a lower fuel escalation rate of 10%, the break-even point 
moves out to 18.5 years and the annualized costs of power are approxi
mately $24/MWt for the central receiver system as compared to $28 to 
$36/MWt (10% and 12% escalation respectively) for the fossil system. 
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It is important to note that the recently imposed windfall tax on oil 
production revenues, which is included in our economic projections, 
actually penalizes the solar alternative in these comparisons. Since 
the tax reduces the net return to the producer of oil sold, there is 
more of an economic incentive to consume the oil in process heat gener
ation than there would be without the tax. 

1.4 CONCEPTUAL DESIGN DESCRIPTION 

This design concept utilizes the central receiver type of solar thermal 
power conversion technology to generate the steam necessary for recov
ery of the heavy crude oil at the Edison field. Major elements of the 
system are shown schematically in Figure 1.4-1. The absence of a need 
for thermal storage capability and the moderate steam temperature re
quirement for the TEOR process results in a relatively simple system . 
with well-defined interfaces. The collector field consists of individ
ually driven heliostats that reflect and concentrate the solar radiant 
power into a tower-mounted twin-cavity receiver. Water is pumped from 
an existing well at Edison, treated, then piped to the receiver where 
the radiant imput power is absorbed by the generation of steam. Water 
enters the receiver at 15.6°c (60°F) and wet steam exits at 297°c 
(5670F) and 82% quality. 
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The solar power system is sized to produce 29.3 MWt (100 MBtu/h) in the 
form of steam at the system design point (noon on February 27) at an 
insolation of 0.95 kW/m. This corresponds to an annualized average 
output of 6.4 MWt (21.8 MBtu/h) that will provide about 25% of the to
tal planned steam requirement at Edison. The option of building an 
identical collector/receiver module on lease 808795 would increase the 
solar contribution to about 50% of the required process energy. 

The collector field consists of 818 heliostats arranged on lease 808794 
of the Edison oil field as shown in Figure 1.4-2. In the layout and 
placement of heliostats, adequate clearances are provided for oil well 
equipment and operational access. The heliostats are arranged general-
ly in a 2.32 rad (1500) north circular sector to project power into a 
twin-cavity receiver. The quantity of 818 heliostats is based on a re
flective area of 49.05 m2 (528 ft2), which was specified for this project. 
Heliostats of other sizes, such as the Martin Marietta second-genera-
tion unit at 56.9 m2 (612 ft2), could be used in this system with-
out greatly affecting the indicated boundaries of the collector field 
or the receiver design. The Barstow pilot plant prototype unit (Fig. 
1.4-3) illustrates a representative heliostat configuration. 

Figure 1.4-2 Sola:ro Enhanced Oil Recovery 

The proposed receiver concept is a twin-cavity natural-circulation 
steam generator. Figure 1.4-4 shows a simplified plan view of the 
twin-cavity receiver. The side-opening cavities, equipped with aper
ture doors, have a high energy abosrption efficiency and low thermal 
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losses, both while in operation and overnight when the cavity doors are 
closed. Natural circulation was selected because it is simple and 
easily adapted to the given configuration. Also, natural circulation 
has a history of high reliability and eliminates the forced-circulation 
pump and associated costs. Natural circulation is inherently self-com
pensating for energy input variations. A natural-circulation receiver 
is also relatively tolerant of impure feedwater because of its large 
tubes, low tube-exit steam quality, large water inventory, and drum 
blowdown capability. 

The natural-circulation type of solar receiver has been well-proved 
through the design, construction, and test of two complete working 
units with 1- and 5-MWt capacities. These receivers have amply demon
atrated thermal and hydraulic stability as well as ease of control un
der very severe tranaient and steady-state operating conditions. Both 
receivers have been operated using infrared lamp radiation to simulate 
solar imput, and the 1-MWt unit was operated very successfully·in the 
environment of the CNRS solar furnace at Odeillo, France. 

The function of the field piping subsystem is to transport steam from 
the receiver outlet to the injection wellheads. Approximately 12 wells 
will be injected in parallel at any given time. This injection pattern 
will move gradually through the oil field at the rate of about 3 wells 
per year over the 26-year operational life of the system. The feeder 
lines to. the wells connect to a collllllon manifold that is fed by both the 
solar thermal system and the three fossil boilers. The routing of the 
trunk line from the receiver and the progression of the injection well 
pattern have been established on the basis of minimizing total instal
led length of pipe. Pipe diameters and insulation deaign were selected 
on the basis of minimizing costs, while maintaining reasonable pressure 
drop and heat loss characteristics. 

Some of the key features of the STEOR system are summarized in Table 
1.4-1. 

1.5 SYSTEM PERFORMANCE AND ECONOMIC FINDINGS 

Performance of the STEOR system was evaluated using three validated 
computer models--MIRVAL, TRASYS and STEAEC. The MIRVAL and TRASYS pro
grams were extensively used to calculate the design point (noon, day 
58) and off-design point performance of the collector and receiver sub
systems. Performance parameters were developed frbm these performance 
estimates for input to the STEAEC system simulation model to evaluate 
the annual performance of the STEOR system with insolation and weather 
data representa·tive of the Edison site. 
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Table 1. 4-1 Conceptual Design Swronar>y 

1. Prime Contractor: Martin Marietta Corporation 

2. Major Subcontractors: Exxon Research & Engineering, Foster Wheeler 
Development, Black & Veatch Consulting 
Engineers 

3. 

4. 

5. 

6. 

Site Process: 

Site Location: 

Design Point: 

Receiver 

Thermal-Enhanced Oil Recovery Using Steam at 
270 - 285°C (518 - 545°F) 

Edison Oil Field - Bakersfield, California 

Noon on ,ebrua~y 27, Insolation of 0,95 kW/m2 

Receiver Fluid: Water/Steam 
Configuration: Twin Cavity 
Type: Natural Circulation 
Elements: Preheater and Boiler 
Output Fluid Temperature: 297°C (567°F) 
Output Fluid Pressure: 8274 kPa (1200 psia) 
Tower Height: 90m (259 ft) 

7, Heliostats 

Number: 818 
Individual Mirror Area: 49.05 m2 (528 ft 2) 
Cost: $230/m2 ($21,36/ft2 ) 
Type: Generic - Second Generation 
Field Configuration: 2.62 rad (150°) North Field 

8. Storage: None 

9. Total Project Cost: $14,033,467 ($230/m2 Heliostat Cost) 

10. Construction Time: 1.5 Years 

11. Solar Plant Contribution at Design Point: 29.3 MWt 

12. 

13. 

14. 

14a. 

15. 

16. 

17. 

Solar Fraction - Annual: 25.1% 

Annual Fossil Energy Saved: 44,058 Barrels at 5.800 x 106 

Btu/Barrel 

Type of Fuel Displaced: Heavy Crude Oil at 5.93 x 106 Btu/Barrel 

A.p~sal -Energy Produced: 55,870 MWht (190,684 MBtu) 
Ratio of Annual Energy Pro?uced : 1 _39 MWht/m2 

Total Heliostat Field Area 
Ration of Capital Cost . :$ 14,033,467 = $188 _87 MWht 

Annual Fuel Displaced 74,301 MWht 

Site Insolation (direct normal) 

Annual Average: 2.26 MWh/m2 
Source: SOLMET rnY for Fresno, Ca 
Site Measurements: Start Date: 1/1/80, Continuing 

Total Horizontal Insolation Sensor 
Direct Normal Insolation Sensor 
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The STEOR system design point output is 29.3 MWt (100 MBtu/h), based on 
a reference insolation level of 950 W/m2. The over~ll design point 
system efficiency, defined by power available to the injection wells 
divided by 950 W/m2 times the mirror area, is calculated at 76.9%. 
This high efficiency is due to the north field configuration ( field ef
ficiency= 81.7%) and the cavity receiver configuration (receiver effi
ciency= 94.2%). 

The annual system performance was calculated using the SOLMET typical 
meteorological year (TMY) insolation and weather data for Fresno, CA, 
the nearest SOLMET station and typical of San Joaquin weather pat
terns. The average daily insolation, based on the SOLMET data, is 6.21 
kWh/m2. The annual STEOR system stairstep is shown in Figure 1.5-1. 
As depicted on the stairstep, the STEOR system has an average annual 
efficiency of 61.5%, providing a total of 55,870 MWht (190,684 MBtu) to 
the injection wells. 
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Figure 1.5-1 Annual System Effiaienaies 
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The yearly output from the STEOR system is equivalent to displacing 685 
m2 (43,092 bbl) of oil burned in a conventional boiler of the type 
currently used in TEOR operations. Over the 26-year projected operat
ing period, a total of over 178,000 m3 (1.1 million bbl) of oil would 
be displaced, in addition to the heavy oil production resulting from 
the solar-produced steam injected. 

With the steadily increasing price of oil, this oil displacement ena
bles near-term economic viability of solar thermal EOR systems, even 
with heliostat costs in the $230 to $275/m2 range. Installed helio
stat costs of $230/m2 were used as a baseline "post-Barstow" helio
stat cost, with a total STEOR system cost of just over $14,000,000 as 
shown in Figure 1.5-2. The STEOR system was then compared to a conven
tional oil-fired steamer using two fuel cost scenarios. The first of 
these fuel cost scenarios assumed that the oil produced at the site 
(and burned in the steamer) was valued at the present world oil price, 
$5.06/MBtu ($30.00/bbl), escalating at 2.8% over a base inflation rate 
of 7%, and subject to all applicable ad valorem, royalty and windfall 
profits taxes. The second fuel cost was provided by Sandia Labora
tories, calling for a fuel cost of $4.00/MBtu, escalating at 4% over 
the base rate of inflation, given as 8% per year. 

Collector ($230/m2), 

$9,228,000 

Site Modifications 
and Facilities, $957,000 

Receiver, $2,386,000 

Total Plant Cost: $14,033,000 

Water Treatment, $389,000 

Tower, $736,000 

Plant Control, $135,000 

Field Piping, $136,000 

Fig'UX'e 1.5-2 STEOR Constr>uation Cost Estimate (1980$) 
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Table 1.5-1 shows the significant (15 to 30%) reduction in the level
ized cost of energy achieved with the STEOR over the 26-year operating 
life. 

Tabte 1.5-1 
Levetiaed Cost of EnePgy Results, Basetine Eaonomias, 1980$ 

Conventional 
Oil-Fired Steamer 

World Oil Price Economics $27.88/MWht 
($8.17 /Mlltu) 

Sandia-Supplied Fuel Costs $35.53/MWht 
($10.41/MBtu) 

Solar 
Thermal System 

$23.89/MWht 
($7.00/MBtu) 

$24.26/MWht 
($7 .11/MBtu) 

Using the world oil price economics, the STEOR break-even operating 
period of 18.5 years is less than the projected (baseline) steam drive 
operating period of 26 years; using Sandia-supplied fuel costs and es
calation, the STEOR system breaks even in just over 13 years. 

The near-term economic viability of the STEOR system is perhaps better 
illustrated in Figures 1.5-3 and 1.5-4, examining both heliostat break
even costs and break-even oil escalation rates. As shown in the first 

Conventional, 
Sandia Fuel Cost (12%) 

.. :, 34.10 
4.1 (10 .00) 
! 
<I).._, 

Conventional, World Oil Price 
Scenario (10%) 

Range of Near-Term 
Heliostat Costs 

20. 50 l--+----~-- ----l-- -F.:11~~~- -+--- ---- -+----------+
(6 .00) 

100 200 300 

Heliostat Cost, $/m2 

Figupe 1.5-3 Effeat of Hetiostat Cost on EnePgy Cost 
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figure, the STEOR system remains economically viable with heliostat 
costs as high as $450/m2 using an oil escalation rate of 12%. Al
though the break-even _heliostat cost (including 15% rate of return) is 
reduced to $305/m2 using the more conservative world oil price scen
ario, it is still above the range of the realistic post-Barstow helio
stat costs shown in the figure. 

The interrelationship of break-even heliostat cost and oil escalation 
rates is shown in Figure 1.5-4. For both fuel cost scenarios, the 
break-even oil escalation rate can be easily determined: for the base
line $230/m2 heliostat cost, the STEOR system remains viable for es
calation rates as low as 8.6%, 

.,?' 
/ 

~ 
$4.00/UBtu Delivered ---.....,._ -1/ 
Oil Price, 8% GNP ;;f' 

~ / ? World Oil Price Scenario, 
/ / 7% G~P Deflator 

Baseline World Oil Price Escalation 
lO~ t--------------------......,.-/., 

/~ 

/~ 

9
., .. /// -- --L 

~ 

8 ..• ,. 

Tl. Baseline 
STE.OR Helios:tat 
Cost 

I • I I • I 

35 100 165 230 295 360 425 

Break-Even Heliostat Cost, $/m2 

Figur-e 1.5-4 Break-Even HeZioatat Cost/OiZ EsaaZation Rate 
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The overall result of these economic analyses can only lead to a single 
conclusion--using realistic near-term heliostat costs, the solar therm
al EOR system described in this study is an economically viable alter
native to conventional oil-fired TEOR systems. 

1.6 DEVELOPMENT PLAN 

Task 

The development plan represents a guideline for evolving the solar 
thermal-enhanced oil recovery system from its present state of a con
ceptual design to a fully installed and operating hardware system at 
the Edison field. System development will be implemented as a joint 
Exxon/DOE project, and is consistent with the basic objectives and 
milestone criteria presented in the DOE Solar Repowering/Industrial 
Retrofit Plan issued by the San Francisco Operations Office in January 
1980. 

The word "development" as used this report is construed to include not 
only the kinds of activities related to resolution of design, hardware 
and/or process uncertainties, but also the tasks of detailed design, 
procurement, fabrication, installation and checkout that are necessary 
to produce an operational facility. It is significant that no hardware 
or process technologies are involved in this conceptual design that 
have not been demonstrated in operating systems. Only two test activi
ties are included in the development plan. The first is a steam drive 
evaluation· to be performed at the Edison field to determine the optimum 
operational strategy for future TEOR production. This will be conduct
ed even if solar hardware is not to be installed. The second test 
planned is an operational demonstration of the Martin Marietta 5-MW re
ceiver using the same feedwater quality found at the Edison site. 

A schedule of the key milestones contained in the development plan is 
shown in Figure 1.6-1. 

1980 1981 1982 1983 1984 

314 i I 2 I 3 I 4 1 I 2 I 3 I 4 1 I 2 I 3 I 4 1 I 2 I 3 I 4 

PON* Contract Award A 

System Design 
. 
' 

Development Tests --- - - . 
Permits - . 
Construction 

,. 

Checkout 

Begin Operations ~~ 

* Program Opportunity Notice. 

Figure 1.6-1 Development Schedule 
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1.7 SITE OWNER'S ASSESSMENT 

In spite of the conceptual nature of this study and the paucity of op
erational and cost data, Exxon believes that the solar central receiver 
technology should be feasible for use at the Edison field. A technical 
central receiver system demonstration in an operational environment is 
necessary for users to have confidence in the performance, cost, and 
reliability of this system. Then, if as projected, a reasonable return 
on capital expended can be achieved, the solar thermal-enhanced oil re
covery systems should make a significant penetration into the enhanced 
oil recovery operations. 

While Exxon has no other active TEOR sites in California, we have esti
mated as part of DOE contract DE-AC03-79CS30307 that a solar potential 
of 1670 MWt (5700 MBtu/h) of installed steam capacity will exist in the 
Kern County area alone by the end of this century to help recover known 
heavy oil reserves. 

Further opportunities will exist in other heavy oil-producing areas in
cluding l'exas and Venezuela. At the Edison field, it may be possible 
to more than double the size of the heliostat field as demand for steam 
increases, depending on economic and geologic factors that have yet to 
be determined. 

The conceptual design presents no severe or unusual safety o.r opera
tional requirements and can be accommodated in the oil field production 
environment. The STEOR system should result in reduction of total ul
timate atmosphere emissions, with the only negative impact being the 
loss of some 80 acres of farmland. 

Two restrictions on energy use face Exxon at the Edison site--restric
tions imposed by the California Air Resources Board on emissions from 
fossil-fired steamers, and restrictions on use of oil imposed by the 
Fuel Use Act of 1978. Solar systems could assist in meeting both of 
these restrictions as an increased demand for heavy oil causes an in
crease in the use of TEOR in California. 

The development plan and schedule presented are technically feasible 
and do not involve any special problems. Exxon would prefer to have 
the project continue using a variety of tax incentives or accelerated 
depreciation schedules in the manner of the currently available, but 
time-limited, tertiary incentive revenue program rather than as a 
series of DOE contracts; This would permit private industry to take 
the lead in the project with government assistance in sharing the risk 
of a new and largely operationally unproven but very promising technol
ogy. 
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2.0 INTRODUCTION 

This document describes the conceptual design study for a Solar Ther
mal-Enhanced Oil Recovery (STEOR) system. This work was performed for 
the Department of Energy San Francisco Operations Office under contract 
DE-AC03-79SF10737, entitled Solar Repowering/Industrial Retrofit Sys
tems - Category B: Industrial Retrofit for Process Heat Application. 
This contract was performed at a cost of $409,300 during the period 
from 28 September 1979 through 15 July 1980. Department of Energy pro
ject direction was provided by Fred Corona, and Jim Gibson of Sandia 
Laboratories was technical monitor. The Martin Marietta prime contract 
was managed by David Gorman. The Martin Marietta mailing address is 

Martin Marietta Corporation 
PO Box 179 
Denver, Colorado 80201 

Other contributing organizations were Exxon Research and Engineering, 
under the management of Eugene Elizinga and George Yenetchi, Foster 
Wheeler Development Corporation, managed by S. F. Wu, and Black & 

Veatch Consulting Engineers, managed by John Harder. 

2.1 STUDY OBJECTIVES 

The objective of the sponsoring DOE procurement for this project was to 
develop site-specific conceptual designs that (1) provide practical and 
effective use of solar energy for repowering of electric power and/or 
industrial retrofit for process heat plants, (2) have the potential for 
construction and operation by 1985, (3) make maximum use of existing 
solar thermal technology, and (4) provide the best possible economics 
for the overall plant application. More specifically, the objective of 
this particular project was to develop a conceptual design of a solar 
thermal-enhanced oil recovery (STEOR) system for Exxon's Edison oil 
field near Bakersfield, California. 

The United States, and particularly southern California, contains very 
large reserves of heavy crude oil that cannot be economically recovered 
by conventional pumping methods. The injection of steam to heat and 
pressurize the oil-bearing formations is a well-established method of 
attaining profitable production from these reserves. However, there 
are two significant limitations to the ecomomic and performance poten
tials of this process. First, the steam generators consume large 
amounts of the very resource they are used to recover. Current esti
mates indicate .that for every 0.48 m3 (3 bbl) of oil produced by the 
thermal EOR process, up to 0.16 m3 (1 bbl) is consumed in combustion 
to produce steam. Second, existing air quality standards, particularly 
in California, require costly methods of combustion gas treatment 
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that further inhibit the eficiency of the process. The use of a solar 
thermal power system to generate the needed steam would remove both of 
those limitations, thereby. providing more domestic petroleum to meet 
demands of the market while at the same time providing for improvements 
in quality of the air. 

2.2 TECHNICAL APPROACH AND PROCESS SELECTION 

Several important criteria were considered in conceptual development of 
the STEOR system. The prime concern was to ensure compatibility of the 
solar hardware with physical and operational features of the crude oil 
production process in general, and the Edison field site in particu
lar. Other major factors include the potential for minimizing the cost 
of energy conversion and utilization of mature solar thermal techno
logy. The first step was to develop an understanding of the character
istics and requirements of the thermal-enhanced oil recovery process at 
the Edison field. The nominal steam conditions required, the allowable 
range of deviation in steam conditions, alternative operating strate
gies, physical constraints at the site, design and operating character
istics of the existing fossil steam generators, and the nature of on
going operational activities were among the kinds of information devel
oped early in the study. 

The central receiver type of solar thermal power system is ideally 
suited to this application for several reasons. The steam conditions 
required for the TEOR process are well within central receiver capabil
ity. Since the process steam is not superheated, the receiver design 
is simplified and low-cost carbon steel can be used throughout the 
steam generator circuitry. Also, the absence of superheater panels 
eliminates the need for steam temperature controls, and output steam 
conditions can be established with only a simple pressure regulation 
device. The normal spacing of heliostats necessary for physical clear
ance and minimizing shadowing and blocking provides more efficient op
erational access to the oil field than a contiunuous distributed sys
tem. Finally, the capability for high solar concentration and low 
thermal losses offers the highest potential for minimizing energy con
version costs. 

The central receiver solar thermal system selected for Edison includes 
a collector subsystem, a receiver subsystem and a field'piping sub
system. Two subsystems commonly found in solar thermal power systems 
are notable for their absence in this conceptual design--the thermal 
storage and master control subsystems. The need for thermal storage is 
negated by two factors. First, the actual underground process of stim
ulating the flow and production of heavy crude oil does not require a 
constant or continuous injection of steam. The oil-bearing formation 
itself is a very effective natural thermal storage device, having an 
exceedingly large thermal capacity and a low conductance for heat 
loss. Existing TEOR operations at Edison demonstrate that enhanced re
covery continues at a diminishing rate for periods up to a year after 
termination of steam injection into a particular zone. 
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Second, the planned operational mode for the solar thermal system will 
be to supplement the continuously operating fossil boilers whenever 
sufficient insolation is available. 

A totally integrated master control system is not required because 
there are no requirements of a critical nature for synchronization, se
quencing or coordination of activities between the solar thermal system 
and the power-consuming process as occurs in an electrical utility or 
perhaps a more demanding process heat application. The fluctuations in 
steam flow rate and injection pressure that occur as the solar thermal 
system cycles in response to insolation changes do not affect either 
the TEOR process or operation of the fossil boilers. 

2.3 SITE LOCATION 

Exxon's Edison field is located in parts of sections 13, 14, 15, 18, 
19, 22, 23 and 24 of Kern County, California. The field is located on 
the east side of the San Joaquin Val'ley 11.3 km (7 mi) southeast of 
Bakersfield. Principal access is by California Highways 58 and 99 
(Fig. 2.3-1). 

Figu:t'e 2.3-1 Bakersfield A~ea Map 

2-3 

Sale: • • 1 Mlle 



Figure 2.3-2 is a plot plan showing the Exxon leases at Edison and the 
location of the STEOR site. The site extends due east of Tejon Highway 
and is in Exxon lease 808794. It ' is approximately 0.3 km (1/2 mi) from 
the Exxon field office on Hermosa Road. The site area is approximately 
327,756 m2 (80 acres) and encompasses 25 operating wells. Access to 
the wells is from the west off Tejon Highway. 

2.4 SITE GEOGRAPHY 

At the proposed STEOR site, lease 808794, both the sutface and mineral 
rights are owned by Exxon. There are few zoning and no other use re
strictions on this and surrounding land. It is 8 km (5 mi) to the out
skirts of Bakersfield and no extensive residential or commercial acti
vities are anticipated during the period while oil is being produced. 
Present-day residential and commercial activities in the Bakersfield 
area are expanding to the southwest of the city away from the intensive 
oil-producing activities in Kern County. Access to the site is by pub
licly owned roads adjacent to the site. 

It is not anticipated that any structures sufficiently large enough to 
interfere with solar operations , would ever be considered in the area. 
The closest lease to the south of the site is owned by Mobil and is in 
active oil production 

Figures 2.4-1. 2.4-2 and 2.4-3 are photographs from a central point in 
the site showing the surface features as viewed to the southeast, south 
and southwest, respectively. Figure 2.4-4 is an aerial view from 305 m 
(1000 ft) showing the lack of prominent natural and man-made structures 
on the field and surrounding land. 

Kern County Airport i$ located approximately 32 km (20 mi) to the 
northwest of the site, which is outside the airport control zone. 

Several structures already exist at the field. The principal building 
is the Exxon field office located on Hermosa Road. This building has 
available 65 m2 (700 ft2) of office space, 27.9 m2 (300 ft2) of 
locker and shower facilities and a small shop. 

Shipments to the Edison field area can be made by truck, plane or rail
road. The weight limitation on California Routes 58 and 99 and on 
local roads is 100 tons. Items measuring 3.7 by 30.5 m (12 by 100 ft) 
or larger can be shipped by truck but must be escorted. Heavy and 
bulky equipment is usually shipped by rail (Southern Pacific Railroad) 
to th~ freight depot at Edison, which is 8 km (5 mi) northwest of the 
fietd. There are no overpasses on the roads between the depot and the 
field. 

The Edison site is a flat, alluvial plain ranging in elevation from 
about 0.21 km (700 ft) in the northeast to 0.15 km (500 ft) in the 
southwest (Fig. 2.4-5). The area is free of standing water and is not 
subject to flooding. After heavy rains of one to two days' duration, 
it is sometimes necessary to wait one to five days before heavy equip
ment can be moved on the field. Since there are no steep slopes in the 
area, no slides should occur. 
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Figure 2.4-1 View of the Site Looking to the Southeast 

Figure 2.4-2 View of the Site Looking to the South 
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Figure 2.4-3 View of the Site Looking to the Southwest 

Bakersfield is considered a high earthquake risk area. It is classi
fied Zone 4 in the Uniform Building Code and structures must be design
ed to appropriate specifications. The last major quake was in 1952 and 
measured 7.5 to 7.7 on the Richter scale. The Uniform Building Code 
puts the soil of the Edison field in Class 4 (SC), sand and clay. 

The dominant geologic structure in the Main area is the uplifted, 
southwesterly tilted fault block in the basement complex. Overlying 
sediments overlap and buttress against the high-relief structure, 
Figures 2.4-6 and 2.4-7. 

Oil accumulation and migration limits result from: 

1) Sand lenticularity and faulting in the nonmarine Kern River zone; 

2) Interconnected fractures in the metamorphic Schist zone with cap-
ping by overlying sediments. 

The producing zones in the Main area include the Kern River--Chanac, 
Santa Margarita, Wicker, Nozu, Freeman-Jewett, Walker and Schist. The 
Kern River and Schist are the two most prolific. 

The Kern River is the shallowest producing zone and ranks first in pro
ductivity. Over the approximately 4.05 x 106 m2 (1000 acres) on Exxon 
property, depth averages about 0.34 km (1000 ft) below sea level. Net 
sand thickness varies from 9 to 61 m (30 to 200 ft) in a gross inter
val. The nearly "dead" oil is produced by solution gas drive with 
limited water drive likely. Reservoir and oil characteristics for the 
Kern River formation are given in Table 2.4-1. 
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Table 2. 4-1 Swronary of Reservoir Data 

Depth to formation top, m (ft) 

Oil gravity, 0 API 

Current reservoir pressure, MPa (psig) 

Average net sand thickness, m (ft) 

Reservoir temperature, °C (°F) 

Oil viscosity at reservoir temperature, 
Pa-s (cp) 

Average permeability to air, md 

Average porosity, % 

Average oil content, bbl/AF 

Average oil saturation,% PV 

Formation dip, rad (deg) 

Pattern size, m (acres) 

Kern River Sand 
Edison Field 

335. 3 (llOO) 

16-19 

1.034 (150.0) 

24.4 (80.0) 

35 (95) 

0.310 (310.0) 

1500 

27 

ll50 

55 

0.14-0.17 (3-10) 

10,117-20,235 (2.5-5.0) 

The Schist is he deepest producing zone and ranks second in productivi
ty. Over the approximately 2.8 x 106 m2 (700 acres) on Exxon prop
erty, depth varies from 9 m (30 ft) to over 610 m (2000 ft) below sea 
level. The primary production mechanism is water influx, although so
lution gas drive and gravity drainage have been important in the past. 

The water supply for steam generation is provided from an Exxon-owned 

and operated well. This well draws water from a depth of 305 m (1000 

ft) at a rate of 9.464 x 10-3 m/s (150 gpm). Water is distrubuted to 
the stimulation site by portable lines. Water is treated in portable 
units containing ion exchange beds. Table 2.4-2 contains water quality 
information before and after treatment. No problems are anticipated 
with the quantity of incremental water required for the solar-derived 
steam. 

Table 2.4-2 Water Quality Data - Impurities &n ppm 

Impurities As Produced from Well After Treatment 

Calcium 54.4 <0.5 
Magnesium 12.6 <0.5 
Sodium 50.6 210.0 
Bicarbonates 298.9 "'0 
Chlorides 36.1 326.0 
Sulphates 2.2 "'0 
Nitrates 0.44 "'0 
Total Hardness 

as CaCO 3 187.66 <0.5 
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Produced water is separated from oil in the separator tanks distributed 
throughout the field and indicated in Figure 2.3-2. This water, along 
with the waste water from the water treating plants, is reinjected into 
the Schist zone through wells on the Young Fee. The reinjected water 
currently averages 684 m3/day (4300 bbl/d). 

Other wastes are handled as follows. Sanitary water is treated in the 
privately maintained septic system. Solid wastes, i.e., sludge from 
the gas scrubbing and oily waste, are trucked to a landfill operated by 
the town of Bakersfield. 

Electric power produced by Pacific Gas and Electric services the 
field. An existing substation shown in Figure 2.3-2 at the southwest 
corner of section 13 is rated for 1900 kW. Currently the maximum load 
is 500 kW. The additional requirements for STEOR will be easily accom
modated. Electric power is brought to the site by an overhead cable on 
utility poles along Hermosa Road. 

2.5 CLIMATE 

The overall climate at Bakersfield is warm and semiarid. Average temp
erature is 18°c (65°F) and varies from 9°c (48°) in winter to 
29°c (84°F) in summer. Annual precipitation averages 15 cm (5.8 
in.). Snow is rare and no accumulations of greater than 4 cm (1.5 
in.) have been recorded. Southeasterly winds, originating in the 
Tehachapi Mountains can, at times, reach velocities of 26.82 mps (60 
mph). The most recent severe wind storm occurred in December 1977, 
with gusts to 33.53 mps (75 mph). A complete summary of the local cli
matic conditions is given in Appendix A. 

Annual average direct normal insolation read from available solar radi
ation charts lies between 6 and 7 kWh/m2/day. However, the degree to 
which local conditions influence this value is unknown. Local factors 
include the intensive agricultural operations in the San Joaquin Valley 
and winter fogs that can be trapped in the area bound by the coast 
ranges to the west, the Tehachapi Mountains to the south and the Sierra 
Nevadas to the northeast. 

2.6 EXISTING PLANT DESCRIPTION AND PERFORMANCE SUMMARY 

The Edison field is currently in steam stimulation. The steam soaking 
approach is in use, a batch operation in which the following steps are 
taken (Fig. 2.6-1): 

1) Saturated steam at 260 to 288°c (500 to SS0°F) and 75 to 80% quality 
is injected into a well for 5 to 7 days. The steam flow rate is 
about 3.155 x 10-3 m3/s (SO gpm) of water equivalent; 
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2) The well is closed and "steam-soaked" for about 4 days. The in
jected steam permeates and heats the oil/rock/sand formation and 
reduces the viscosity of the oil; 

3) The well is opened and oil is pumped out for about the next 50 to 
70 weeks, after which the steam soak process is repeated. 

Overburden 

Injection 
Tubing 

Thermal 
Packer 

I 

I I 
; I I 

l, 

Figure 2.6-1 Steam Stimulation 

' 

<I c.> Oil 
-sn.§ Water 

l; \ Fluid 

11 11 . Production; 

---1---0il Sand 
r--------1 

Currently two crude oil-fueled boilers (one put into operation in 1965, 
the other in 1979) are being used at Edison. Their characteristics are 
listed in Table 2.6-1. For each well stimulation, a boiler, portable 
Thermiotics water treating plant, and portable water, boiler fuel, and 
diesel fuel tanks (Fig. 2.6-2) are moved to the well site. 

In a typical operation, 1590 m3 (10,000 bbl) of water will be con
verted to steam and injected into the well (plus an additional 9 to 10% 
for the scrubber). To accomplish this, about 115 m3 (724 bbl) of 
crude oil will be burned (about 106 m3 of oil would be required if no 
scrubber were used). An annualized energy diagram for this system is 
shown in Figure 2.6-3. 
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The portable steamers currently in use at Edison are in service on an 
average 80% of the time. The remaining 20% is divided between 3% for 
maintenance and 15% for moving and reinstallation. Unscheduled down
time occurs rarely when an automatic overpressure or overtemperature 
sensor shuts down the steamer. In these cases the shutdown is dis
covered and the steamer restarted within a few hours. 

TabZe 2. 6-1 Steam Generator Design Data for Struthers Themofiood® 25 Steamer 

Design Steam Pressure 

Design Steam Quality 

Design Steam Flow to Well 

Design Steam Flow to Oil Burner 

Condensate to Drain 

Design Steam Flow at Heater Outlet 

Heat to Well (Above 80°F Feed Temperature) 

Heat to Produce Atomizing Steam 

Heat to Preheat Fuel Oil (Recirculate) 

Design Total Heat Output of Heater 

Thermal Efficiency of Heater 

Thermal Efficiency of Process 

Burner Type 

Burner Heat Release 

Fuel 

Fuel Net Heating Value 

Fuel Consumption 

Pilot Fuel 

Combustion Air 11,900.2 kg/h (26,240 lb/h) 

Flue Gas Temperature 

2-15 

10.343 MPa (1500 psig) 

80% 

11,564.6 kg/h (25,500 lb/h) 

72.56 kg/h (160 lb/h) 

18.14 kg/h (40 lb/h) 

11,655.3 kg/h (25,700 lb/h) 

7.27 MW (24,797,808 Btu/h) 

59.09 kW (201,600 Btu/h) 

37.44 kW (127,750 Btu/h) 

7.91 MW (26,999,408 Btu/h) 

89.99% (LHV Basis) 

89.12% (LHV Basis) 

North American 5131-FA 

8.14 MW (27,777,778 Btu/h) 

Crude Oil 

156.41 W/m3 (141,000 Btu/gal) 

0.746 m3/h (197 gal/h) 

Natural Gas or LPG 

Flue Gas 12,598.6 kg/h (27,180 lb/h 

190.6°c (375°F) at 20% Excess Air 



Figure 2.6-2 Steam Drive Operation at Edison FieZd 

52,963 bbliYear 
75% Quality Steam 

Flue Gas Scrubber 
5482 MWh 

588,484 bbl/Year ;35,520 bbl/y 
42,764 bbl/Year Fuel Oil 82% Thermally Steam ?S% Quality Steam 

74,300 MWh Efficient Boiler 60,927 MWh 55,444 MWh 322,000 
bbl Oil/Yea r 

I 
559,466 MWh 

1.45 X J.06 kWhe/Year Purchased Electric 

7.33xl03 MWh 1'ower 

Oil 
Wells 

Figure 2.6-3 AnnuaZ Energy FZow Diagram, New 7.33 MWt BoiZer 
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2.7 PROJECT ORGANIZATION 

This conceptual design study was performed by a team consisting of 
Martin Marietta Corporation, Exxon Research and Engineering, Wheeler 
Development Corporation, and Black and Veatch Consulting Engineers, 
Incorporated. The organization and functional responsibilities are 
illustrated in Figure 2.7-1. 

Thermal 
Analysis 
& Design 

T. H. Oliver 

Performance 
& Economics 

J.E. Montague 

Exxon 

Site & 

I 

Process Design 

E. R. Elzinga 
G. V. Venetcht 

Figure 2.?-1 

Martin Marietta 

Project Manager 

David N. Gorman 

Foster Wheeler 

Receiver 
Design 

S. F. Wu 

Adminstrative 
Support 

Planning 
Cost Management 
Contracts 
Subcontract 

Management 

I 
Black & Veatch 

Field Piping 
& Foundation 
Design 

J.E. Harder 

Solar Thermal-Enhanced Oil Recovery Project Organization 

As prime contractor, Martin Marietta provided overall management for 
the project, serving as the focal point for technical coordination, re
views and documentation. Martin Marietta also made significant contri
butions to the development of specifications, thermal performance anal
yses, system selection and conceptual design, plant performance analy
ses and economic studies. 
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Exxon is the owner/operator of tue specific thermal-enhanced oil recov
ery process application and site on which this entire project was bas
ed, and provided the necessary technical expertise, ecomomic under
standing and operational knowledge of the oil production process. 
Exxon provided significant inputs to the system specifications, gener
ated the development plan and performed process analyses and economic 
estimates. If it is decided to continue toward the development of an 
operational system, Exxon will provide team leadership and direction 
for the subsequent detailed design, development, construction and oper
ational activities. 

Foster Wheeler had the overall responsibility for conceptual design of 
the receiver. This included the structural concept, boiler circuitry 
and controls. Foster Wheeler performed the necessary analyses to en
sure that the receiver design was consistent with applicable codes and 
criteria for steam boilers, and also performed transient operating 
analyses to establish startup capabilities. 

Black and Veatch was responsible for the arrangement and design of the 
field piping subsystem. This included defining routing, pipe sizing, 
selection of major components, design of insulation and the supporting 
analyses of flow characteristics and heat loss. Black and Veatch also 
provided helpful evaluation of available soil data and conceptual de
signs for foundations for the heliostats and the receiver tower. 

2.8 FINAL REPORT ORGANIZATION 

This report is organized into three general divisions. The executive 
summary, Section 1.0, provides a brief overview of the entire project 
for the reader who desires a quick understanding of the purpose, nature 
and significant results of the study. The body of the report, Sections 
2.0 through 7.0, contain the detailed descriptions of all activities 
and results. A complete description of the conceptual design is con
tained in Sections 4.0 and 5.0, and the pertinent economic evaluations 
are reported in Section 6.0. The appendices contain (1) detailed cli
matic data for the Bakersfield locale, (2) incident heat flux maps for 
the interior active surfaces of the receiver, and (3) the System Re
quirements Specification, which identifies specific design criteria, 
performance and operating requirements. 
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3.0 SELECTION OF PREFERRED SYSTEM 

The process of selecting the preferred system configuration was highly 
influenced by the specific application and site chosen for this central 
receiver system design. The availability and configuration of land 
owned by Exxon, existing equipment and facilities, future expansion an
ticipated for the TEOR operations and projected response of the reser
voir were all important factors. Some of the specific studies that led 
to the final design concept are discussed in this section. 

3.1 TRADEOFF STUDIES 

Several tradeoff studies were performed to aid in selecting a preferred 
configuration for the STEOR system concept. A comprehensive evaluation 
of collector field arrangements was performed to determine optimum lay
outs considering system power capacity, site limitations and possible 
receiver configurations. Then, more detailed studies were conducted to 
optimize the receiver cavity design. Other studies discussed in this 
section include layout and sizing of the field piping subsystem and 
some preliminary assessments of tower foundation concepts. 

3.1.1 Collector Field/System Sizing Parametric Analyses 

The objective of these analyses was to identify the most cost effective 
solar subsystem size and resulting collector field layout for the 
Edison enhanced oil recovery retrofit concept. An additional output 
from these analyses was the cavity receiver configuration; i.e., the 
number of apertures and their orientation. The collector field optimi
zation and system sizing were combined in these analyses because of (1) 
the land constraints imposed by the site selection, and (2) the absence 
of thermal storage to act as a "buffer" between the collector field 
size and the rating of the process. This subsection will describe the 
methodology used, assumptions made and the results of these parametric 
analyses. 

3.1.1.1 Approach - The overall approach to these analyses is shown in 
Figure 3.1-1. The range of system sizes to be analyzed was first de
fined. From previous studies, it was determined that the available 
land would be sufficient for a maximum solar system size of approxi
mately 70 MWt peak (240 MBtu/h), and the minimum acceptable retrofit 
size to the site owner was about 20 MWt (68 MBtu/h). Over this range 
of power levels, four different cavity receiver configurations were 
considered--single-, 2-, 3- and 4-aperture systems. 
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Alternative Receiver 
Configurations 

Preliminary System Sizing 
20 to 70 MWt 

Collector Field Optimization 
(DELSOL) 

Optimized Collector Fields 

Land Constraints -! 
Owner Inputs and--------~-~-
Constraints 

Land Constraints 
Revised Costs 

Figure 3.1-1 

Selected System Size 

·l 
Tower Height Optimization 

Collector Field Layout 
(RCELL) 

Heliostat Design 
(Sandia-Provided) 

coiieator FieLd/System Sizing Parametria AnaLysis Approaah 

The Sandia Laboratories DELSOL program was then used to optimize col
lector field size, receiver size and tower height for 11 discrete sys
tem sizes (power levels) between 20 and 70 MWt inclusive for each re
ceiver configuration. This optimization was based on minimization of 
the levelized cost of energy, expressed by DELSOL in terms of mills/ 
kWhe. This levelized cost of energy for the STEOR system considered 
the collector field cost (heliostats, wiring), tower cost, receiver 
cost and pump and piping cost. The total capital cost is levelized and 
divided by the net annual energy output. Consequently,'the levelized 
cost of energy in this situation is in terms of mills/kWh (or equiva
lently, dollars/MWh) for the net thermal energy supplied to the well
head. 

After the optimization process was completed, the existing land con
straints were imposed on the optimized collector fields for the range 
of system sizes considered. This analysis also incorporated the site 
owner's considerations and constraints and the programmatic considera
tions that resulted in selection of a preferred system size of 30 MWt 
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(peak). At this power level, using the revised tower cost model pro
vided by Sandia Laboratories in Technical Memo 6, January 18, 1980 and 
the strict land constraints, the tower height and field configuration 
was reoptimized, again using DELSOL. With the optimum tower height 
from this analysis, the heliostat spacings and layout were optimized 
using the University of Houston collector field optimization programs 
RCVR, RCELL and LAYOUT. 

3.1.1.2 Collector Field Optimization/System Sizing Criteria - The 
DELSOL model requires a complete definition of the heliostat, tower, 
receiver and balance-of-plant performance and cost parameters to per
form the optimization. This subsection will highlight the major cri
teria used in the parametric studies. 

Heliostat - The baseline heliostat parameters used in these studies 
were provided by Sandia Laboratories in a November 6, 1979 memo, Tech
nical Assumptions for the Repowering/Industrial Retrofit Conceptual De
sign Studies. The major heliostat parameters are summarized in Table 
3.1-1. 

TabZe 3.1-1 HeZiostat Design Parameters 

- Solar Central Receiver Heliostat 

- 12-facet glass/steel inverting stow design 

- 49.05-m2 (528-ft2 ) reflective surface 

- 7.416 x 7.378-m (24.33 x 24.20-ft) overall dimensions, 
10.5-m (34.44-ft) minimum spacings 

- Performance 

- 0.90 reflectivity 

- 0.75 mrad elevation axis error (1 sigma) 

- 0.75-mrad azimuth axis error (1 sigma) 

1.00-mrad single-axis mirror aberration error (1 sigma) 

- canted and focused at slant range 

- Cost 

- $230/m2 ($21.37/ft 2 ) first plant installed cost (1980$) 

The cost of heliostats includes the heliostat, installation, wiring and 
foundation, control system and all indirects and contingencies asso
ciated with the collector system. Land acquisition costs were assumed 
to be zero because no additional land would be required. 
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Receiver - An important advantage of the DELSOL program is the capabil
ity to model singleand multiple-aperture cavity receivers. In these 
analyses, single-, 2-, 3- and 4-aperture cavity receivers were consid
ered, with the orientations shown in Figure 3.1-2. For performance 
calculations, the receiver reflection losses (effective absorptivity) 
for all cavities was a constant 2% of incident power (absorptivity= 
0.98). Radiation and convection losses are scaled from an input refer
ence receiver thermal efficiency of 0.985 as calculated by TRASYS. No 
attempt was made in the study to limit flux levels on the active sur
faces of the cavities because prior work has shown that acceptable flux 
levels can be achieved by smart a1m1ng strategies without increasing 
optimum aperture sizes or spillage. 

(a) Single-Cavity (b) Two-Cavity 

(c) Three-Cavity (d) Four-Cavity 

Figure J.1-2 Cavity Configurations Considered 

The receiver cost model inherent in DELSOL is for external receivers, 
where the cost is assumed to scale exponentially (<1.0) with the ab
sorber area. Since the absorber area is not calculated in the code for 
cavity receivers, modifications were made so the receiver cost scaled 
exponentially with the design point input power (RTHP). The model used 
can be expressed as 

$ (RTHP 0. 8 
Receiver cost= 1.8M x 

30
_
9

) 

where the reference receiver cost of $1.8M was for a single-cavity re
ceiver with a design point power input of 30.9 MWt. 
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Tower - For the range of system sizes considered, the optimum tower 
heights ranged between 50 and 105 m. To accurately reflect the cost 
data derived by Stearns-Roger in contract 18-8446, Tower Cost Data for 
Solar Central Receivers and modeled by the Sandia tower cost equations, 

a curve fit on steel tower costs between 50 and 105 m was used in the 
DELSOL tower cost model. The DELSOL tower cost model is of the form 

Tower cost= a+ b (tower height)+ c (tower height)2 + d (receiver 
weight) 

where the default values of c and d were used, and the values of a= 
4206 and b = 123.5 were calculated by curve-fit on the Stearns-Roger/ 
Sandia equations. 

Balance-of-Plant - Since the STEOR concept does not include any of the 
equipment normally associated with a solar power plant, e.g., storage, 
heat exchangers and EPGS, all the cost models associated with the 
balance-of-plant were set to zero. Similarly, the performance effici
encies associated with storage and the EPGS were input as 1.0, result
ing in the system output expressed in terms of thermal energy rather 
than electrical output. 

3.1.1.3 Collector Field/System Sizing Analysis Results - Using the ap
proach detailed in 3.1.1.1 and the criteria discussed in 3.1.1.2, the 
DELSOL program was used to calculate the optimum collector field size, 
receiver dimensions, tower height and resulting levelized cost of ener
gy for system sizes between 20 and 70 MWt. The overall results are 
plotted in Figure 3.1-3 for the various cavity receiver configurations 

considered. As shown in the figure, the optimum STEOR configuration 
would be a 70-MWt (peak) system using a single north-facing cavity re
ceiver. However, one could expect a lower cost of energy system at 

power levels higher than 70 MWt. The continuously decreasing cost of 
energy is due to the economies of scale ~eing realized in the receiver 

and tower costs, as illustrated in Figure 3.1-4. The tower cost is 
slightly lower for 2-, 3- and 4-aperture systems due to lower tower 
heights than the single-aperture system; however, because of the re
ceiver cost model used, with constant cost at a given power level for 
the various numbers of apertures, the receiver cost does not vary be
tween configurations. 

The levelized energy cost advantage of the single-aperture configura
tion is due to the increased system efficiencies, as sqown in Figure 
3.1-5. The decreasing system efficiencies with increasing number of 
apertures, especially at these small system sizes, are due to reduced 
field cosines with heliostats in the more southerly portions of the 
field, and increased radiation and convection losses with increasing 

aperture areas. 
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Figure 3.1-5 DELSOL Results - System Effiaienaies 

System Size Selection - The Edison field site imposes a strict con
straint on the size and shape of the collector field. However, since 
the version of DELSOL used for this analysis could not impose land con
straints on the optimization, it was necessary to manually impose the 
site constraints on the results presented in the previous discussion. 
This was accomplished by superimposing the heliostat field boundary as 
calculated by DELSOL on the plot plan of the site, examples of which 
are shown in Figure 3 .1-6 for 30-MWt fie•lds. These analyses of 
the land constraints only considered the overall dimensions of the site 
and did not consider the necessary easements around the wells, tank 
farm or gas plant. However, the consideration of land availability was 
sufficient to significantly constrain the system site selection as 
shown in Figure 3.1-7. 

At this point in time, partially based on the results presented and 
partially on other operational EOR considerations, a solar retrofit 
size of 29.3-MWt (100-MBtu/h peak) system size was selected. This 
choice represented a 2% increase in the cost of energy over a 60-MWt 
(205-MBtu/h) solar size while reducing the projected capital investment 
by 49%. 

From an operational point of view, the 29.3-MWt (100-MBtu/h) size rep
resents the anticipated peak thermal requirements for steaming opera
tions in the projected steam drive mode. The selection of the smaller 
size also allows construction of the collector field totally within the 
southern half of the site, thereby avoiding interference with the tank 
farm located in the middle of the site. 
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60 70 

3.1.1.4 Land-Constrained Collector Field Optimization - Given the de
sired system size of 29.3 MWt (100 MBtu/h) and the land constraint of 
the southern half of the site, the tower height and final collector 
field layout were optimized. Based on the 30-MWt optimum collector 
fields shown in Figure 3.1-6, a two-cavity receiver was used for this 
optimization because the resulting collector field configur~tion pro
vides maximum utilization of the rectangular land area. The final 
choice between a single-cavity and twin-cavity receiver was made after 
the final collector field configuration was determined, as discussed in 
Subsection 3.1.2. The tower height optimization involved inputting the 
collector field cells that did not violate the land constraints for a 
given tower height and using DELSOL to calculate the performance of the 
field. This procedure was followed f9r tower heights of 60, 70, 80 and 
90 m, using the optimum aperture sizes (6.0 x 6.0 m) from the previous 
analysis. For all four tower heights, the collector field boundaries 
did not violate the land constraints and met the 29.3-MWt design point 
requirement. 

An additional site constraint considered in this analysis was the re
quired clearances around each injection and production well. This re
quired clearance was determined to ,be approximately 9 m (30 ft). There 
are 28 wells at the site, with an additional 18 wells planned. 
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A simplified calculation was made to determine the number of heliostats 
in the collector field that would be displaced due to the minimum well 
clearance and moved to the outer radius of the field. Depending on the 
distance from the tower (and resulting field density), it was determin
ed that between two and five heliostats would be displaced by each 
well. For each tower height, then, the total number of heliostats dis
placed was calculated and these were added to the outer radius of the 
field. However, these heliostats are less efficient than in their ori
ginal position, thus reducing the total field efficiency. To achieve 
the desired design point power of 29.3 MWt, additional heliostats were 
added to the field, and the total number of heliostats (and cost) was 
calculated. Finally, the tower cost was calculated using the Sandia 
tower cost equations for a steel tower, assuming a constant receiver 
weight and size. 

The results of this land-constrained optimization are sunnnarized in 
Table 3.1-2. As the table shows, the minimum-cost configuration is the 
90-m tower height, with the resultant heliostat field boundary shown in 
Figure 3.1-8. 

Table 3.1-2 Two-Aperture Land-Constrained Optimization 

Tower Revised Helios tat Tower 
Height, Number of Helios tats Number Cost, Costt, Total Cost, 

$ X 103 m (ft) Helios tats Displaced Helios tats* $ X 103 $ X 103 

60 (197) 831 97 838§ 9,453.9 860.9 10,314.8 
70 (230) 812 86 819§ 9,239.5 914.8 10,154.3 
80 (262) 805 75 810 9,138.0 980.0 10,118.0 
90 (295) 803 65 805 9,018.6 1,052.0 10,084.6 

* 
t 
§ 

Accounting for well displacements. 
.Revised tower cost equation, steel tower. 
Land constraint violated. 

The final task performed to arrive at the final collector field design 
described in Section 5.0 and in Appendix C was optimization of the 
heliostat spacings and the layout of the heliostat locations. To opti
mize the heliostat spacings, the University of Houston RCELL optimizer 
package was exercised for a 90-m tower height and a 6.0-m receiver 
size, with the heliostat design parameters given previously in Table 
3.1-2. The resultant heliostat field radial coefficients were then in
put to the RCELL LAYOUT program to provide the coordinates of the indi
vidual heliostats for the collector field. 

3.1.2 Receiver Cavity Arrangement 

Two receiver configurations were considered for the 2.62-rad (1500) 
collector field--a single-cavity and a twin-cavity arrangement. 
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The single-cavity arrangement, as shown in Figure 3.1-9, has an aper
ture that faces north and is 18 m (50 ft) in width and 6.3 m (20.7 ft) 
in height. The single-cavity configuration required that the aperture 
width be stretched to capture the energy projected from the heliostats 
in the southern corners of the collector field. This increase in the 
aperture width resulted in a total cavity width of 22 m (72 ft). ,~ 

--------1 
7 m 

22 m 

18 m ~, 

Figure 3.1-9 Single-Cavity Configuration 
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The twin-cavity arrangement has two 5.5 x 5.5-m (18 x 18-ft) apertures 
that are displaced 37.5° from the north axis, as shown in Figure 
3.1-10. The two adjacent cavities have a combined width of 12 m (42.6 
ft). 

37.5° 

A 
S.5 m 

'<~ 4.5 

t4----12 m -------t~ 

Figure 3 .1-1 O Twin-Cavity Configuration 

The twin-cavity arrangement was found to be a more efficient and com
pact receiver and more compatible with the 2.62-rad (150°) field. 
The twin cavity was selected over the single cavity because of its 
higher efficiency as shown in Table 3.1-3. The higher losses from the 
single cavity are due to its larger aperture area, 113.4m2 (1220.7 
ft) for the single cavity, as opposed to 60.5 m2 (651.3 ft2) for 
both apertures of the twin cavity. 

TabZe 3.1-3 Cavity Comparisons 

Design Point Lossess 

Reflection,% 

Single-Cavity 2.10 

Twin-Cavity 1.56 

Radiation,% Convection,% 

5.64 

1.51 

2.68 

2.41 

Total,% 

10.42 

5.48 

3.1.2.1 Aeerture Sizing - The apertures for the twin-cavity receiver 
were optimized by summing the cavity losses out the aperture with the 
spillage at the apertures. Cavity losses include radiation, convec
tion, and reflection out the aperture. The optimum aperture size was 
found to be 5.5 x 5.5 m (18 x 18 ft) as shown in Figure 3.1-11. 
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Sum of Cavity Losses 
and Spillage 

Cavity Losses 

Spillage 

35 40 45 

3.1.2.2 Aperture Frame Heat Flux - The area around the aperture was 
checked for peak heat fluxes at various times of day and at various 
times of the year. The peak heat flux for the east aperture frame was 
found to occur at 10:00, day 172 along the top of the aperture as shown 
in Figure 3.1-12. Stainless steel with a low absorbtivity paint can 
tolerate an absorbed heat flux of 6.31 W/cm2, which is well above the 
maximum absorbed heat flux of 4.02 W/cm2. Therefore stainless steel 
can serve as a protective material around the aperture to protect the 
receiver structure. 

3.1.3 Receiver Design Studies 

Various tradeoff studies were performed to define and/or optimize key 
features of the receiver design. These studies are briefly summarized 
in this subsection. 

3.1.3.1 Surface Arrangement - It is necessary to preheat the feedwater 
from an ambient level of about 160c (60°F) to 1490C (300°F) to preclude 
excessive thermal stresses from occurring in the zone where the feed
water pipe enters the steam drum. Based on predictions of power input 
distributions and knowledge of the necessary preheat/boiling power ap
portionment, several configurations of preheat/boiler panel 
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arrangements were evaluated. The optimum arrangement places preheater 
panels on the forward portion of the common vertical wall separating 
the two cavities, and on the horizontal ceilings of both cavities. 

3.1.3.2· Steam Drum - Since the steam injection application does not 
require dry saturated steam, mechanical separators can be eliminated 
from the drum internals to effect a cost savings. Based on the operat
ing pressure and steam loading, drums with different inside diameters 
and lengths were compared. A 1.22-m (48-in.) ID drum was selected for 
both the single- and twin-cavity configurations. 

3.1.3.3 Boiler Circulation - A simplified analytical computer model 
was set up to check the adequacy of boiler circulation. It consisted of 
circuits representing downcomers, feeders, vertical boiler panels and 
risers. Different sizes of boiler tubes were analyzed for the different 
heat absorption conditions. Tubes of 50.8-mm (2.0-in.) OD were found 
adequate for all boiler panels. The results of this study were used to 
generate the boiler circuitry for the conceptual design. 

3.1.3.4 Preheater Circuit - Tube size, width and orientation of flow 
passes, heat flux variation, and pressure drop were the key parameters 
considered in the design of the preheater flow circuit. Tubes of 
25.4-mm (l.O-in.) OD were chosen for all preheater panels. The pres
sure drop through the preheater was estimated to be less than 207 kPa 
(30 ·psi). 

3.1.3.5 Seismic Design Requirements - The lateral accelerations at the 
top of the receiver tower were calculated using the correlations recom
mended by Sandia Laboratories. An average peak ground acceleration of 
0.5 g for UBC Seismic Zone '4 was used. The corresponding lateral 
tower-top acceleration is 0,82 g for a 90-m (295-ft) concrete tower, 
and 0.62 g for a steel tower of the same height. 

3.1.4 Field Piping Study - The purpose of this study was to develop the most 
economical piping scheme for transporting the steam produced in the re
ceiver to the injection wells. 

3.1.4.1 System Arrangement - Assuming 12 wells are to be injected si
multaneously, a well pattern that to the extent possible would be simi
lar throughout the field was selected. The well injection pattern and 
the field piping arrangement are shown in Figures 3.1-13 and 3.1-14, 
respectively. For this field arrangement, piping generally runs paral
lel to the field boundaries. New injection wells can be added by tak
ing wells out of service at one end of the well pattern and adding 
wells to the other end. This arrangement also lends itself to a com
plete relocation of the well pattern mainly by adding or removing 
lengths of main header piping. 
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3.1.4.2 Pipe Sizes - Pipe sizes were selected using the following two 
criteria: 

1) The steam pressure at any wellhead should not be less than 5.62 MPa 
(800 psig). Thus, with 7.00-MPa (1000-psig) steam pressure avail
able at the nearest well, a maximum pressure loss of 1.38 MPa (200 
psi) was established for the additional piping system necessary to 
reach the farthest well; 

2) A maximum steam velocity of approximately 12.0 m/min/mm (1000 ft/ 
min/in.) ID was selected as a reasonable value to minimize pipe 
erosion. 
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The piping system consists of two principal sections: 

1) Main header - Header pipe from the receiver to a point just ahead 
of the injection well pattern; 

2) Branch - Pipe from the main header to the injection wells. 

The design steam flow is 43,540 kg/h (96,000 lb/h); this flow consists 
of 36,010-kg/h (79,400-lb/h) steam produced by the receiver and 7,580 
kg/h (16,700 lb/h) of receiver blowdown (which is injected in the main 
header just downstream of the receiver). This steam quality is approx
imately 82%. With this steam flow, the selection of minimum pipe size 
was based on velocity. As can be seen in Table 3.1-4, a check of pres
sure loss with the minimum pipe size [150-mm (6-in.) main header and 
80-mm (3-in.) branch] indicates a loss of approximately 1.45 MPa (210 
psi). For the two pipe sections considered, one nominal pipe size 
above and below the minimum was also evaluated to see the effect on 
total system cost due to decreasing pressure loss by increasing pipe 
SLZe. 

Table 3.1-4 Comparison of Alternatives 

Main Header Branch 

Farthest Array Closest Array 

Pipe Size, mm (in.) 100 150 200 100 150 200 so 80 100 
(4) (6) (.8) (4) (6) (8) (2) (3) (4) 

Pipe Cost, $1,000 318.6 402.7 487.4 37.7 47.6 58.l 128,1 144.0 166.4 

Expansion Method, $1,000 
Pipe Loops 51.9 84.4 133.4 3.7 6.0 8.1 25.4 33.1 44.5 
Bellows 51.6 55.4 76.2 3.7 4.0 5.4 23.3 39.3 44.2 
Barco Joints 15.2 31.l 45.5 1.1 2.2 3.3 8.9 12.7 19.S 

Insulation Cost, $1,000 
Bellows or Barco Joints 54.5 66.S 92.8 6.4 7.8 10.8 24.1 27.2 33.2 
Pipe Loops 63.4 80.4 114.4 7.0 8.8 12.4 28.9 33.8 42.5 

Total Cost, $1,000 
Pipe Loops 433.9 567.5 715.2 48.4 62.4 78.6 182.4 210.9 253.4 
Bellows 424.7 524.6 656.4 47.8 59.4 74.3 180.3 210.5 253.1 
Barco Joints 388,3 500.3 625.7 45.2 57.6 72.2 161.1 183.9 219.l 

Total Pressure Drop, kPa 
(psi) 

Pipe Loops 11,473 1,544 386 1,269 172 41 476 62 14 
(1664) (224) (56) (184) (25) (6) (69) (9) (2) 

Bellows 10,598 1,420 359 1,207 165 41 421 55 14 
(1537) (206) (52) (175) (24) (6) (61) (8) (2) 

Barco Joints 10,514 1,386 345 1,186 159 34 421 55 14 
(1525) (201) (SO) (172) (23) (5) (61) (8) (2) 

3.1.4.3 Thermal Expansion - For the pipe sizes considered, the three 
methods of compensating for thermal expansion shown in Figure 3.1-15 
were evaluated: 

1) Pipe expansion loops; 

2) Metal bellows expansion joints; 

3) Barco joints (swivel ball joints). 
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Figure J.1-15 Expansion Deviae Detail 
To simplify the piping support system, movement of the pipe at any lo
cation due to thermal expansion was limited to approximately 416 mm (16 
in.). This requires a method of accommodating the expansion at inter
vals of approximately 122 m (400 ft). The cost of each of these tech
niques is listed in Table 3.1-4. 

3.1.4.4 Insulation - To complete the piping study, insulation costs 
were developed based on the following criteria: 

1) Wind speed= 18.5 km/h (11,5 mph) - Specified in United States 
Speed and Wind Power Duration tables by months, October 1975; 

2) Ambient temperature= 18.30C (650F) - Annual mean value (Appen
dix A); 

3) Energy cost= $0.20/Btu/h - Estimated approximate cost to compen
sate for operating heat losses, 

A preliminary evaluation was performed comparing heat loss cost and 
capital cost for the following types of insulation: 

1) Thermo 12; 5) Kaowool 2600; 

2) Epitherm 12-0; 6) Micro-lok 650; 

3) Super Caltemp; 7) Celotex 1500. 

4) Kaylo 10; 
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The three least expensive types of insulations (Epitherm 1200, Kaowool 
2600, and Micro-lok (650) were further evaluated to determine the most 
economical insulation type and thickness for each size pipe. The re
sults of this analysis for a representative pipe size [150 mm (6 in.)] 
is shown in Table 3.1-5. For this case it is apparent that the evalu
ated cost decreases sharply with increasing insulation thickness until 
a thickness of 89 mm (3.5 in.) is reached. For all pipe sizes, 89 mm 
(3.5 in.) of Micro-lok 650 was either the optimum or the point at which 
additional thickness resulted in insignificant cost savings. These re
sults appear as the insulation cost in Table 3.1-4. 

J.1.4.5- Conclusion - The principal conclusion of the study is that the 
most economical piping system would be: 

1) 150-mm (6-in.) main header with Barco joints and 89 mm (3.5 in.) of 
Micro-lok insulation; 

2) 80-nm (3-in.) injection p1p1ng with Barco joints and 89 mm (3.5 
in.) of Micro-lok insulation. 

3.1.5 Tower Foundation Study 

The objective of this study was to identify the most cost effective 
foundation design for support of the receiver tower. 

3.1.5.1 Site Soil Conditions - Sufficient soil data to facilitate a de
tailed foundation study were not available. Therefore for the concep
tual design, it was assumed that the soil is Class 4, type SC (i.e., 
sandy with some clay) for which the 1979 edition of the Uniform Build
ing Code provides the tabulated foundation design data. These pres
sures may be increased with depth, in accordance with the Code, up to 
the maxima tabulated. 

At the Surface Maximum 

Allowable Bearing Pressure 72 kPa (1500 psf) 215 kPa (4500 psf) 

Allowable Lateral Pressure 7.2 kPa (150 psf) 108 kPa (2250 psf) 
for tower 
14.4 kPa (300 psf) 
for tower 

Lateral Sliding Coefficient 0.25 
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Tab1-e 3.1-5 Insu1-ation Compa.Pative Cost (Pipe Size - 150 mm (6 11) Sah 80) 

Insulation Type and W/M Heat Loss, Heat Cost, Capital Cost, Total Cost, 
Thickness (in.) (Btu/h/ft) $/m ($/ft) $/m ($/ft) $/m ($/ft) 

Epitherm 1200 

2.0 187.9 128,29 22.21 150.50 
(195.5) (39.10) (6. 77) (45.87) 

2.5 158.0 107.88 25.03 132.91 
(164.4) (32.88) (7. 63) (40.51) 

3.0 137.9 94.16 28.58 122.74 
(143.5) (28.70) (8.71) (37.41) 

3.5 118.3 80.78 39.44 120.22 
(123.1) (24.62) (12.02) (36.64) 

4.0 109.8 75.00 45.41 120.41 
(114.3) (22.86) (13.84) (36. 70) 

4.5 102.5 70.02 50.04 120.06 
(106. 7) (21.34) (15.25) (36.59) 

5.0 97.1 66.28 55.65 121,93 
(101.0) (20.20) (16,96) (37.16 

Micro-lok 650 

2.0 198.7 135.70 23.52 159.22 
(206.8) (41.36) (7 .17) (48.53) 

2.5 167.0 114.05 27.99 142.04 
(173.8) (34.76) (8.53) (43.29) 

3.0 145.8 99.55 32.19 131.74 
(151. 7) (30.34) (9.81) (40.15) 

3.5 122.3 83.53 36.35 119.88 
(127.3) (25. 46) (11.08) (36.54) 

4.0 115.2 78.68 40.49 119.17 
(119.9) (23. 98) (12.34) (36.32) 

4.5 108.4 74.02 44.99 119.01 
(112. 8) (22.56) (13.71) (36. 27) 

5.0 102.3 69 .82 49.12 118.94 
(106.4) (21.28) (14,97) (36.25) 

Kaowool 650 

2.0 161.4 110.18 32.38 142.56 
(167.9) (33. 58) (9. 87) (43.45) 

2.5 135.7 92.66 40.65 133.31 
(141.2) (28. 24) (12.39) (40.63) 

3.0 119.5 81.63 48.26 129.89 
(124.4) (24.88) (14. 71) (39.59) 

3.5 101.8 69.49 56.24 125.73 
(105.9) (21.18) (17.14) (38.32) 

4.0 94.4 64.44 67.72 132.16 
(98.2) (19.64) (20.64) (40. 28) 

4.5 88.0 60.11 78.78 138.89 
(91.6) (18.32) (24.01) (42.33) 

5.0 82.6 56.43 89.80 146.23 
(86.0) (17 .20) (27.37) (44. 57) 
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3.1.5.2 Receiver Tower-Foundation - For the study of alternative re

ceiver tower foundations, the three configurations shown in Figure 

3.1-16 were investigated--mat, pile, and pier. The loads assumed for 

the study were based on Trial Tower Design No. 33 provided in the final 

report, Tower Cost Data for Solar Central Receiver Studies, prepared 

for Sandia Laboratories by Stearns-Roger Engineering Company, June 

1979. A mat design, such as evaluated by Stearns-Roger, although good 

for transmitting the seismic shear and wind shear to the soil, was re

jected as being too costly for the Exxon site. A driven pile founda

tion may be feasible but the requirements for predetermining pile 

length and long-lead time make this alternative unattractive. A pre

liminary conceptual design of the drilled pier foundation appears to be 

the best alternative; drilled piers offer the advantages of using local 

contractors, low mobilization costs, rapid construction, no formwork 

requirements for the piers themselves (although the pier cap requires 

formwork), practical reinforcement of the piers, a choice of pier dia

meters, and significantly, the embedment depth need not be accurately 

predetermined. 

L 
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Figure 3.1-16 Alternative Tower Foundations 
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3.1.5.3 Conclusions - The optimal alternative foundation design con
sists of four piers under each of the four legs of steel tower; each 
pier would be 1.2 m (4 ft) in diameter and approximately 9-m (30-ft) 
long. The pier cap would be approximately 6-m (20-ft) square and 0.9-m 
(3-ft) thick. 

3.2 SYSTEM SIZE 

The conceptual design solar power system is sized to produce, on an an
nual average, the same amount of energy as one 7.3-MWt (25-MBtu/h) fos
sil boiler. 

The projected requirement for steam at Edison for steam drive opera
tions is to steam 121 injection wells over a period of 26 years in 
leases E868699, E808701, E808794 and E808795. Four 7.3-MWt fossil 
boilers would be required. The level of retrofit has thus been set at 
25%. 

The nature of the steam drive process has much to do with the selection 
of this retrofit level. The oil sand region is rather insensitive to 
variations of the steam injection rate over time because of its large 
thermal mass and relatively low thermal conductivity. In general it is 
thought that within wide limits the total amount of steam injected over 
a period of time is a far more important determining factor of total 
oil production than the instantaneous steam injection rate. An upper 
limit for an acceptable steam injection rate exists. If steam is in
jected too quickly, steam channels will be formed near the top of the 
oil sand formation. The steam will simply pass through the channel to 
the producing well and very little oil will be produced. Channeling is 
apt to occur if the steam injection rate .is increased to about three or 
more times the normal continuous injection rate. (It must be stressed 
that there is enormous variation in the geology of oil formations not 
only between different fields, but also between different areas of the 
same field. Thus, when field behavior is discussed it must be under
stood to be only an approximate description of the behavior of any 
given set of wells. The only dependable method for determining the be
havior of a given group of wells in steam drive is to perform a long
term test.) Conversely, if.the injection rate drops to zero on a regu
lar basis (as in diurnal solar-only operation without storage), well 
bore heat loss can result in considerable thermal stress and strain in 
the steel injection tubing. This may cause the thermal packer to be 
dragged along the sides of the well bore. The packer usually will fail 
after only a few of these cycles, requiring replacement at a signifi
cant cost in time and money. Sand infiltration of the well bore may 
also result from cyclic injection. 

We have therefore decided that the TEOR operation should be designed to 
provide steam continuously to the wells for temperature maintenance and 
to limit the maximum steam injection rate to prevent channeling. This 
requires either a solar system with a significant amount of storage or 
a hybrid solar/fossil system. 

3-23 



At Edison, two fossil boilers that have already received operating 
permits are in use. Work has already begun to acquire and permit a 
third boiler. Since this process represents a considerable effort, it 
is felt that a solar system is best designed to supplement rather than 
displace existing capacity. 

The selection of this size solar system in a hybrid configuration in 
which all steam produced goes into a common header will result in steam 
flow rates of: 

1) 30,400 kg/h (67,000 lbm/h) from the three fossil boilers operating 
alone; 

2) 43,600 kg/h (96,100 lbm/h) solar peak; 

3) 9680 kg/h (21,350 lbm/h) solar average. 

The steam rate during peak operation is low enough to preclude channel
ing. Since we are dealing with 82% quality steam, the daily variation 
in flow rates requiring variation of pressure will result in some tem
perature cyc~ing. However, the effect is expected to be less than 
28°c (S0°F) over the course of a day, which will not produce signi
ficant thermal strain in the injection piping. Higher solar percent
ages were considered, but they would all require turndown of some 
heliostats or the use of thermal storage to reduce the peak noon steam
ing rates to acceptable levels. 

As part of our development plan, we propose experimental steam drive 
operations to investigate the effects of variable diurnal steam injec
tion at Edison. This would be in addition to the steam drive simula
tion analysis and testing already being conducted by Exxon. 

3.3 TECHNOLOGY 

The receiver fluid chosen is water/steam. This is logical since 82% 
quality steam is the desired end product and since required tempera
tures and pressures are relatively low so there is little to be gained 
by the use of an intermediate fluid loop. Solar-powered natural-recir
culation water boilers of this type have been successfully tested at 
Sandia and Odeillo, France by Martin Marietta. 

3.4 SYSTEM CONFIGURATION 

The central receiver solar thermal system selected for Edison includes 
a collector subsystem, a receiver subsystem and a field piping subsys
tem. Two subsystems notable for their absence in this conceptual de
sign are thermal storage and master control subsystems. The need for 
thermal storage is negated by two factors. Firs·t, the actual under
ground process of stimulating the flow and production of heavy crude 
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oil does not require a constant or continuous injection of steam. The 
oil-bearing formation itself is a very effective natural thermal stor
age device, having an exceedingly large thermal capacity and a low con
ductance for heat loss. Existing TEOR operations at Edison have demon
strated that enhanced recovery continues at a diminishing rate for 
periods up to a year after termination of steam injection into a parti
cular zone. Second, the planned operational mode for the solar thermal 
system will be to supplement the continuously operating fossil boilers 
whenever sufficient insolation is available. 

A totally integrated master control system is not required because 
there are no requirements of a critical nature for synchronization, se
quencing or coordination of activities between the solar thermal system 
and the power-consuming process, as occurs in an electrical utility or 
perhaps a more demanding process heat application. The fluctuations in 
steam flow rate and injection pressure that occur as the solar thermal 
system cycles in response to insolation changes do not affect either 
the TEOR process or operation of the fossil boilers. 

The configuration of the collector field, the tower elevation and re
ceiver geometry are mutually interrelated and were established in con
sideration of performance, economic and site-dependent factors. This 
process was described 1n some detail in Subsections 3.1.1 and 3.1.2. 

The selected receiver concept is a twin-cavity natural-circulation 
steam generator. The side-opening cavities, equipped with aperture 
doors, have a high energy absorption efficiency and low thermal losses, 
both while in operation and overnight when the cavity doors are 
closed. Natural circulation was selected because it is simple and 
easily adapted to the given cavity configuration. Also, natural circu
lation has a history of high reliability and eliminates the forced
circulation pump and associated costs. Natural circulation is inher
ently self-compensating for energy input variations, while a once
through design may have to rely on a complicated valving and control 
system to adjust the flows among the circuits. A natural-circulation 
receiver is also relatively tolerant of impure feedwater because of its 
large tubes, low tube-exit steam quality, large water inventory, and 
drum blowdown capability. 

The natural-circulation type of solar receiver has been well-proved 
through the design, construction, and test of two complete working 
units with 1- and 5-MWt capacities. These receivers have amply demon
strated thermal and hydraulic stability as well as ease of control 
under very severe transient and steady-state operating conditions. 
Both receivers have been operated using infrared lamp radiation to sim
ulate solar input, and the 1-MWt unit was operated very successfully in 
the environment of the CNRS solar furnace at Odeillo, France. 

The function of the field piping subsystem is to transport steam from 
the receiver outlet to the injection wellheads. Approximately 12 wells 
will be injected in parallel at any given time. This 12-well pattern 
will move gradually through the oil field at the rate of about 3 wells 
per year over the 26-year operational life of the system. The feeder 
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lines to each well connect to a common manifold that is fed jointly by 
the solar thermal system and the three fossil boilers. The routing of 
the trunk line from the receiver and the progression of the inJection 
well pattern have been established on the basis of minimizing total in
stalled length of pipe. Pipe diameters and insulation design were se
lected on the basis of minimizing costs while maintaining reasonable 
pressure drop and heat loss characteristics. 
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4.0 CONCEPTUAL DESIGN 

This section discusses all aspects of our concept for a solar thermal
enhanced oil recovery system at the Edison field. The total system 
will be described and the functional aspects, requirements, operational 
characteristics and performance, will be discussed. System costs, 
safety, environmental and regulatory issues and potential limiting con
siderations of system implementation will also be presented. 

4.1 SYSTEM DESCRIPTION 

This design concept utilizes the central receiver type of solar thermal 
power conversion technology to generate the steam necessary for recov
ery of the heavy crude oil at the Edison field. The major elements of 
the system are shown in Figure 4.1-1. The absence of a need for ther
mal storage and the moderate steam temperature required for the TEOR 
process results in a relatively simple system with well-defined inter
faces. The collector field consists of individually driven heliostats 
that reflect and concentrate the solar radiant power into a tower
mounted receiver. Water is pumped from an existing well at Edison, 
treated, and then piped to the receiver where the radiant input power 
is absorbed by the generation of steam. Water enters the receiver at 
15.60C (60°F) and steam exits at 2970c (5670F) with an 82% quality. 

The solar thermal system will be operated in parallel with existing 
crude oil-fired boilers. The planned operating mode is to use the crude 
oil-fired boilers continuously, and add receiver steam whenever suffi
cient insolation is available. Control and operation of the solar and 
fossil system will be essentially independent of one another, with the 
only physical interface being at the injection manifold. An alterna
tive mode could totally decouple the operation by using separate supply 
headers to service different groups of injection wells from the solar 
and fo•sil systems. 

The solar power system is sized to produce 29.3 MWt (100 MBtu/h) in the 
form of steam at the system design point (noon on February 27) at an 
insolation of 0.95 kW/m2. The cumulative annual energy production of 
55.87 x 103 MWht (190.674 MBtu) will provide about 25% of the total 
planned steam requirement at Edison. The option of building an identi
cal collector/receiver module on lease 808795 would increase the solar 
contribution to about 50% of the required process energy. 
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Figure 4.1-1 Process Saliematia 

The collector field consists of 818 heliostats arranged on lease 808794 
of the Edison oil field as shown in Figure 4.1-2. In the layout and 
placement of heliostats, it was necessary to include adequate clear
ances for oil well equipment and operational access. The heliostats 
are arranged generally in a 150° north circular sector to project 
power into a twin-cavity receiver. The quantity of 818 heliostats is 
based on the reflective area of 49.05 m2 (528 ft2) that was speci-
fied for this project. Heliostats of other sizes could be used in this 
system without greatly affecting the indicated boundaries of the col
lector field or the receiver design. For instance, if Martin Mari
etta's second-generation heliostat design at 56.9 m2 (612.5 ft2) in 
size were used, only about 705 units would be required, spaced at 
slightly greater intervals. However, 982 of the 40-m2 (430.6-ft) 
Barstow heliostats would be necessary, but would be installed at a 
smaller, spacing. The ultimate selection of a heliostat for this pro
ject will be made on the basis of the most proven and cost effective 
design available at the time the construction decision is made. 
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Figure 4.1-2 CoZZeator Field Boundary 

The receiver consists of a natural-circulation boiler configured in a 
twin-cavity arrangement as shown in the simplified plan view of Figure 
4.1-3. The interior surfaces of the receiver consist of tube panels 
for water preheat and boiling. Each of the two apertures is 5.5-m 
(18-ft) square and accepts power from half the collector field. The 
normal to each aperture is displaced by 0.65 rad (37.50) to each side 
of the north direction. The external surfaces are completely insul
ated to minimize heat loss. Insulated doors are provided to close 
over the apertures for heat retention during overnight shutdown and 
cloudy periods, thereby enabling morning startups to be initiated from 
a hot standby condition. The receiver is mounted on a 90-m (297-ft) 
steel tower located at the apex of the southern boundary of the collec
tor field. 

A field piping subsystem serves to transport steam from the receiver to 
the reservoir injection points and to interface with the crude oil
fired boilers. The piping concept combines fixed trunk lines with a 
minimum total length and cost. The piping is sized for optimum pres
sure drop, is insulated to limit thermal loss and includes accommoda
tion for expansion and contraction with temperature changes. 
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4.2 FUNCTIONAL REQUIREMENTS 

The fundamental requirement for the solar thermal power system is to 
supply steam at a pressure between 5516 and 6895 kPa (800 and 1000 
psia) to a pattern of injection wells to enhance the rate of crude oil 
production at the Edison field. Temperature of the steam delivered 
will range between 270 and 2850C (518 and 545°F) and the quality 
must be between 75 and 100%. Peak power output in the form of steam 
must be 29.3 MWt (1000 MBtu/h) at the design point of noon on February 
27 at an insolation of 0.95 kW/m2. 

Since this system will operate in conjunction with existing crude oil
fired boilers and the EOR process is insensitive to diurnal variation 
in steam injection rates, it is not necessary that solar-generated pow
er be available at night or during cloudy periods. Therefore no ther
mal storage system is required or provided. The system must be relia
bly available to operate whenever the insolation is at a sufficient 
level (above 0.1 kW/m2). The system must respond to insolation 
transients during clear and intermittently cloudy days and must func
tion, with minimal maintenance and repair, for the 26-year design life
time. All equipment must endure the climatic and seismic environments 
that occur in the Bakersfield locale. 
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It is very important that the system can be installed and operated in 
concert with the normal ongoing activities at the Edison field. There 
should be a minimal impact on existing methods of operation and provi
sions should be included for future planned activities at the site. 
All hardware, including collector field, receiver and field piping, 
must be designed and located to not interfere with the operation or ac
cess to process equipment and to minimize the probability of damage be
ing incurred by process equipment and personnel. In the design and/or 
selection of hardware, employing the existing skills found at the Edi
son site for maintenance, repair and operation of the solar power sys
tem should be considered as far as possible. 

Instrumentation and controls for operating the solar power system 
should be of normal commercial technology. Control functions and pro
cedures should be uncomplicated and require minimum personnel. Physi
cal and operational interfaces between the solar and oil-fired power 
systems should be minimized. The system should be fully controllable 
in an automatic mode, with an operator override capability where desi
rable or necessary. Adequate provisions for caution and warning alarms 
and corrective actions in response to system malfunctions must be in
cluded. 

A complete definition of the detailed requirements is contained in Ap
pendix C. Table 4.2-1 briefly summarizes the significant quantitative 
requirements and operating parameters. 

Tab-7,e 4. 2-1 Solar System Design/OpePating 
CharactePistics 

Receiver Type 

Fluid 

Output Capacity 

Material 

Absorber Area 

Boiler Area 

Preheater Area 

Peak Incident Flux, Boiler 

Peak Tube Temperature, Boiler 

Steam Design Outlet Conditions 

Temperature 

Pressure 

Flow Rate 

Tower Type 

Height 

Helios tats 

Field Configuration 

Size 

Number 

Field Piping 

Header Piping Size 

Branch Piping Size 

Thermal Expansion Type 

Natural Circulation 

Water/Steam 

29,3 MWt (100 x 106 Btu/h) 

Carbon Steel 

135,3 m2 (1457 ft 2) 

81,1 m2 (873 ft 2 ) 

54,2 m2 '(584 ft 2 ) 

69.7 W/cm2 (220,900 Btu/h-ft2 ) 

390°C (734°F) 

297°C (567°F) 

827 MPa (1200 psia) 

43.59 mg/h (96.1 x 103 lb/h) 

Structural Steel 

90 m (295 ft) 

2,62 rad (150°) North, Radial 
Staggered Array 

49,05 m2 (528 ft 2) 

818 

15,2 cm (6 in,) 

7,6 cm() in.) 

Barco 
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4.3 DESIGN AND OPERATING CHARACTERISTICS 

4.3.1 General Process Characteristics 

The solar-generated steam will be used in parallel with crude-fired 
boilers for the steam drive operations scheduled to begin in 1985-
1986. The crude-fired boilers will operate continuously, while the 
solar central receiver will produce steam whenever there is sufficient 
insolation. In steam drive, approximately 67.6 to 75.5 m3 (425 to 
475 bbl) of water per day in the form of steam is injected into each of 
a pattern of injection wells. Production wells are interspersed among 
the injection wells in 1012-m2 (2 1/2-acre) 5-spot patterms (Fig. 
4.3-1). This will require considerable infilling of new wells at Edi
son as illustrated in Figure 4.3-2. 

The steam lowers crude oil viscosity and increases formation pressure, 
causing oil to flow out of the production wells (Fig. 4.3-3). At Edi
son it is estimated that each pattern would produce all oil recoverable 
by this technique in about three years. Then the steam lines would be 
installed on an adjacent pattern and the process repeated until the 
field is depleted. The performance of the process is quite sensitive 
to local variations in geology. 

This process of steam drive (also called steam flooding) is basically a 
displacement process within the oil-bearing formation (Fig. 4.3-4). 
When steam is injected into the ground, a steam-saturated zone is form
ed near the injection point. A thermal packer (Fig. 4.3-3) blocks the 
annular space between the injection tube and the well casing, thus pre
venting the steam from escaping back up the well bore. As the steam 
permeats the formation, mixing with crude oil and forcing it along, 
heat loss causes condensation to begin to take place. A hot zone will 
extend radially outward to the point where essentially all the steam 
has been condensed, beyond which the temperature will begin to decrease 
with continuing heat loss. In the hot zone some of the lighter crude 
oil components may be distilled; the resulting gas then assists in the 
drive process. The condensate mixes with the oil, further reducing its 
viscosity. The water/oil mixture continues to be forced outward by the 
inflow of steam until it approaches a production well where the mixture 
is extracted. The mixture is routed to settling tanks where it is se
parated; the oil is transported to a refinery and the water is returned 
to the ground via a waste-water well. The enhancement.of heavy crude 
oil recovery is actually a combination of several effects. The changes 
in reservoir temperature, pressure, viscosity and permeability brought 
about by the steam injection process are all important factors. 

Current plans for Edison call for steaming the most productive section 
of the field (Fig. 4.3-2) at a rate of 954 m3/day (6000 bbl water/ 
day) of steam into 12 to 14 injection wells at a time over a period of 
26 years. Using current oil-fired boiler technology, approximately 
11.9 m3 (75 bbl) of crude oil are required to produce 159 m3 (1000 
bbl) of steam for injection. In addition, 0.85 m3 (5.2 bbl) of 
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diesel fuel or 4800 kWh of electricity are consumed for every 159 m3 
(1000 bbl) of steam injected. This does not include energy for water 
purification or raw material transport, which would be similar for both 
fossil and solar systems. This steaming rate would require the use of 
four fossil-fired 7.33-MWt (25-MBtu/h) boilers operating at an antici
pated 95% service factor. 

4.3.2 Operating Modes and Controls 

Among the advantages of using solar thermal power technology in TEOR 
applications is the relative physical and operating independence be
tween the solar and the fossil power conversion systems. With the ab
sence of thermal storage (o,ther than the oil reservoir itself) and no 
critical process conditions to maintain on a precise schedule, devising 
sophisticated control sequences is not necessary. 
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Figure 4.3-3 Steam Drive 
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The system schematic shown in Figure 4.3-5 illustrates the necessary 
system-level controls and is useful in describing the various operating 
modes. Normal operation of the process will entail the following basic 
operating modes for the solar power system: 

1) Cold startup - The system is started when the receiver is at near
ambient pressure and temperature after an extended shutdown due to 
multiple sunless days or equipment repair. Solar power must be 
brought on gradually in a defined sequence; 
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2) Hot startup - This is the dominant mode of startup on a daily bas
is. After a single night of shutdown, the insulated receiver re
mains in a hot, pressurized condition the next morning and can im
mediately react to full solar input at startup; 

3) Steady-state operation - This mode begins when nominal operating 
pressure and temperature are reached after either a cold or hot 
startup has been completed, and continues until either a normal or 
an emergency shutdown is initiated. During steady-state operation 
the system will react to the normal insolation transients occurring 
over a typical day; 

4) Normal shutdown - The system is brought to an anticipated shutdown 
brought about by insufficient insolation at the end of a day, 
cloudiness or by a noncritical malfunction somewhere in the sys
tem. The shutdown terminates in the normal stow condition for all 
subsystems; 

5) Emergency shutdown - The system is brought to an unanticipated 
shutdown caused by a critical malfunction. The collector field is 
directed to a safe standby condition, which removes all heat flux 
from receiver and tower; 

6) Standby - This mode defines a condition in which the collector sys
tem is fully operational but the receiver is shut down. The col
lector field is tracking two points in space--half the heliostats 
track a point slightly to the east of the receiver and half track a 
point just west of the receiver. This is an intermediate mode from 
which insolation can be quickly applied to the receiver or from 
which the collector system can proced to the stow condition. 
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The instrumentation and control functions necessary to monitor and 
maintain the various operating modes are relatively uncomplicated as 
compared to an electric power plant or a more complex industrial proc
ess application coupled to a solar thermal power system. First of all 
the fossil and solar power systems will be controlled independently 
from one another, precluding the need for an integrated master control 
system. Each fossil boiler, being a self-contained packaged unit, will 
operate continuously and be controlled by its own independent control 
system as is now done. As shown in Figure 4. 3-5, · the only interface 
between the fossil boilers and the receiver is the steam injection man
ifold. Each steam source--the receiver and each of the .three fossil 
boilers--is connected to the manifold through an isolation valve, al
lowing independent shutdown and startup of each unit. The steam drive 
process within the oil reservoir is unaffected by the fluctuations in 
flow as the solar power system cycles up and down each day. 

Although the receiver and collector field controls will both be located 
within the system support building and will be operated by a single 
solar equipment operator, these two subsystems will be operated largely 
independent of one another. The collector controls govern operation of 
heliostat drive motors in response to computer commands as dictated by 
the operating mode. Proper collector control software will assure that 
radiant power is brought onto the receiver in an acceptable sequence 
during system startup. The receiver controls consist of elements to 
govern feedwater flow, drum blowdown rate and output pressure. Each of 
these functions is automatically controlled in accordance with input 
set points. The control panel will also include provisions for actua
tion of the cavity doors just before startup and at completion of shut
down. 

Coupling between the collector and receiver controls is necessary pri
marily for emergency action purposes. For instance, an overpressure 
condition sensed within the receiver mus.t. initiate an immediate reac
tion in the collectot controls to drive the heliostats off the receiver 
to standby. A ~ore indepth evaluation of control philosophy will be 
performed during the system detail design to determine the advisability 
of additional coupling of receiver and collector controls during normal 
operating modes. Such activities as aperture door actuations and iso
lation valve operations could be integrated with collector field se
quencing during startup and shutdown of the system if economic and/or 
safety benefits can be derived. 

Instrumentation will be provided to sense the various parameters neces
sary for operation of the solar power system controls. Collector sub
system instrumentation consists of azimuth and elevation position en
coders for each heliostat. Within the receiver, transducers will be 
installed to monitor the feedwater flow rate, steam output flow rate, 
drum water level, drum blowdown flow rate, steam outlet pressure and 
the position of all control valves. In the field piping subsystem, 
pressure will be sensed at the steam injection manifold. 
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4.4 SITE REQUIREMENTS 

The site as it now exists is almost ideally suited to installation of a 
central receiver solar thermal power system. The only modification of 
any consequence required is the removal of an overhead electric power 
line, which can be rerouted entirely or reinstalled in a ground-level 
conduit. The terrain is flat, with a slight tilt of 0.015 rad 
(0.36°), and will require no grading or surface preparation. No ex
isting facilities must be modified to accommodate the solar power sys
tem. New facilities will include the collector field, the towermounted 
receiver, the field piping and a system support building that will 
house a control room along with maintenance and storage areas. 

A plot plan of lease 808794 containing the collector/receiver module is 
shown in Figure 4.1-2. Constraints for location of solar equipment in
clude the requirement for a 21-m (70-ft) setback observance for proper
ty boundaries and the tank farm located at the north central edge. Al
so, a clearance radius of 9.1 m (30 ft) must be maintained around each 
producing and injection well for maintenance access. 

4.5 SYSTEM PREFORMANCE 

The design point and annual performance of the selected STEOR retrofit 
conceptual design has been evaluated using three computer models--MIR
VAL, TRASYS and STEAEC. The performance of the individual solar sub
systems were modeled separately, with the results input into the STEAEC 
system simulation program, together with insolation and weather data, 
to model the annual performance of the system. 

As discussed further in Section 5.1, the collector subsystem perfor
mance was evaluated using the MIRVAL Monte Carlo computer program. The 
collector field performance, as defined by the ratio of solar radiation 
entering the receiver to the total available insolation incident on ,the 
collector area, was calculated for a matrix of seven sun azimuth angles· 
and six sun elevation angles, as well as for the sun position at noon, 
day 58 for the site. As discussed further in Section 5.2, the receiver 
losses were evaluated using the TRASYS thermal radiation analysis mod
el, again for the design point and off-design cases. •Based on the 
field piping and insulation optimization studies, thermal losses in the 
downcomer and field piping were also estimated. 

The resulting design point system performance stairstep is shown in 
Figure 4.5-1. Assuming a reference direct normal insolation value of 
950 W/m2 (301.22 Btu/h ft2), the system efficiency at the design 
point is 76.9%. 

4-12 



N ..... . 

100% 

-N a 
~ 
0 
LI"\ 
O'I .._,, 
~ 
0 

•r-1 
~ 
m ..... 
0 m 
~ 
~ 
0 m 
~ 

•r-1 
A 

N ..... . 
CX) 

M 

100% 

) 
0 
~ m 
~ 
~ 

~ m 
) 
0 
H 
m m m 
H 

1.00 

O'I 
O'I 

LI"\ 
M 

94.2% 

m 
~ 
~ 
0 u 
m 
m m 
H 

.9442 

O'I 
M . 
N 
M 

84.8% 

~ 
~ 
•r-1 
> 

•r-1 
~ 
0 m ..... 

4-1 m 
~ 

m 
~ m 
H 

.90 

i 
O'I 
N . 
N 
M 

84.5% 

~ -~ 
~ 
0 
0 ..... 
~ 

~ 

~ 
~ .s 
~ 
~ m 
~ 
~ 

m 
m 
m 
H 

.997 

~ i ~ ~ N 
LI"\ ~ . ..... N ~ ..... . "' N i M ..... . M 

M 0 . 
82.5% M O'I 0 

81.6% 80.3% N M . 
76.9% O'I 

N 

76.9% 
~ 
0 

•r-1 
~ ..... 
~ a ~· 
0 m ] ~ ~ ~ 

0 H m 
•r-1 0 
~ m ~ ~ H m M m m 
~ m > > M-
~ ..... •r-1 ~ ~ ~ m ..... m m 
~ •r-1 0 0 ~ m 
~ ~ m m ~ a 
< ~ ~ ~ m ~ 8 m 

m $ m m m m ~ m m m ~ m m o m m m m 0 ~e H H H H H 

.976 .987 .984 .957 .999 

Figure 4.5-1 
Design Point Effiaienaies, 950 W/m 2 Insotation (Day 58, Noon) 

The annual system performance was evaluated using the STEAEC system 
model, which simulates the performance of the system using 15-minute 
time steps and a site weather data tape. For the site weather data 
(insolation, wind speed and direction, temperature and pressure), the 
SOLMET typical meteorological year (TMY) weather data base was chosen. 
Because no TMY exists for the Bakersfield, CA area, the TMY data tape 
for Fresno, CA was used. As discussed in Section 2.5, Fresno is ap
proximately 100 mi northeast of the selected retrofit site, but is non
theless representative of the San Joaquin Valley region. This assump
tion has been validated for a single day using total horizontal and 
direct normal insolation measurements currently being taken at the site 
by Exxon. For a typical clear day (2/2/80), the daily direct normal 
insolation was measured at 6.24 kWh/m2~ as compared with a SOLMET TMY 
clear February day value of 6.14 kWh/m. The S0LMET data, recorded 
on the tape at 1-hour intervals, were converted to 15-minute interval 
data using linear interpolation techniques before input to the STEAEC 
model for a more realistic evaluation of system performance, These 
S0LMET data yield an average daily direct normal insolation value of 
6.21 kWh/m2/day. The annual system performance stairstep is shown in 
Figure 4.5-2. 
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The annual energy derived from the solar subsystem and delivered to the 
injection wells, as shown in the figure, is 55.870 MWt (190,684 MBtu), 
yielding an annual net solar system efficiency of 61.5%. 

As will be discussed further in Section 6.0, this annual output of 
55,870 MWht is equivalent to 85.7 x 106 kg (189 Mlbm) of steam in
jected in the field. Using conventional ,g_i.1-fired steamer technology 
as typified by the Struthers Thermoflood'-!Y 25 with scrubbers, 6852 m3 
(43,092 bbl) per year of oil would be consumed to produce an equal 
amount of injection steam of the same quality. 

4.6 PROJECT CAPITAL COST SUMMARY 

This section presents a sunanation of the capital cost estimates devel
oped for the solar thermal EOR retrofit concept. As the validity of 
the capital cost estimates is reflected directly in the economic via
bility of the concept design, detailed cost worksheets have been made 
for each major component to ensure realistic estimates. 
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These cost worksheets can be found in Section 5.3 of the System Re
quirements Specification (SRS), Appendix C, to this report, as well as 
detailed definitions of the various direct and indirect cost accounts. 

4.6.1 Costing Ground Rules 

A STEOR cost account breakdown is provided in Table 4.6-1. This ac
count structure has fewer major accounts than most solar power projects 
since the STEOR system does not require any provision for additional 
fossil energy equipment (5600), energy storage (5700) or an electric 
power generation subsystem (5800). The major cost accounts are further 
illustrated in Figure 4.6-1, describing the major functional costing 
boundaries, and additional definition of the major equipment in each 
account is contained in Section 5.3 of Appendix C. 

TabZe 4.6-1 STEOR Cost Aaaounts 

5000 Solar Retrofit System Construction Cost 

5100 Site Modifications 

5200 Site Facilities 

5300 Collector Subsystem 

5400 Receiver Subsystem 

5500 Plant Control Subsystem 

5900 Process Heat Subsystem 

l l 

1/V 

Receiver 
5411 
5412 

'i(ollm;( -Jr ~eld :or J,' 
5300 

Water 

Well 
Water 

Water 

Riser 
5420 

Feedwater 
Pump 
5413 

Downcomer 
5420 

Tower 
5440 

,-Fossil 
Plant 

/ Fossil -/ Plant 

Steam 
Injection 
Wells 

Figure 4.6-1 Major Equipment Cost Aaaounts 
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A detailed listing of the criteria used in estimating the construction 
cost can also be found in Appendix C. Table 4.6-2 sununarizes the major 
assumptions made in the costing task. 

Tabte 4.6-2 Cost Estimate Ground Rutes 

- All costs expressed in 1980$. 

- Plant costing location is Bakersfield, CA for material 
prices and wage rates. 

- All cost estimates are for installed and checked out 
equipment. 

- Sales taxes and allowance for funds during construction 
(AFDC) not included. 

- Design contingency not included in estimate. 

- All indirects included per SRS worksheets. 

4.6.2 Project·Capital Cost Estimate 

Based on the ground rules discussed in the SRS and the previous subsec
tion, a construction cost of $14,033,467 has been estimated for the 
STEOR retrofit project. The account breakdown of this estimate is 
shown by major subsystem in Figure 4.6-2 and is tabulated to an ex
panded cost account structure in Table 4.6-3. 

Collector ($230/m2), 
$9,228,000' 

Site Modifications 
and Facilities, $957,000 

Receiver, $2,386,000 

Total Plant Cost: $14,033,000 

hlater Treatment, $389,000 

Tower, $736,000 

Plant Control, $135,000 

._ Field Piping, $136,000 

Figure 4. 6-2 STEOR Construction Cost Estimate ·(1980$) 
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Table 4.6-3 STEOR Cost Estimate (1980$) 

5100 Site Modification $ 56,066 

5120 Yard Work 56,000 

5200 Site Facilities $ 901,185 

5210 Operations and Maintenance 675,285 

5220 Security 225,900 

5300 Collector Subsystem ($230/m) $ 9,228,267 

5400 Receiver Subsystem $ 3,577,336 

5410 Receiver Unit 2,386,233 

5420 Tower Piping 66,178 

5430 Water Treatment 388,622 

5440 Tower 736,303 

5500 Plant Control Subsystem $ 135,250 

5900 Process Heat Subsystem $ 135,363 

5910 Field Piping 135,363 

5000 Plant Construction Cost $14,033,467 

As Figure 4,6-2 shows, over 65% of the STEOR total cost is the collec
tor subsystem, using an installed cost of $230/m2, or $11,281.50/ 
heliostat. This cost includes all heliostat-related costs such as 
foundations, installation, wiring and computers as provided by Sandia 
Laboratories in a November 6, 1979 memorandum, Technical Assumptions 
for the Repowering/Industrial retrofit Conceptual Design Studies. 
There is some thought that a more realistic heliostat cost would be 
$260 to $275/m2; however, the economic analyses discussed in Section 
6.0 show STEOR heliostat break-even costs (including 15% rate of re
turn) above $300/m2. 

All costs shown in Table 4.6-3 and Figure 4.6-2 include field indir
ects, home office costs, contingency and fee. The detailed cost work
sheets for each cost account and subaccount are contained in Section 
5.3 of Appendix C, System Requirements Specification. 

4.7 OPERATING AND MAINTENANCE COSTS AND CONSIDERATIONS 

This section presents a summation of the annual operation and mainten
ance cost estimate for the solar thermal EOR system at the Edison 
site. As with the capital cost estimates, the validity of the economic 
analyses to be discussed in Section 6.0 depends to a large extent on 
realistic estimates of operating and maintenance costs. To achieve ac
curate cost estimates, the personnel required for operating and main
taining the STEOR system, as well as the operating consumables and 
maintenance materials, have been estimated and costed separately on the 
cost worksheets given in Section 5.3 of Appendix C. 
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The annual operating and maintenance cost estimates are summarized in 
Table 4.7-1. The estimates include a 7% overhead charge assessed on 
all recurring costs at the Edison site. Each of the major recurring 
cost items will be discussed in the following subsections. 

Table 4.?-1 
STEOR Operations and Maintenance Cost Summary (1980$) 

OMlOO Operations 

OMllO Operating Personnel 

OM120 Operating Consumables 

OM200 Maintenance Materials 

OM210 Spare Parts and Materials 

OM300 Maintenance Labor 

OM310 Scheduled Maintenance 

Total Yearly Operations and Maintenance 

4.7.1 Operating Personnel 

203,856 

79,448 

30,698 

66,361 

$283,304 

$ 30,698 

$ 66,361 

$380,363 

The manning requirements for the STEOR system are identified as operat
ing personnel and maintenance personnel. A level of 1.5 operators for 
two shifts (one per shift, and one overlapping) each day of the year 
(including holidays) was estimated to be required for system opera
tions, plus an additional two maintenance personnel working standard 
40-hour weeks for maintenance tasks. 

4.7.2 Operating Consumables 

The cost estimate for this account is split approximately evenly be
tween chemicals for water treatment and electricity consumption for 
normal STEOR system operations. 

4.7.3 Maintenance-Materials 

In addition to normal spare parts and maintenance materials, this ac
count includes the field piping that must be added to the steam network 
due to steaming pattern movement (i.e., from the nearest.injection ar
ray to the farthest array over the life of the field). 

4.7.4 Scheduled Maintenance 

This account includes two subcontracted periodic maintenance opera
tions--heliostat washing and heliostat removal/replacement for well op
erations. Heliostat washing frequency is an unknown at this stage of 
the study; however, based on existing literature on heliostat washing 
costs, an estimate of $50/heliostat/year for washing was included. Be
cause the site is a working oil field, provisions have been made for 
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removal of heliostats from their foundations to allow sufficient clear
ance around wells in the heliostat field for well operations, including 
the infilling of new steam injection wells during the first three years 
of operations. The level of heliostat removal/replacement is expected 
to fall drastically after infilling is completed; however, to allow for 
unforeseen well operations over the life of the plant, the annual main
tenance cost was not decreased. 

4.8 SYSTEM SAFETY 

The potential system safety implications can be subdivided into hazards 
to operating and maintenance personnel and hazards to the general pub
lic. In each of these cases the type of hazards can be identified as: 

1) Visual hazards of reflected solar energy; 

2) Releases of pressurized water and steam; 

3) Catastrophic failure of equipment including pressure vessels. 

To minimize the danger of stray reflected solar energy, an "always fo
cused" operations strategy similar to that used at the CRTF would be 
employed. This strategy also results in limiting the area of concen
trated energy to no more than twice the tower height, thus eliminating 
danger to aircraft (Fig. 4.8-1). 

A fence surrounding the site will shield the two adjoining local roads 
(aermosa Road and Tejon Highway) from glare and restrict unauthorized 
access to the site. 

During operations, plant personnel will be excluded from the field and 
tower area. All nonemergency maintenance and operating activities in 
these areas will be done at night. Goggles and protective clothing 
will be worn whenever personnel must be present in an operating or un
stowed field. 

The receiver fluid (water) poses no toxic threat. Failure of receiver 
pressure parts during operation poses little danger since personnel 
will not be present. All equipment and pressure parts will be designed 
and built in strict accordance with the ASME Boiler and Pressure Vessel 
Code to minimize the possibility of failure. The failure of a tube in 
the receiver would release pressurized water that would flash and cool 
before hitting the ground. 

Safety valves, overpressure alarms, a low-water-level sensor in the 
steam drum, and overtemperature alarms will be used to alert the opera
tor to take appropriate action or to initiate automatic corrective 
action. 
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' ' ' ' ' ' ' ' ' ' ' Standby(s) 

- 1 Sun 

Tower 

Figure 4.8-1 CoZZeator FieZd Standby Condition 

2(h) 

In the receiver tower, ample platforms, stairways, and ladders will be 
provided in accordance with OSHA regulations to permit convenient ac
cess to all areas requiring regular maintenance. 

The tower will be lighted in accordance with FAA regulations. Oil well 
and field maintenance operations will only be carried out during per
iods when the solar system is not operating. 

4.9 PROJECT ENVIRONMENTAL IMPACT ESTIMATE 

The proposed site is currently in active oil production. The land sur
face is also being used for agricultural purposes. 

The primary land use effect would be to remove about 80 acres of farm
land from production. Ground water currently available and being used 
for steam stimulation activities at the site is sufficient for the pro
posed steam drive operations. 
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4.10 

The use of this solar power system will eliminate one fossil-fueled 
boiler, out of four planned for the site, and reduce air pollution 
emissions accordingly. This will also reduce the particulate emissions 
associated with agricultural operations at the site. 

The chief visual impact will be the receiver tower, which will stand 
out against the flat landscape and be visible for several miles. 

The effect on local society will be minimal. Bakersfield, a large in
dustrial city, is only a few miles distant and is well able to support 
the extra people and services the facility would require. 

After the construction phase is completed, the system will produce lit
tle noise. 

Accidental release of the receiver fluid, water, will have no adverse 
effects. 

INSTITUTIONAL AND REGULATORY CONSIDERATIONS 

The regulatory bodies who have authority at t.he site have been con
tacted. Copies of mentioned forms are included in Appendix C. In ad
dition to those listed, a Federal Environmental Impact Report would be 
required if government funds were involved: 

1) The receiver tower will require a zone variance from the Kern 
County Planning Department. Two for.ms are required. The applica
tion requires a description of the project, of the property, three 
copies of a plot plan, and submittal of an Environmental Assessment 
form; 

2) The FAA must approve any construction greater than 61 m (200 ft) 
above ground level. FAA form 7460-1 must be filed 30 days before 
the application to construct is filed. A map showing the relation
ship of the site to the nearest airport is required; 

3) Building permits are required by the Kern County Building Inspec
tion Office for the operator's building/heliostat structures and 
the tower. Two sets of design and plot plans approved by a Cali
fornia registered civil engineer must be included for the heliostat 
foundation and the tower. 

The following agencies do not require permits to be issued: 

1) Division of Oil and Gas: 

2) Kern County Air Pollution Central Board: 

3) California Air Resources Board. 
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5.0 SUBSYSTEM CHARACTERISTICS 

5.1 COLLECTOR SUBSYSTEM 

This section details the key design and operation characteristics of 
the collector subsystem design developed for the STEOR system at the 
Edison field. The coltector subsystem consists of: 

1) Heliostats, including reflective surface, structural support, drive 
units, control sensors, pedestals, foundations, and cabling; 

2) Controllers, including heliostat, heliostat array, field control
lers, interface electronics, and power supplies; 

3) Support equipment for alignment, washing, operations and mainte-
nance, and installation and removal. 

The collector subsystem design for the STEOR project is the result of 
collector/receiver configuration tradeoff studies and further collector 
field optimizations based on the results of configuration tradeoff 
studies. 

5.1.1 Collector Subsystem Requirements 

The primary requirement for the collector subsystem is to direct solar 
radiation onto the receiver absorber surfaces during all insolation pe
riods in a cost effective manner that satifies the receiver incident 
heat flux requirements. For the se.lected STEOR system configuration, a 
design point requirement of not less than 31.2 MWt of redirected solar 
energy inside the receiver apertures at a reference insolation level of 
950 W/m2 (301.22 Btu/h-ft2) has been imposed to enable calculation of 
the collector subsystem size. 

The collector subsystem must also execute alternative drive modes in 
response to commands from the master control subsystem for emergency 
defocusing of the reflected energy or to protect the heliostat array 
against environmental extremes. The heliostat must be properly posi
tioned for repair or maintenance in response to either master control 
or local commands. Heliostat design must provide for a stowed or safe 
position for use at night, during periodic maintenance and during ad
verse weather conditions. 

The heliostats, cabling and controllers must meet all environmental/ 
operational requirements detailed in the Collector Subsystem Require
ments, Rev C, A10772. 
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5.1.2 Collector Subsystem Design Description 

The collector subsystem conceptual design description has been divided 
into two components for discussion. The first component is the helio
stat design, including wiring, control and support equipment. The sec
ond component is the final collector field configuration, which has 
been optimized using the heliostat design characteristics and based on 
the tower height and receiver configuration selected on the basis of 
the parametric analysis results discussed in Subsection 3.1.1. 

5.1.2.1 Heliostat Desifn Description - Because this study was intended 
to examine the design o the solar subsystems peculiar to the particu
lar repowering/retrofit application, the heliostat design characteris
tics were provided by Sandia Laboratories (Livermore) early in the 
study. The key heliostat characteristics, as given in the November 6, 
1979 memo, Technical Assumptions for Repowering/lndustrial Retrofit 
Conceptual Design Studies, are shown in Table 5.1-1. 

TabZe 5.1-1 HeZiostat Design Cha.raateristias 
- 12-Facet, Glass/Steel, Inverting Stow Design 

- Pedestal Foundation 

- 49.05 m2 (528 ft 2) Reflective Area 

- 7.416 m (24.33 ft) x 7.378 m (24.20 ft) Overall Dimensions 

- Performance Parameters 

- 0.90 Reflectivity 

- 2.0-mrad Beam Quality (Reflected Beam, 1 sigma) 

- 1.5-mrad Pointing Error (Reflected Beam, 1 sigma) 

5il.2~2 Collector Control Subsystem - The collector control subsystem 
(CCS) will be based on the technology for the Barstow 10-MWe pilot 
plant collector subsystem. Modification$ will be in terms of fewer 
heliostats, larger heliostats, different field layout, and different 
interfaces with other plant subsystems. The CCS general characteris
tics are given in Table 5.1-2. The CCS control philosophy is automatic 
with a direct-control override capability. The control console in
cludes color video displays and keyboard input and the CGS uses all 
digital data bus communications. There are external displays, flashing 
displays on the video screen, and audio alarms for warning purposes. 

The primary interface will be with the receiver substystem to initiate 
standby mode in the event of a receiver shutdown or overpressure condi
tion. The collector controls must also be capable of initiateing emer
gency heliostat stow whenever wind velocity exceeds operational lim
its. Local (ccs console) modes include: 

5-2 



1) Field activation; 4) Position for beam characterization; 

2) Stow; 5) Position for maintenance; 

3) Position for wash; 6) Emergency actions. 

TabZe 5.1-2 CoZZeator Control Subsystem Charaateristias 

- All Operator's Console Displays Alphanumerics 

- Auxiliary Displays of Total Field Status and Selectable 
Field Segment Status 

- Collector Field Divided into Segments, Rings, and Wedges 

- Operator's Console Displays - Alarms, Warnings, Status 
and Commands 

- Time Base Included 

- Redundant Modcomp Computers 

- MAXNET IV Operating System 

- Asynchronous Data Links 

- Data Logging via Disk and Hardcopy 

- One Major Data Dump to Data Acquisition System Each Day 

The heliostats can also be controlled individually at their site by a 
portable controller called a stimulator. This technique is used during 
maintenance. The computations related to beam characterization will be 
performed in the OCS minicomputer. 

5.1.2.3 Collector Field Design Description - The final collector field 
layout is the result of using the RCELL collector field optimization 
programs to calculate the optimum heliostat spacings and superimposing 
physical site constraints (i.e., oil wells) to determine the permissi
ble heliostat locations. 

The University of Houston RCELL optimizer was run to calculate the op
timum heliostat spacings using the optimum 90 m tower height determined 
during the parametric analyses, and modeling the receiver as a 6.0 m 
radius cylindrical receiver. The RCELL optimization output included 
the radial and azimuthal field coefficients, which were then input to 
the LAYOUT program, resulting in the heliostat coordinates for a sur
rounding field. This field was then trimmed to a 2.62 rad (150°) 
north field consisting of 812 heliostats. 

The location (coordinates) of the heliostats as calculated by the LAY
OUT program provides sufficient spacing between the heliostats for eli
mination of mirror physical interference and permits access by service 
vehicles and maintenance personnel. +he minimum spacing between any 
two adjacent heliostat foundations in the fields is 10.77 m (35.33 ft), 
allowing a 0.3-m (1,0-ft) clearance between the reflective surfaces in 
any orientation, as shown in Figure 5.1-1. 
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However, the hiliostat spacings as output by LAYOUT do not account for 
the minimum clearance requirement of 9 m (30 ft) around each produc
tion or injection well. The well locations were superimposed on the 
heliostat, with the heliostats violating well clearances displaced to 
unused locations on the periphery of the field with a corresponding re
duction in heliostat efficiency. To overcome the resulting reduced 
power input to the receiver due to a lower average field efficienty, 
six heliostats were added, again to the periphery of the field, to sat
isfy the design point power requirement. 

Row 3 

Row 2 9.45A 
(30.99 ft) ' 

11.69 m 
Row 1 (38 .36 ft) 

"' ~~:2~ ft) 

~ 10.77 m 
~(35.32 ft) 

v~~2mft) 

\ 
k" 

\ 
Figure 5.1-1 Aaaess CZearanae 

In addition to well clearance, roads are required to provide normal oil 
well servicing. These roads are 9-m (30-ft) wide. Rather than use 
east-west roads, which would displace many heliostats, roads would be 
established between heliostat rows. Only one area does not meet the 
9-m (30-ft) road requirement and that is the space between rows 1 and 2 
as shown in Figure 5.1-1. This does not present any problem because 
there are no wells between these two rows. 
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The final collector field configuration, consisting of a single 
2.62-rad (150°) north field with 818 heliostats (total reflective 
area of 40123 m2 (431,880 ft2) is shown if Figure 5.1-2. The X-Y 
coordinates of the heliostat locations are tabulated in the Systems Re
quirements Specification, Appendix C, with the origin of the coordinate 
system at the centerline base of the tower. The distance to the inner
most row of the field from the tower is 60 m (198 ft), with the outer 
row being 367 m (1166 ft) from the tower. 

Number of Heliostats = 818 

Tower Height• 90 m (295.3 ft) 

EDISON FIELD ENHANCED OIL RECOVERY SYSTEM 

SOLAR RETROFIT CONCEPT 

Origin Corresponds to Southwest 
Section Boundary 

LEGEND 

O= Heliostat 
181= Tower 
EB= Old Well 
181= New Well 
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Figure 5.1-2 CoZZeatoP FieZd Arorangement 

5.1.3 eollector Field Performance 

The performance of the collector field subsystem was analyzed using the 
MIRVAL computer code, with the following parameters considered: 

1) Collector field layout; 

2) Heliostat design parameters; 

3) Receiver aperture sizes/orientation; 

4) Heliostat aiming strategy; 

5) Site location. 
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Sun 

Receiver aperture sizes of 5.5 x 5.5 m (18.04 x 18.04 ft) with aperture 
normal orientations of 0.65 + rad (37.5°) from due north were inter
nally programmed in the MIRVAL code because the program will not accept 
cavities that are not oriented due north, east, west or south as in
put. The code was also revised to allow input aiming strategies depen
dent on heliostat slant range. The aiming strategy described in Sub
section 5.2.1 was input for all performance analyses. 

The final collector field efficiency values for various sun azimuth and 
elevation angles are shown in Table 5.1-3. Field efficiency is defined 
as the product of tower shadow, average field cosine efficiency, re
flectivity(= 0.90), shading and blocking, atmospheric attenuation as 
calculated using the Martin Marietta atmospheric attenuation model 
(ABSORB= 0.099931) and spillage. The spillage losses include any 
losses due to heliostat tracking errors and beam quality. 

TabZe 5.1-3 CoUeator FieZd Effiaienaies 

Elevation Sun Azimuth [South= 0 rad (00)] 

[Horizontal 0 rad 0.52 rad 1.05 rad 1.31 rad 1.51 rad 1.92 rad 2.27 rad 
= 0 rad (0°)] (00) (30°) (60°) (750) (90°) (110°) (130°) 
0.09 rad 0.250 0.240 0.239 0.233 0.220 0.150 0.125 
(50) 

0.26 rad 0.575 0.542 0.506 0.488 0.461 0.380 0.330 
(15°) 

0.44 rad 0. 717 0.682 0.638 0.613 0,582 0.516 0.450 
(25°) 

0.78 rad 0.818 0.791 0.747 o. 716 0.683 0.640 0.592 
(45°) 

1.13 rad 0.795 0.785 0.757 0.735 o. 715 0.684 0.654 
(65°) 

1.56 rad 0.730 0.730 0.729 0.729 o. 725 0.705 0.690 
(89.5°) 

The collector field performance was also calculated for the noon, day 
58 design point, again using MIRVAL and the inputs previously refer
enced. The design point efficiencies are shown in Table 5.1-4. 

Annual field efficiencies were calculated using the STEAEC program with 
Fresno SOLMET TMY insolation and the field efficiency matrix given in 
Table 5.1-3. Using the ratio of "yearly energy to receiver" to "yearly 
energy to collector field, 11 an annual average field efficiency of 68.4% 
was calculated. 
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TabZe 5.1-4 
Design Point CoZZeator Subsystem Perfo:mianae 
(MIRVAL AnaZysis) 

Tower Shadow 0.9995 
Cosine 0.9442 
Reflectivity 0.90 
Shading 0.9970 
Blocking 1.00 
Atmospheric Attenuation 0.9759 
Spillage 0.9883 

Total Field Efficiency 81.7% 

818 Heliostats, Sun Elevation Angle: 
0.8034 rad (46.03°) 
Sun Azimuth Angle: 
0.0 rad (0°) 

5.2 RECEIVER SUBSYSTEM 

5.2.1 Requirements 

The receiver subsystem includes the receiver unit and the supporting 
tower. The receiver will convert the incident radiant flux energy from 
the collector subsystem into steam suitable for use in the enhanced oil 
recovery process. The tower will support the receiver, piping, and 
other elements of the receiver subsystem. The receiver and tower will 
be designed for the anticipated dead, wind and seismic loads. Adequate 
provisions will be made to ensure crew safety at all times for required 
operations, inspection, maintenance, and repair. Appropriate design 
standards and ASME boiler codes will be followed in the receiver de
sign. The service life of the receiver subsystem will be at least 26 
years. 

The receiver is sized to absorb 29.3-MWt heat input from the collector 
subsvstem. At the design point, with a reference insolation of 950 
W/m2 (301.22 Btu/h-ft2), the required steam outlet conditions are 
8.27 MPa (1200 psia) and 297°C (567°F). A preheater section will 
be included to heat the .feedwater from 15.6°C (60°F) to 148,9°C 
(300°F) under normal operating conditions. 

The detailed requirements specification is presented in Appendix C of 
this report. The major requirements that directly guide design of the 
selected twin-cavity receiver are summarized in Table 5.2-1. 

The boiler section of the receiver has a maximum absorbed heat flux 
limitation of 69.4 W/cm2 (220,000 Btu/h-ft2), and the preheat sec
tion has a maximum of 34.7 W/cm2 (110,000 Btu/h-ft2). To stay 
within these requirements and maintain a 4.5-m (14.76-ft) cavity depth, 
a simple aiming strategy had to be developed to lower peak flux to an 
acceptable level. The aiming strategy for both cavities are the same 
(Table 5.2-2). The coordinate system for the aiming strategy is in 
meters with the center point of the aperture being the origin. 
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Table 5.2-1 Sumrnaxry of ReaeiveP RequiPement 

Site Location 

Design Point 

Thermal Input 

Thermal Output 

Feedwater Input 
Pressure 
Temperature 

Receiver Output 
Pressure 
Temperature 
Quality 

Flow Rates 
Feedwater 
Saturated Steam 
Drum Blowdown 

Peak Ab_sorbed Heat Flux 

Preheater Duty 

Environments 
Ambient Temperature Range 
Winds 
Seismic Zone 
Ground Acceleration 

Table 5. 2-2 Aiming Strutegy 

Aim Point Aim Point, m* 

·Number X y z 

1 o.o o.o o.o 
2 o.o o.o 1.5 
3 o.o o.o 1.25 
4 o.o o.o 1.0 
5 o.o o.o -1.0 
6 o.o o.o -0.5 

* 3.281 ft = 1 meter. 

Rows 

1-11, 
12-13 
14 
15-16 
17-18 
19-20 

Edison Oil Field 
Kern County, California 

Noon, Day 58 
(Insolation = 0.95 kW/m2 ) 

31.2 MW (107.5 MBtu/h) 

29.3 MW (100.0 MBtu/h) 

10.34 MPa (1500 psia) 
15.6°C (60°F) 

8.27 MPa (1200 psia) 
297°C (567°F) 
82% by weight 

43.59 Mg/h (96.1 klb/h) 
36.02 Mg/h (79.4 klb/h) 
7.58 Mg/h (16.7 klb/h) 

694 kW/m2 (220 kBtu/h-ft2 ) 

6.05 MW (20.7 MBtu/h) 

-6.7 to 46°C (20 to 115°F) 
40 m/ s. (90 mph) 
UBC Zone 4 
0.3 g (minimum); 0.5 g (average) 

21-29 

The resulting incident heat fluxes (as calculated using TRASYS) with 
the aiming strategy for 8:00, 10:00, 12:00, 14:00 16:00 for days 58, 
80, 172, and 355 are found in Appendix B. Heat fluxes are only shown 
for the east cavity because the west is a mirror image of the east. To 
account for the effects of reflections, a more detailed cavity node 
model was developed and run for noon day 58. The foldout in Figure 
5.2-1 shows the node breakdown for cavity reflection calculations in 
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Table 5.2-3. The heat fluxes in parentheses represent the flux on a 
node after reflections inside the cavity while the fluxes without pa
rentheses are the incident heat flux on that node. Both heat fluxes 
are in W/cm2. 

I \ Inactive Roof 

Inactive 
Northeas 
Wall 

~ 

" \ 

--::-::---
,__...i...--: 

Active 
Northeast 

t Wall 

\ 

I/ 
I 

/ 

:--.___ 
----Inactive 
Active~ Floor 
North 
Wall 

I 
Figure 5.2-1 Northeast Reaeiver Cavity Foldout 

Inactive 
North 
Wall 

Active Roof 

! 

5.2.1.1 Receiver Thermal Losses - The thermal losses from solar cen
tral receivers consist of spillage, solar reflection, infrared radia
tion convection, and conduction. Solar reflection losses were based on 
TRASYS grey-body calculations. The solar reflection loss for the de
sign point is 1.56%. 

The infrared radiation, convection, and conduction for the design point 
were calculated based on an ambient air temperature of 4.4oc (400F). 
The infrared radiation loss was determined to be 1.51%. The convection 
loss was also based on the wind velocity in both cavities being 20% of 
the freestream. The freestream velocity at the receiver height was 4.9 
m/s (16.1 ft/s}. The convection loss was calculated to be 2.41%. The 
conduction loss was found to be 0.4% based on 10.16 cm (4 in.) of min
eral wool insulation. 
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Tab.Ze 5.2-3 Northeast Reaeiver Cavity Heat FZu:ces, Noon Day 58 

Northeast Wall North Wall 

ln- Backwall In-
active Active Active active 
0,0 1.29 23.1 41.9 49.8 51.0 43.2 31.3 19,9 2,86 0.01 

(0,21) (1.63) (22.6) (40.9) (48. 3) (49. 3) (41.9) (30. 8) (19. 7) (3.22) (0.25) 

o.o .2.79 31.9 49,3 56.6 58.8 48.9 35.5 23.8 3.84 0,03 
(0,22) (3.12) (31.0) (4 7. 8) (54.6) (56.7) (4 7. 2) (34.8) (23.4) (4. 21) (0.25) 

0.02 4.88 36,1 51.8 60.3 62.1 52,0 36.4 24.5 4.40 0,03 
(0.23) (5 .11) (34.9) (50.1) (58.1) (59, 7) (50.1) (35,6) (24. O) (4. 73) (0.25) 

0,11 7,42 38.0 54,4 66.1 66.1 55.7 36.3 23,1 4.55 0.03 
(0.26) (7.51) (36,7) (52.6) (63.6) (63. 4) (53.6) (35.5) (22.6) (4.84) (0,24) 

0,23 9,86 40,2 57.7 71.1 69.7 58.6 36.2 21.5 4,60 0,04 
(0.29) (9.81) (38.7) (55. 7) (68.3) (66.8) (56. 3) (35. 3) (21.1) (4.85) (0.24) 

0.31 11.0 39.6 54.5 66.1 64.8 53.9 33.0 19.5 4.45 0.07 
(0.30) (10.8) (38.1) (52. 5) (63.4) (62 .1) (51.8) (32.2) (19,1) (4.68) (0.23) 

0.29 9.41 32.3 41.4 48.7 48.7 40.4 25.3 15.6 3.80 0.08 
(0.28) (9.32) (31.1) (40.0) (46. 8) (46.7) (38.8) (24.8) (15.3) (4. 03) (0.22) 

0.18 5.86 19.9 23.8 27.2 28.1 23.3 15.3 10.2 2.52 0.06 
(0. 23) (5.92) (19.3) (23.1) (26. 3) (27.1) (21. 5) (15.2) (10.2) (2. 78) (0.20) 

0,07 2.36 8,69 9.47 10.4 11.2 9.18 6.57 4.92 1.07 0.02 
(0.18) (2.56) (8.63) (9.43) (10.2) (11.0) (9.06) (6. 7 3) (5, 09) (1. 37) (0.17) 

0.01 0.44 1.99 2.02 2.43 2.63 1. 91 1.11 1.06 0.19 0.0 
(0.14) (0. 71) (2. 23) (2.29) (2. 63) (2. 83) (2.13) (1.48) (1.39) (0. 50) (0.15) 

0.0 0.01 0.21 0.45 0.23 0.05 o.o o.o 
(0.12) (0.29) (0.52) (0.77) (0.60) (0.40) (0.31) (0.13) 

Roof 

0.03 
(0.19) 

0.29 
(0.30) 

0.38 
(O. 30) 

Noon 
Day 58 
Insolation 950 W/m2 

Inactive 

Active 

o. 28 
(0.67) 

Floor Inactive 

0.0 0.01 
(0,15) (0.19) 

0.0 0.01 
(0~11) (0 .13) 

4.94 
(5.45) 

19.9 
(20.0) 

29.3 
(29.3) 

0.0 
(0.14) 

0.0 
(0.11) 

11.2 
(11.5) 

25.5 
(25.5) 

29.0 
(29.1) 

11.3 
(11. 6) 

23.9 
(23.8) 

27.0 
(2 7. 0) 
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8.28 
(8.61) 

17.9 
(18.0) 

22.4 
(22.5) 

1.06 
(1. 45) 

Total Incident Power 
15 , 6 MWt / Cavity 

Total Power After 
Reflected Losses 
15.4 MWt/Cavity 
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5.2.1.2 Receiver Overnight Cooldown - Overnight cooldown was analyzed 
using the finalized "wet" receiver heat capacity, a 2860C (5460F) 
receiver temperature, and a -6.70C (20°F) ambient air temperature 
at shutdown on the night of December 21. The winter solstice repre
sents the longest nighttime duration, assuming a constant -6.70c 
(200F) temperature would provide a more severe cooldown condition 
than some shorter but colder nights. Figure 5.2-2 shows the cooldown 
rate and after 14.5 hours the receiver only experiences a 70.6°c 
(1270F) temperature drop. The final fluid conditions are sufficient 
for a rapid morning startup. 

(OF) 

5 75 

525 

500 
14.5 Hours 

4 75 

450 
224°C (435°F) 

425 

400 

2 4 6 8 10 12 14 16 18 
Time After Shutdown, Hours 

Figure 5.2-2 Receiver Overnight Cooldown 

5.2.2 Description 

5.2.2.1 Receiver Unit - The selected receiver concept is a twin
cavity, natural-circulation steam generator with separate preheater 
circuitry. This integrated twin-cavity receiver was devised for a 
150° north collector field. The front elevation and plan views of 
this concept are given in Figure 5.2-3. As shown in the Section A-A 
view, the receiver is symmetric with respect to a north-south line 
passing through the common wall that partitions the two cavities. The 
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aperture of each cavity is 5.5 x 5.5 m (18.04 x 18.04 ft) with its cen
terline extending at an angle of 37.50 from the common wall. The al
locations of preheater and boiler surfaces on cavity walls are also 
shown in this view. The first pass of the preheater is located at the 
central portion of the common wall. The inboard portion of the common 
wall, two rear walls and two side walls are lined with boiler panels. 
Since considerable incident solar energy fails on .the cavity roof, a 
large portion of the roof is covered by two serpentine panels of the 
preheater, as shown in the top plan view of the figure. All preheater 
and boiler panels are made of carbon steel tubes that are joined alonb 
their length by continuous-weld integral fins to form flat Monowalls ~
This type of panel is structurally rigid, can be handled in shipment 
and during erection with relative ease, and is impenetrable to incident 
solar flux. 

As shown in the elevation views, feedwater enters at the lower header 
of the vertical preheater panel (pass 1), and flows upward inside the 
tubes while being heated by the incident heat flux along the length of 
the pass. Water is collected at the upper header and piped to the in
let header of the roof preheater panels. After traversing back and 
forth through the serpentine panel (pass 2) on the roof of the north
west cavity, heated water is collected and routed by a transfer pipe to 
the roof panel (pass 3) in the northeast cavity. There water is fur
ther heated until it exits from the outlet header and discharges into 
the drum. 

From the drum, boiler water flows through five downcomers and branching 
feeders to the lower headers of the boiler, where the flow is divided 
among the various upflow boiler panels. As the water flows upward 
through the tubes, a portion is converted into steam by the absorbed 
heat. The resultant mixture of water and steam leaving the tubes is 
collected in the upper boiler headers and carried back to the steam 
drum through risers. A rear elevation view of the receiver is present
ed in Figure 5.2-4, illustrating the locations of headers and down
comers. The two plan views in this figure depict the routing of boiler 
feeders and risers respectively. 
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In the drum, the water is separated from steam by density differences 
and, after mixing with incoming feedwater, enters the downcomers for 
another trip around the boiler circuits. Saturated steam from the drum 
is piped down to the bottom of the receiver. Because of the dissolved 
solids in the feedwater, a substantial amount of continuous blowdown 
from the drum is necessary to maintain the total dissolved solids in 
the boiler water within tolerable limits. This hot blowdown water is 
recombined with the saturated steam at the outlet of the receiver to 
salvage the heat in the blowdown water. The arrangement of injecting 
the blowdown water into the saturated steam stream is shown schematic
ally in Figure 5.2-4. The resulting wet steam (approximately 82% qual
ity) is then piped down the tower to field distribution headers. 

The shell of the receiver consists of preheater and boiler panels, cav
ity floor and roof plates, enclosure and stiffeners. Interior surfaces 
of the cavity that are not covered with preheater or boiler panels are 
lined with either flat steel plates or corrugated Incoloy plates coated 
with reflective material. Outside surfaces of the receiver, as well as 
drum and exterior piping, are insulated to reduce thermal losses to the 
ambient environment. The aperture of each cavity is provided with an 
insulated door that can be closed to minimize heat loss and resultant 
cooling of the receiver during overnight shutdown. 

The conceptual support structure for the receiver is shown in Figure 
5.2-5. The entire receiver is suspended from a structural-steel frame
work attached to the support columns. All pressure parts of the re
ceiver are free to expand laterally and down. The structural framework 
also supports the enclosure. The preheater and boiler panels that re
ceive solar energy from only one side can be held in position and brac
ed at the back against thermal stress and wind and seismic loads by 
conventional structural-steel buckstays. The panels that form the par
tition wall between the two cavities are heated by radiant flux from 
both sides during operation. This reduces the circumferential tempera
ture gradients of the tubes and results in much less thermal stresses 
in the tubes. Since the length of these panels is only about 6.7 m (22 
ft), preliminary calculations indicate that no intermediate horizontal 
support in the heating zone is required. 

5.2.2.2 Tower - The tower supports the receiver at the proper eleva
tion to optimize optical performance and cost of the collector/receiver 
module (see Subsection 3.1.1 for details). The tower must also provide 
access to the receiver and accommodate routing of feedwater and steam 
piping as well as the instrumentation and control cabling from ground 
level to the receiver. 

Although indepth tower design studies were beyond the scope of this 
project, certain physical characteristics were evaluated as a result of 
the collector/receiver optical performance optimization and the use of 
the Sandia Laboratories tower cost model. The tower height is 90 m 
(295 ft) from ground level to the base of the receiver. It is con
structed of steel with four major vertical columns. For seismic condi
tions corresponding to zone 4 of the UBC, the resultant moment is 7.90 
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x 107 Nm (58.3 x 106 ft-lbf) and peak tower top acceleration is 
0.62 g. The maximum wind moment was calcualted to be 6.26 x 107 Nm 
(46.2 x 106 ft-lbf). 

The foundation for the tower is designed to resist combinations of gra
vitational and seismic or wind forces. As discussed in Subsection 
3.1.5, mat, pile, and pier foundations were considered and the pier 
concept proved to be the most cost effective. In the conceptual de
sign, several pier quantity-diameter-length combinations were studied. 
The conceptual design, in accordance with ACI 336-72, requires three 
piers under each tower leg; each pier is 0.91 m (3 ft) in diameter and 
13.7 m (45 ft) in length. A triangular pier cap, as shown in Figure 
5.2-6, is most economical. The reinforcing for the piers and the pier 
caps is designed by the strength method using factored loads and allow
ables in accordance with ACI 318-77. 

5.2.3 Performance and Operating-Characteristics 

5.2.3.1 Thermal/Hydraulic - Detailed thermal/hydraulic design and ana
lyses were performed for the selected twin-cavity receiver. The re
sults obtained for both preheater and boiler are described in this sub
section. 

Preheater - Feedwater must be preheated to reduce the temperature gra
dient across the thermal sleeve that protects the feedwater pipe joint 
and the drum. To preheat the feedwater from loOC (60°F) to 149°c 
(3000F), approximately 21% of the total absorbed power is needed. 
The preheater consists of one vertical and two serpentine roof panels. 
At the design point heat flux conditions, this arrangement supplies the 
required fraction of receiver thermal duty. Calculations were also 
made for a range of days and times, and the results show that this 
fraction remains virtually constant. 

Temperatures of water and tube wall along the three preheater passes 
were calculated for the design point flux distributions. In calculat
ing these temperatures, the following effects were considered; 

1) Absorbed heat flux variations among tubes of the same pass; 

2) Manufacturing variations in tube wall thickness 
(+10%, -0% on minimum wall); 

3) Flow imbalance because of connecting headers and unequal tube 
length. 

The results are shown in Figure 5.2-7. The maximum mean tube wall tem
perature was based on the wors~ combination of heat flux and flow con
ditions (i.e., the highest heat flux and lowest flow among tubes of the 
same pass). 
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Figw>e 5.2-6 Receiver Tower Founda.tion 
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The total pressure drop from the inlet to the outlet of the preheater 

is approximately 207 kPa (30 psi). The frictional losses, including 
those through connecting piping, account for 117 kPa (17 psi) and the 
remaining drop is due to elevation difference. 

Boiler - The selected receiver concept uses the natural-circulation 
principle. In a natural-circulation system, the rate of flow that can 
be produced is governed by flow resistances and differences in density 

between the downcomer circuits and the upward heated circuits. Control 
of these resistances enable~ the designer to apportion an adequate flow 
of water to parallel circuits. For the.circulation analysis, the boil
er section was divided into different circuits having similar heat ab
sorption characteristics. After several repetitive calculations, dur
ing which changes were made to the number and size of tubes, feeders 
and risers in the individual circuits, an acceptable arrangement was 
obtained. 
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Table 5.2-4 lists the number and sizes of the selected boiler cir
cuits. Since the heat flux distributions on the side wall panels vary 
considerably in the horizontal direction from inboard to outboard 
tubes, the side walls were further divided into three parallel circuits 
for the circulation analysis. Table 5.2-5 summarizes the results for 
the design heat input conditions. As shown in this table, the ratio of 
the total circulating flow rate to the total steam-generating rate 
(overall circulation ratio) is 12:1. It was also found that all cir
cuits satisfied the circulation design criteria imposed on the entrance 
velocity, steam quality, and absorbed heat flux. 

Table 5.2-4 Summary of Boiler Circuitry 

Tube Feeder Riser Downcomer 

OD, OD, OD, OD, 
mm mm mm mm 

Description No. (in.) No. (in.) No. (in.) No. (in.) 

Common Wall 20 50.8 2 76.2 3 101.6 1 168. 3 
(2.0) (3.0) (_4.0) (6.625) 

Rear Wall 86 50.8 12 76.2 18 76.2 2 168.3 
(2.0) (3.0) (3.0) (6.625) 

Side Wall 124 50.8 12 76.2 18 76.2 2 168.3 
(2 .0) (3.0) (3.0) (6.625) 
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Table 5.2-5 Boiler Circulation Swnma:r>y 

Circulation Steam Velocity 
Flow, Exit Quality, Generated, Entering, 

Description Mg/h (klb/h) % by Weight Mg/h (klb /h) m/s (ft/s) 

Conunon Wall 56.7 8.9 5.0 1.1 
(125) (11.1) (3.6) 

Rear Wall 204.6 8.8 18.0 1.1 
(451) (39. 7) (3. 7) 

Side Wall 1 77. 6 10.3 8.0 1.3 
(171) (17.6) (4. 3) 

Side Wall 2 72.6 6.4 4.6 1.2 
(160) (10. 2) (4.0) 

Side Wall 3 24.0 1.4 0.4 0.5 
(53) (0. 8) (1.5) 

Note: --
Total circulation rate= 435.5 Mg/h (960 klb/h), 
steam generation rate= 36.0 Mg/h (79.4 klb/h), 
continuous blowdown rate= 7.6 Mg/h (16.7 klb/h), 
overall quality,% by weight= 8.3, 
overall circulation ratio= 12.1, 
heat input condition= Noon, Day 58. 

5.2.3.2 Structural - The structural design requirements can be divided 
into two categories. First is the area of concern relating to internal 
pressure and temperature distribution. The second refers to external 
influences such as wind and seismic loading. This subsection describes 
the structural design studies of the receiver panel and other pressure 
components such as risers, feeders, downcomers, headers and the drum. 
The methods used in structural analysis, the computer programs, the 
criteria used in the evaluation and the important results are described. 

Applicable Codes and Standards - The requirements of the ASME Boiler 
and Pressure Vessel Code, Section I* are fully met in the receiver de
sign. The design philosophy of Section I is to set the wall thickness 
necessary to keep the hoop stress due to pressure below the tabulated 
allowable stress. Section I does not require a detailed evaluation of 
the higher, more localized stresses known to exist, but instead allows 
for these by the safety factor and a set of design rules. Section I 
also has no criteria to evaluate thermal stresses and fatigue. Experi
ence shows that this approach has worked reasonably well in the case of 
fossil-fired power boilers. However, the loading conditions in the so
lar receiver are different from those of the conventional boilers be 

*ASME Boiler and Pressure Vessel Code. Section I (Rules for Construc
tion of Power Boilers). ASME, New York, 1977 Edition. 
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cause the solar receiver is subjected to diurnal startup and shutdown 
cycles. The fatigue asociated with thermal cycling is an important 
failure mode in a solar receiver, but Section I does not have explicit 
criteria to evaluate this failure mode. In this study, Section I was 
supplemented with appropriate criteria from Section VIII, Division 2.* 
This approach is consistent with the proposed Interim Structural Design 
Standard for Solar Energy Applications.+,# 

Receiver Panel - One of the critical components (in terms of structural 
1ntegr1ty and fatigue life) in the receiver is the boiler panel. The 
panel is composed of 50.8-mm (2-in.) OD carbon steel boiler tubes on 
57.2-mm (2.25-in.) centers using Monowall TM construction in which 
the tubes are joined together along their length by continuous welded 
integral fins to form a flat panel. 

The tube thickness was calculated from the Section I formula for seam
less tubes. The temperature and the stress distributions were deter
mined by using the finite element program ANSYS.** The finite element 
model used is shown in Figure 5.2-8. Because of symmetry, only onehalf 
of the tube and the fin is analyzed. Generalized plane-strain condi
tions are assumed in the tube. Because of the intermediate and end 
suppports and the axial variation of flux, the problem is three
dimensional in nature. However, a study conducted by J. Jones of 
Sandia-Livermore has demonstrated that the two-dimensional generalized 
plane-strain model reflects the state of stress and strain accurate
ly.++ Generalized plane-strain analysis is accomplished by first 
performing a plane-strain analysis and then relaxing the axial forces 
at the ends. A postprocesser computer program was specially written. 

The postprocessor can also calculate the bending stresses and peak 
stress in the tube. The parameters considered in the analysis are 
shown in Table 5.2-6. The following criteria are used in evaluating 
the stresses: 

1) Limit the primary stresses due to pressure to the allowable stress 
given in ASHE Code Section I; 

*ASME Boiler and Pressure Vessel Code. Section VIII, Division 2 
(Rules for Construction of Pressure Vessels - Alternative Rules). 
ASHE, New York, 1977 Edition. 

+I. Berman, et al.: An Interim Structural Design Standard for Solar 
Energy·Apflications. Report SAND-79-8183, Sandia Laboratories, Liver
more, April 1979. 

IT.V. Narayanan, et al.: "Structural Design of a Superheater for a 
Central Solar Receiver." Transactions of ASME, Journal of Pressure 
Vessel Technology, Vol 101, February 1979. 

**ANSYS Engineering Analysis System User's Manual. Swanson Analysis 
Systems, Incorporated, 1974. 

++J.Jones: "Absence of Bending Effects on Solar-Receiver-Tube Fa
tigue," Journal of Energy, AIAA, Vol 3, No. 3, May-June 1979. 
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2) Limit the primary plus secondary stresses (thermal stresses) to 
twice the yield stress; 

3) Evaluate the fatigue life using Section VIII Division 2. 

This approach is consistent with that of Berman and Narayanan. The 
first of the above criteria is automatically satisfied by using the ap
propriate Section I formula in the thickness calculation. The second 
criterion is intended to ensure that shakedown occurs and continued 
plastic cycling does not occur. Fatigue is an important failure mode 
in solar receivers because of the diurnal startups and shutdowns as 
well as cloud-induced shutdowns. Since the design temperature is below 
371°c (700°F), creep effects are negligible. Table 5.2-6 shows the 
appropriate stress intensities and allowable stresses. 

The allowable value for primary plus secondary stress, i.e., 3 Sm 
(twice yield stress) is taken from Section VIII, Division 2. Fatigue 
life was evaluated using the Section VIII, Division 2 fatigue curves. 
The inplane axial stress in the panel due to the temperature differen
tial across the panel was conservatively estimated as 68.97 MPa (10 
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ksi) and has been included in calculating the secondary and peak 
stresses. From Table 5.2-6, it is clear that the panel is structurally 
adequate and has an ample design margin for fatigue. 

Table 5.2.6 Stress Intensities and AZZo~abZe Stress in the Panel 

Peak Heat Flux q" = 0.694 MW/m2 (220,000 Btu/h-ft2) 
= 29 kW/m2 °C (5100 Btu/h-ft2w°F) 
= 45.32 W/m°C (26.2 Btu/h-ft-°F) 
= 297°C (567°F) 

Film Coefficient h 
Thermal Conductivity k 
Fluid Temperature Tf 
Coefficient of Thermal Expansion a 
Modulus of Elasticity E 

= 15.03 X 10-6/°C (8.35 x 10-6/°F) 
= 1.772 x 10 5 MPa (25.7 x 106 psi) 
= 0.31 Poisson's Ratio v 

Terms Defined In 
ASME Code 
Section VIII, Div 2 

Stress Intensity, 
MPa (ksi) 

Primary Stress Intensity 
PM 

55.8 (8.1) 

Primary Plus Secondary 
Stress Intensity 
PL+ PB+ Q 

Peak Stress Intensity 
PL+ PB+ Q + F 

Note: 

Peak metal temperature 
Design Temperature 

142.0 (20.6) 

243.1 (35.26) 

= 390°C (734°F), 
= 371 °C (700°F). 

Allowable Stress, 
MPa (ksi) 

99.3 (14.4) 

3 Sm= 312.4 (45.3) 

Fatigue Life 
100,000 Cycles 

0ther Pressure Parts - Other pressure parts such as the downcomer, 
headers, feeders and risers, steam drum, etc were sized according to 
the requirements of ASME Code Section I. 

Support Structure Design - The general arrangement of the support 
structure is shown in Figure 5.2-5. The support structure consists of 
10 columns interconnected by beams and braces. The loading on the sup
port structure is as follows: 

1) Dead load - For the first iteration, the dead load was assumed to 
be 1.38 x 10 N (310 kips); 

2) Wind load - The survival wind speed is 40 m/s (90 mph) at a refer
ence height of 10 m (30 ft). The corresponding wind pressure at 
the centerline of the receiver is estimated as 2.16 kPa (45 psf) 
according to ANSI A58.l* The operational wind speed at a reference 
height of 10 m (30 ft) is 16 m/s (35 mph). The corresponding wind 
pressue at the centerline of the receiver is 0.41 kPa (8.5 psf); 

*ANSI ASS.1-1972. Building Code Requirements for Minimum Design Loads 
in Buildings and Other Structures. 
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3) Seismic load - The equivalent static g values at the top of the 
steel tower are shown in Table 5.2-7. 

Table 5.2.? Equivalent Static-g Values for SteeZ Tower 

Ground Tower Top Tower Top 
Acceleration, ~ertical Acceleration, Lateral Acceleration, 
xs <s> XTT (g) XTT (g) 

Operational 0.30 0.90 0.38 

Survival 0.50 1.50 0.62 

The support structure was designed to withstand the above loads and 
other applicable loads such as snow, rain, ice, etc. 

Operational Wind and Seismic Load on the Common-Wal] Panels - The 
stresses caused by these loads on the common-wall panels were evaluat
ed. The wind loads were found to govern the design. Since the wind 
loads cause primary bending stresses, the allowables are 1.5 k S, where 
k is 1.2 (Section VIII, Div 2) and Sis the allowable stress given in 
Section I. The preheater panel was also found to be more critical than 
the boiler panel. The stresses in the preheater panel due to the oper
ational wind load of 0.41 kPa (8.5 psf) was calculated to be 121.35 MPa 
(17.6 ksi). Since the allowable stress is 149.0 MPa (21.6 ksi), the 
design is acceptable. 

5.2.3.3 Instrumentation and Control - Instrumentation is required for 
the receiver control system. The measurements include temperatures, 
pressures, flow rates and drumwater level. The receiver control system 
consists of a feedwater regulator, an output pressure regulator, and a 
continuous-blowdown regulator. A schematic flow diagram illustrating 
the essential instrumentation, valving, and controls of the receiver is 
shown in Figure 5.2-9. Feedwater is controlled by a feedwater regula
tor that matches feedwater flow to the total flow leaving the receiver, 
with a trimming override in response to drum level. The total flow 
leaving the receiver is determined by measurements of the blowdown flow 
and the saturated steam flow. The blowdown flow is regulated by a pre
set blowdown ratio with reference to the measured feedwater flow. 

5.2.3.4 Feedwater Supply and Boiler Blowdown - The water supply for 
the receiver is provided from Exxon-owned and -operated wells. The 
wells draw water from a depth of 304.8 m (1000 ft). Water is treated 
in units containing ion exchange beds, the same commercial type cur
rently used at the site. A booster pump at the bottom of the tower de
livers the treated water to the preheater inlet of the receiver. Water 
quality information before and after treatment is shown in Section 
3.4.2 of the System Requirements Specification (Appendix C). Because 
of the dissolved solids in the feedwater, a substantial amount of con
tinuous blowdown from the drum is necessary to maintain the total dis
solved solids (TDS) in the boiler water at the tolerable level. The 
combination of this hot blowdown water with the saturated steam from 
the drum results in a wet steam at the receiver outlet. 
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The outlet steam quality (percent by weight) is determined by the ratio 
of blowdown-to-feedwater flow as illustrated in Figure 5.2-10. The TDS 
in the boiler water is a function of the TDS contained in the feedwater 
and the ratio of blowdown to feedwater. Curves generated for three 
different concentrations in the feedwater are also given in Figure 
5.2-10. 

From the water quality data, the total dissolved solids in the feed
water after treatment were found to be approximately 540 ppm. With a 
selected blowdown rate equal to 17.5% of the feedwater flow, the steam 
quality after mixing is 82% by weight, and the total dissolved solids 
in the boiler water amount to approximately 2500 ppm. These two oper
ating points are shown in Figure 5.2-9. The 82% quality steam is ac
ceptable for the enhanced oil recovery application because the existing 
oil-fired, once-through steamers generate the steam of a quality from 
75 to 80%. For the operating pressure of 8.27 MPa (1200 psia), the 
American Boiler Manufacturer's Association (ABMA) recommends that the 
boiler water be limited to 1000 ppm TDS. However, this recommendation 
is based solely on the ability of the drum to deliver dry steam. Since 
the dryness of the steam is not required for this application, a higher 
concentration of TDS in the boilier water is tolerable. Another con-
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cern is that high-TDS water could cause foaming and film boiling in 
boiler tubes and result in tube failures. Tube failures have been ob
served in large fossil-fueled, natural-circulation boilers built for 
the EOR application. High TDS was partly responsible for some tube 
failures because the boiler water was concentrated five times, result
ing in 15,000 to 25,000 ppm TDS. While test data and empirical corre
lations are lacking in this area, it is generally regarded as a safe 
operation to limit the TDS concentration in the boiler water to 3000 
ppm for this application. Field tests of a scaled-down receiver with 
the specified water quality and operating conditions are recommended. 

5.2.3.5 0perating Modes - During normal operation the receiver deliv
ers steam to the field distribution piping system at controlled outlet 
conditions of 8.27 MPa (1200 psia) and 297°c (567°F). The amount 
of steam generated at any instant is a function of the incident energy 
and receiver losses, assuming quasi-steady-state operation. Steady
state is never totally achieved because the incident energy is con
stantly changing as the sun's angle changes throughout the day. There
fore there is some thermal capacitance lag between incident energy and 
rate of steam generation. 

A comparison of startup and shutdown transients shows that the receiver 
system can accommodate the latter much easier than the former. During 
a shutdown transient when the incident heat flux to the receiver is cut 
off, heat exchange occurs between the boiler, preheater, and cavity in
terior surfaces and from the receiver exterior surfaces to the sur
roundings. The closed cavity doors and insulated walls minimize heat 
loss from the receiver. Heat soaks back into the boiler section at a 
moderate rate, and any slight overpressure caused by this heat flow in 
the initial period of the transient can be either vented from the steam 
drum or regulated by the outlet pressure regulator. The tube panels, 
when experiencing gradual decreases in temperature level and front-to
back wall temperature gradients, are subjected to a stress condition no 
more severe than that encountered during steady-state operation. 
Therefore analytical studies were concentrated on startup transients 
only. 

The selected receiver concept was evaluated for both hot and cold 
startup operations. A computer program developed for transient overall 
receiver heat balance calculation was used in this analysis. This pro
gram models the entire receiver by lump-mass nodes, uses a sequence of 
steady-state intervals to approximate a transient period, and performs 
a simplified heat balance calculation for each time interval. 

The hot startup considered was a typical diurnal morning startup of the 
receiver after overnight shutdown. Analysis shows that after a 
14.5-hour overnight cooldown with the aperture doors closed, the re
ceiver experiences only a 70.60C (127°F) saturation temperature 
drop. Consequently the receiver can be restarted each morning from a 
relatively hot standby state. The sunrise-to-noon incident energy rate 
to the receiver used in this analysis was derived from summer solstic~, 
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Figure 5.2-11 Rates for Hot and CoZd Startups 

Cold startup is anticipated when the receiver is first put into opera
tion or is started after a prolonged shutdown period. The receiver is 
assumed to be at the ambient condition before starting. When starting 
from this condition, the receiver cannot absorb the fully concentrated 
solar energy without overheating components, especially during the 
early period of startup when no steam is being generated. 

Thus the incident energy to the receiver must be greatly reduced by de
focusing the heliostats. Pertinent results of a typical cold startup 
are shown in Figure 5.2-13. As indicated in the figure, it takes 60 
minutes from sunrise for the receiver to start generating steam, and a 
total of 270 minutes to reach the full pressure. The energy incident 
of the receiver was assumed to increase gradually in the early stage of 
the transient and more rapidly during the later portion as shown in 
Figure 5. 2-11. 
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5.2.3.6 Receiver Weights - The weights of the receiver key components 
were calculated. Table 5.2-8 summarizes the weights and selected mate
rials for these compontents. The total estimated weight of the receiv
er is 139.4 Mg (307.3 klb). 

Table 5. 2. 8 
Surrmary of MateT'iaZ and Estima.ted Weight of the SeZeated ReaeiveP Conaept 

Material Weight, kg x 10 3 (lb x 103) 

1. Pressure Parts 

Steam Drum SA-516 Gr 70 13.11 (28.9) 
Downcomers SA-106 C 2.31 ( 5 .1) 

Boiler Panels SA-210 A-1 8,44 (18 .6) 
Boiler Headers SA-106 C 2,63 ( 5.8) 
Feeders & Risers SA-210 A-1 1.09 ( 2.4) 

Preheater Panels SA-210 A-1 3,04 ( 6. 7) 
Preheater Headers SA-106 C 0.45 ( LO) 

Connecting Piping SA-106 C 1.36 ( 3.0) 

Subtotal Pressure Parts 32,4 (71.5) 

2. Cavity Enclosure & Doors 

Casing Plate & Stiffeners Carbon Steel 21.00 (46.3) 
Insulation Mineral Wool 6.49 (14. 3) 
Lagging Aluminum 2.54 (5.6) 

Subtotal Enclosure & Doors 30.0 (66.2) 

3. Structural Steel Carbon Steel 43.1 (95.0) 

4. Platforms & Ladders Carbon Steel 9.1 (20.0) 

5. Miscellaneous Accessories 13.6 (30,0) 

Total Receiver Dry Weight 128.2 (282. 7) 

Contained Water Weight at 11.2 (24.6) 
15.6°C (60°F) 

Total Estimated Weight 139 .4 (307. 3) 

5.3 FIELD PIPING SUBSYSTEM 

The field p1p1ng subsystem distributes the steam produced by the solar 
receiver and fossil boilers to the injection wells. The distribution 
is accomplished by crosstying the discharges of the receiver and fossil 
boilers with header piping and then branching from the header to the 
selected injection wells. Since only a few of the total wells on the 
site will be injected simultaneously, the subsystem is designed to ac
commodate relocation of the injection well pattern by addition and de
letion of wells throughout the expected production life of the site. 
Selection of the field piping subsystem was primarily based on satis
fying the functional requirements (as described later in this sub
section) with a system of high reliability and low capital cost. 
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5.3.1 Major Components, Functional Elements and Physical Location 

The major components include header and branch piping, pipe supports, 
insulation and lagging, piping accessories to acconnnodate thermal ex
pansion, valves, and instrumentation. 

The header piping interfaces the receiver outlet with the fossil boil
ers. Figure 5.3-1 shows the header piping arrangement to both the 
nearest and farthest injection well patterns. The header piping inter
faces with the receiver at the receiver outlet near the top of the 
tower. It extends down to the base of the tower and then runs horizon
tally aboveground through the operating injection well pattern and to 
the fossil boilers. The offsets shown in Figure 5.3-1 indicate points 
in the header piping where provisions are made to acconnnodate thermal 
expansion. 

1Portabl7· 
Boilers 

,, ,, , 
"" ', ,, 

~m:;::on 
L.......------...__----,.__-----,_ - ___ j 

Receiver: 

FigUPe 5.3-1 HeadeP Piping Layout 

The branch piping for a typical injection well pattern is shown in Fig
ure 5.3-2. In this typical pattern, 12 wells are injected simulta
neously; the approximate average distance between wells is 100 m (330 
ft). As the injection well pattern is moved throughout the field, 
branch piping to the three wells located nearest the solar receiver is 
cut and cappeq near the header. This branch piping is further cut into 
sections manageable for relocation (approximately 15 m (50 ft) in 
length). The header piping is cut near the fossil boilers and the por
table fossil boilers are then moved just beyond the three new in 
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jection wells. A new section of piping is then welded into place to 
connect the header to the fossil boilers. The branch pipe previously 
cut from the system is used to the maximum extent possible in connect
ing the new wells to the header. 

From 
Receiver: 

8 

Header 

Figure 5.3-2 WeZZ Injeation APrangement 

[Injection 
Well 

Field piping is typically supported aboveground as shown in Figure 
5.3-3. The exception to this approach occurs at roads where the piping 
is at ground level and mounded with soil to permit vehicle crossing. 
By locating the pipe aboveground, cathodic protection is not required. 

Insulation is provided for all piping to reduce heat loss to the atmo
sphere. In addition, lagging and a moisture barrier are used to pro
tect the insulation as shown in Figure 5.3-4. 

A method of accommodating thermal expansion is also provided. The 
method utilizes offset piping swivel ball joints to allow for thermally 
induced pipe movement. 

The field piping subsystem provides for isolation. and overpressure pro
tection of the wells with an isolation valve and relief valve for each 
well branch. 

To monitor the well steam supply pressure, a pressure transmitter is 
located on the header pipe at the approximate center of the well pat
tern. This transmitter is moved periodically as the well patterns 
shift. 
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Figure 5.3-3 TypiaaZ Pipe Support 

Pipe 

Moisture Barrier 

Figure 5.3-4 TypiaaZ Pipe Seation 
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5.3.2 Functional Requirements 

The field piping subsystem is designed to: 

1) Deliver steam to any injection well at a pressure within the ac
ceptable limits; 

2) Limit heat loss from the piping system to an economical minimum; 

3) Provide ruggedness (as required by the outdoor installation) and 
dependability with a minimum of routine maintenance. 

To provide sufficient driving steam force in the formation, a minimum 
steam pressure of 5.62 MPa (800 psig) is required. To avoid fracturing 
the formation, the maximum well operating pressure is 7.00 MPa (1000 
psig). Thus if the nearest well is supplied with steam at the ma~imun 
operating pressure, the piping pressure drop to the farthest well must 
not be greater than 1.38 MPa (200 psi) above the pressure loss to the 
nearest well. 

Piping heat loss is limited to the economical minimum by optimizing the 
insulation thickness as described in the tradeoff studies (see Sub
section 3.1.4). 

The field piping system is designed for reliability by providing; 

1). Lagging and moisture barrier for insulation protection; 

2) An adequate corrosion/erosion allowance for the pipe wall thickness; 

3) A proven, low-maintenance method of allowing for thermal expansion. 

5.3.3 Design 

The specific design of the major components of the field piping sub
system are described in terms of materials, sizes, and trade names 
(where appropriate). 

All piping is ASTM A53 grade B schedule 80 seamless carbon steel pipe. 
Schedule 80 pipe allows for 3.81 mm (0.15 in.) of corrosion/erosion on 
the pipe wall thickness; corrosion of the internal pipe wall occurs 
during system shutdown and erosion occurs as the wet steam flows 
through the pipe. 

Both the header and branch p1p1ng are insulated with 8.9 cm (3.5 in.) 
of Micro-lok 650 insulation. This insulation thickness and type was 
selected from the optimization analysis conducted in the tradeoff stud
ies (see Subsection 3.1.4). Micro-lok 650 is a rigid, lightweight, 
heavy-density fiberglass pipe insulation designed for temperatures up 
to 370°c (650°F). The insulation, which is held in place by wire 
loops, is protected by aluminum jacketing with a thickness of 0.51 mm 
(0.020 in.). An asphalt and kraft paper moisture barrier is atached to 
the inside surface of the jacketing. All jacketing joints are over 
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lapped and placed to shed water. Joints that cannot be effectively 
sealed by overlapping are weatherproofed by application of an aluminum 
pigmented sealer. 

The method of accommodating the thermal expansion, which occurs when 
the piping system is heated from ambient temperature to 2880C 
(550°F), utilizes Barco joints piping ball joints with an angular 
flexing capability of 150 as well as 3600 swiveling characteris-
tics. In this application, the joints are used primarily as swivel 
joints. Figure 5.3-5 shows a detail of the expansion method for the 
header pipe using two joints at each expansion point. Thermal expan
sion at the wellhead is provided for with three joints as shown in Fig
ure 5.3-6. Referring to Figure 5.3-5, as the pipe length increases due 
to thermal expansion, the distance between the pipe runs changes 
slightly because of a difference in the angle of the offsetting sec
tion relative to ·the pipe. The pipe support system (Fig. 5.3-3) al
lows for this small lateral pipe movement. However, since the wellhead 
is stationary, three joints are required at the well connection to ac
commodate thermal e~pansion without transmitting a force or movement to 
the wellhead. 

Figure 5.3-5 TheY'lrlal E:x:pansion Technique for Header Piping 

This type of support, currently used in oil fields, was chosen because 
of its simplicity and low cost. The support consists of a section of 
80-mm (3-in.) pioe with the end embedded in a concrete footing approxi
mately 1-m (3-ft) deep by 0.3-m (1-ft) diameter. A standard pipe clamp 
and chain are used to support the pipe from the hanger. The pipe sup
ports are spaced 6-m (20-ft) apart. 

5.3.4 Operating Characteristics 

The field piping subsystem is designed to transport 43,590 kg/h (q6,100 
lb/h) of steam generated in the solar receiver to the injection wells 
at a wellhead pressure between 5.51 and 6.90 MPa (800 to 1000 psi). 
The branch piping to each well is designed for a flow of 6164 kg/h 
(13,591 lb/h) of steam. 
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Safety 
Valve 

Figure 5,3-6 Thermal Expansion Technique for WeZZ Piping 

In the morning as solar energy becomes available, the receiver pressure 
begins to rise. As the pressure becomes sufficient to supply steam to 
the wells, a receiver control valve opens and steam begins to flow. 
Additional flow to the wells is provided by the fossil-fired boilers, 
which have a total capacity of 30,390 kg/h (67,000 lb/h), As insola
tion declines near dusk and receiver pressure begins to decay, the 
pressure control valve begins to close. At night the entire injection 
load is maintained by the fossil boilers. The fossil boilers provide 
the additional service of pressurizing the main header while the re
ceiver is not in use. This prevents an induction of air that would 
cause corrosion in the piping system. 

The injection array is moved at a rate of three wells each year, After 
cutting the header and branches as described earlier, the ends are bev
eled in accordance with ANSI butt weld end preparations fgr the parti
cular size and schedule of pipe involved. As the header length in
creases 'with each additional array, Barco joints are added as shown in 
Figures 5.3-1 and 5.3-5. 

The Barco joint gasket life is a function of the number of rotational 
and flexing cycles they perform and, in this installation, leakage at 
the gaskets may occur at a rate of approximately one-third of the 
joints in service per year, Gasket repair is accomplished by adding 
packing. The packing comes in tubes and is injected through the pack
ing connections located on each Barco joint. 
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5.3.5 System Performance 
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The field piping subsystem performance can be evaluated from the per
spective of pressure loss and heat loss. Figures 5.3-7 and 5.3-8 show 
pressure loss and heat loss respectively as. a function of main header 
length. Predicted values of these parameters can be determined by 
reading the header loss on the solid line and the total head and branch 
loss on the dotted line for any header length from the receiver to the 
farthest injection array of approximately 1890 m (6200 ft). 
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The maximum pressure loss is to the farthest well and is 1.45 MPa (210 
psi). The minimum pressure loss is to the nearest well and is 0.21 MPa 
930 psi). Thus with the nearest wellhead steam pressure of 6.9 MPa 
(1000 psi), the farthest wellhead pressure is 5.65 MPa (820 psi). 
These values are within the wellhead pressure constraints of 5.51 to 
6.9 MPa (800 to 1000 psi). The pressure loss analysis is based on em
pirical friction factors and equations and the Darcy formula. 

The field piping subsystem heat loss was analyzed by a two-dimensional 
series heat transfer model. The results of this analysis, showing the 
cumulative heat loss at any point in the piping system, are shown in 
Figure 5.3-8. For a given main header length, the heat loss in the 
header can be read from the solid line and total loss to the well can 
be read from the dashed line. Specific empirical data on the conduct
ivity of the pipe, insulation and lagging as a function of temperature 
were used. Internal convective coefficients were determined by 
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pressure, temperature and velocity of the steam at several points along 
the pipe. External convective coefficients included a design wind vel
ocity of 4.9 m/s (11 mph) at an ambient temperature of 18.Joc 
(65°F). Also included were radiation losses, which assumed an emis
sivity for the aluminum lagging. The heat loss shown is for 150-mm 
(6-in.) schedule 80 header and 80-mm (3-in.) schedule 80 branch p1p1ng, 
both with 95 mm (3.5 in.) of Micro-lok 650 insulation, moisture barrier 
and lagging. 
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6.0 ECONOMIC ANALYSIS 

A major consideration in the economic analysis of the central receiver 
STEOR conceptual design was to assess the near-term economic viability 
to the potential user, Exxon. Therefore the assessment of the STEOR 
system has been made using all available user economic parameters, and 
a methodology modified to accurately reflect the commercial environ
ment. The analysis has shown that this STEOR concept is a viable al
ternative to conventional TEOR processes, both economically and in 
terms of fuel displacement, with present heliostat costs. 

6.1 METHODOLOGY 

The methodology used in the assessment of the STEOR retrofit concept 
differs from the "traditional" required revenue methodology that is 
customarily used for evaluation of solar thermal system$ in the utility 
environment. The required revenue methodology is used to calculate a 
levelized busbar energy cost (BBEC) that the utility must charge for 
energy to recover all cost incurred, including taxes on that revenue. 
However, in this commercial EOR application, only the costs incurred by 
the user are considered. The required revenue methodology, as describ
ed in The Cost of Energy from Utility-Owned Solar Electric Systems, was 
modified to calculate an "after-tax" levelized energy cost in terms of 
dollars per MWht ($/MBtu) of output. 

The levelized energy cost is calculated by 

EC = [ ( FCR x CIPV) + (1 - ,) (CRF) (o~V + ElectPV + FuelPV) ]/Annual Output 

where FCR is the levelized fixed charge rate, CRF the capital recovery 
factor, and T the applicable corporate tax rate. Cipv accounts for 
all capital expenditures prior to commercial operation; OMpv, 
Electpv and Fuelpv are the present values of all recurring costs 
incurred during operation over the system life, namely operations and 
maintenance (OM), electricity purchases (Elect) and any fuel burned 
(Fuel). The levelized fixed charge rate (FCR) is a value that, when 
applied to the capital investment over the life of the plant, expressed 
the constant fixed charges required to recover the investment, allowing 
for depreciation and investment tax credit effects. For this project, 
the FCR is calculated by 

FCR = [l - T(DPF) - a.] CRF + (.1 - ,) (61 + 82) 

where DPF is the depreciation factor for the applicable depreciation 
method and period, a. is the investment tax rate percentage, and 61 + 
62 is the combined insurance and property tax rate. 
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The economic analysis performed for this study is a straightforward 
comparison of the costs of the proposed STEOR system and cost of a con
ventional Struthers Thermoflood® steamer currently in use at the 
site. This approach was chosen because in the anticipated steam drive 
operations at the Edison field, the STEOR system would be installed in 
lieu of a conventional 25 MBtu/h steamer. The projected annual steam 
output of the solar system using Fresno insolation data is very close 
to the steam output of a conventional steamer (within 1%) and, conse
quently, instead of four conventional steamers used for steam drive, 
three conventional steamers and the solar system would be used. Since 
the methodology has been developed to calculate the levelized cost of 
energy, this economic analysis involves comparing the levelized cost of 
producing injection steam from both the solar and conventional systems 
in terms of $/MWht ($/MBtu). 

6.2 ECONOMIC ENVIRONMENT FOR ASSESSMENT 

As mentioned in the introduction to this section, a primary considera
tion in the economic analysis is to assess the economic viability to 
the STEOR concept to the user, Exxon USA. The economic parameters used 
in the analysis, developed with Exxon, are shown in Table 6.2-1. 

Table 6.2-1 Economic Parameters 

System Life 26 Years 

Initial Year of Operation 

Rate of Return (Discount Factor) 

Depreciation Period 

Depreciation Method 

Federal Income Tax Rate 

State Income Tax Rate 

Composite Tax Rate 

Investment Tax Credits (Solar) 

Investment Tax Credits (Fossil) 

Insurance and Property Tax 

1985 

15% 

11 Years 

ADR 

46% 

9% 

50.86% 

30.4% 

10% 

2.25% 

The depreciation method, accelerated depreciation ratio (ADR), is a 
composite accelerated depreciation calculation where the double-declin
ing method is used for the first two calendar years, sum-of-the years 
digits are used for the next nine calendar years, with the residual (if 
startup occurs midyear) taken in the last year of operation. The de
preciation factor (DPF) used in the FCR equation can be calculated 
using a $1 investment in midyear 1985, and is equal to 0.5891. The 
composite tax rate of 50.86% is not a direc~ addition of the federal 
and state tax rates but accounts for the deduction of the state tax 
during calculation of the federal tax. 
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The solar investment tax credit of 30.4% comprises several separate 
state and federal tax credits, again accounting for some complex inter
relationships. Simplified, this credit is made up of the standard 10% 
federal investment tax credit, 15% federal energy tax credits as speci
fied by the 1980 Windfall Profits Tax Act, and 5.4% California tax 
credits. The actual California tax credit rate applicable to this pro
ject is 25%, a portion of which is not allowed if federal credits are 
taken. This value of 30.4% tax credits is believed the most realistic 
to be in effect in 1985. However, different expectations of the vari
ous tax credits can be found, yielding possible alternatiye tax credit 
levels between 25.0 and 33.1%. Since the baseline credit is near the 
midpoint of these two alternative levels, it is believed to be area
sonable choice. 

6.2.1 Fuel Costs 

To quantify the value of the oil displaced by the STEOR system, real
istic oil costs and escalation rates must be defined. This task is 
complicated by two factors: (1) the oil currently burned in the steam
ers is heavy crude oil produced at the Edison field, and (2) the value 
of the oil is subject to the recently enacted windfall profits tax, 
other taxes and royalties. With the assistance of Exxon, the following 
fuel cost computation has been developed to provide a realistic value 
for the oil displaced by the STEOR system. 

First, tertiary recovered oil is sold at a price based on the world oil 
price, which was $5.01/MBtu ($29.72/bbl) as of February 29, 1980,* and 
was rounded to $5.06/MBtu ($30.00/bbl) for this study. Since heavy oil 
must be refined further than light crude and is usually higher in sul
fur content, there is a 10% quality debit assessed on the price of 
heavy oil, i.e., it sells for 90% of the world oil price. Thus oil 
produced at the Edison field can be sold at (0.90) (5.06) = $4.55/MBtu 
($27.00/bbl). However, the producer must pay taxes on oil sold that 
are not levied on oil burned at the site. Thus the cost to Exxon of 
oil burned in the steamers is less than the $4.55/MBtu price. 

The first of these taxes is an ad valorem tax of approximately 6%, 
yielding an oil cost,after ad valorem taxes of $4.28/MBtu ($25.38/ 
bbl). The windfall profits tax must also be calculated. It is believ
ed this project will be classified as an "incremental tertiary project, 
tier 3 heavy oil," which is subject to a tax rate of 30% o~ the dif
ference between the price of the oil after ad valorem taxes and a base 
price of $2.79/MBtu ($16.55/bbl) that escalates at the GNP deflator 
plus 2%. This formula equates to a tax of $0.45/MBtu ($2.65/bbl) in 
1980, which yields an oil cost of $3.83/MBtu. The windfall profits tax 
is due to be phased out in 1991 (assuming a tax revenue target has been 
met) and this must be taken into account in th~ energy cost analysis. 
Finally, all oil sold from the Edison field is subject to a royalty in
terest of 7%, which again is not assessed on oil burned at the site. 

*EIA weekly petroleum status report, March 31, 1980. 
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Thus the effective value of oil burned in the steamers at 1980 prices 
is (0.93) (3.83), or $3.56/MBtu ($21.14/bbl). As can be seen, the sum 
effect of the windfall profits tax and the other levies is to lower the 
price of fuel burned from $4.55 to $3.56, or a difference of $0.99/MBtu 
($5.86/bbl) as compared to burning heavy oil purchased on the market. 

As for escalation rates for oil, capital and O&M, as well as the GNP 
deflator, various sources were consulted. A real oil escalation rate 
of 2.8% above the GNP deflator of 7% was used for this study, as fore
casted by the U.S. government in "Rules for Life-Cycle Costing, Federal 
Energy Proje~ts,:• published ~n the Federal Register on January 23, 
1980, resulting 1n a total 011 escalation rate of lo%. Capital and O&M 
costs were assumed to escalate at the same rate as the GNP deflator. 
Finally, an electricity price escalation rate of 9% was assumed, based 
on recent experience. This set of fuel and escalation parameters will 
be referred to as the "world oil price" scenario. The economic analy
sis of the STEOR system was also performed using fuel costs and escala
tion rates supplied by Sandia for the repowering/retrofit studies. All 
of the applicable fuel costs and escalation rates discussed here are 
sunnnarized in Table 6.2-2. 

Table 6.2-2 Fuel Cost/Escalation Assumptions, 1980$ 

Rate of General Inflation 

Capital Escalation Rate 

O&M Escalation Rate 

Fuel Cost (Oil)* 

Oil Escalation Rate 

*Delivered to process consumption. 

World Oil 
Price 
Scenario 

7% 

7% 

7% 

$3.56/MBtu 

10% 

Sandia 
Fuel Costs 

8% 

8% 

8% 

$4.00/MBtu 

12% 

Figure 6.2-1 shows the variation of the 26-year levelized cost of fuel 
burned for the two sets of assumptions for a range of oil escalation 
rates. The levelized cost of fuel burned includes tax deductibility 
effects and the 15% discount factor, but not boiler efficiencies. Al
though the base world oil price is significantly higher than the Sandia 
fuel cost ($5.06/MBtu vs $4.00/MBtu), the effect of royalties and taxes 
serves to equalize the levelized costs. The two curves begin to con
verge at higher oil escalation rates due to increasing windfall profits 
taxes resulting from a greater difference between the world oil price 
and base price. 
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Figure 6.2-1 Fuel Cost Assumptions, 26 Yea.r System Life 

6.3 PLANT AND SYSTEM SIMULATION MODELS 
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As discussed in Section 4.5, the performance of the STEOR system has 
been analyzed using three computer models--MIRVAL, TRASYS, and STEAEC. 
The MIRVAL and TRASYS programs were used to model the performance of 
the collector field and receiver, respectively, from which performance 
parameters were developed for input to the STEAEC system simulation 
model. 

The MIRVAL computer code, developed by Pat Leary and J.D. Hankins at 
Sandia Laboratories-Livermore, is a Monte Carlo model that evaluates 
collector field performance. The model evaluates tower shadow, field 
cosines, reflectivity losses, shading and blocking, atmospheric attenu
ation and spillage losses, taking into account heliostat error para
meters and aperture sizes and orientations. Internal modifications 
were made to the code, with the assistance of Pat Leary, to account for 
the 0.65 rad (+37.5°) from north orientations of the apertures. 
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The Thermal Radiation Analysis System (TRASYS) model, a Martin Marietta 
CDC program, was used to calculate receiver reflection losses. The 
program models the reflected beam from the heliostat field and calcu
lates incident and absorbed heat fluxes on active surfaces defined by 
user input nodes. 

The annual system performance and energy output were evaluated using 
the STEAEC program also developed by Sandia Laboratories-Livermore. 
This program simulates the system performance at 15-minute intervals 
using site insolation and weather data as input. For the site weather 
data, the SOLMET TMY data tape for Fresno, CA was converted to a com
patible format for input to STEAC. 

The results of these analyses are further detailed in Section 4.5, with 
the net annual output summarized in Table 6.4-1 of the following sec
tion. 

6.4 ECONOMIC ANALYSIS RESULTS AND CONCLUSIONS 

As discussed in Section 6.1, the evaluation performed during the econo
mic analysis and presented here is a levelized cost of energy compari
son be,l.ween the STEOR system and a conventional Struthers Thermo
floodQ9 oil-fired steamer. Table 6.4-1 summarizes the capital cost, 
yearly operating costs and annual output from each technology. 

Table 6.4-1 Cost and Performance Summary, 1980$ 

Capital Cost 

Operations and Maintenance 

Operating Consumables 

Electric Purchases 

Net Annual Output 

Fuel Burned 

Conventional 
Oil-Fired Steamer 

$667,240 

$49,230 

$98,099 

$55,772 

55,444 MWht 
(189,230 MBtu) 

253,951 MBtu 
(42,764 bbl) 

Solar 
Retrofit System 

$14,033,467 

$301,024 

$40,927 

$38,520 

55,870 MWht 
(190,684 MBtu) 

-0-

The capital cost of the conventional. oil-fired steamer consists of the 
following components: Thermoflood® 25 unit ($203,000), water 
treatment equipment ($192,000), flue gas desulphurization ($151,000) 
and miscellaneous support equipment ($121,000). The costs and perfor
mance of the STEOR system are discussed in Sections 4.5 through 4.7, 
with detailed cost estimate worksheets contained in the System Require
ments Specification. All operations and maintenance expenses shown in 
the table include a 7% overhead charge charged at the site. 
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Using the methodology, economic parameters and fuel costs discussed in 
the previous sections, the levelized cost of thermal energy from the 
STEOR and conventional systems was evaluated. The significant results 
and overall conclusions are discussed in the following sections. 

6.4.1 Levelized Cost of Energy 

The baseline case is defined by the parameters shown in Table 6.2-1. 
The levelized cost of energy results in terms of $/MWht ($/MBtu), using 
the two alternative fuel and escalation scenarios previously discussed, 
are shown in Table 6.4-2. The STEOR system exhibits significant cost 
advantages over the conventional steamer units--a 15% reduction .in the 
levelized cost of thermal energy using the world oil prices escalating 
at 10% per year. Using the Sandia-supplied delivered fuel cost of 
$4.00/MBtu escalating at 12% per year, the STEOR system supplies steam 
at a levelized cost 30% less than a conventional steamer. The rate of 
return (ROR) for the STEOR system has also been calculated by determin
ing the discount factor that would be applied to the solar system that 
would yield the same system net present value as th.e conventional sys
tem with a 15% rate of return. For the baseline case of world oil 
price economics the STEOR has a 18.2% ROR, and using Sandia fuel costs, 
a 24.2% ROR. 

Table 6 .4-2 Levelized Cost of Energy Results, Baseline Economics, 1980$ 

World Oil Price 
Economics 

Sandia-Supplied Fuel 
Costs 

6.4.2 Sensitivity Analyses 

Conventional 
Oil-Fired 

$27.88/MWht 
($8.17/MBtu) 

$35.53/MWht 
($10.41/MBtu) 

Solar 
Thermal System 

$23.89/MWht 
($7.00/MBtu) 

$24.26/MWht 
($7.11/MBtu) 

To completely evaluate the cost effectiveness of the STEOR system, sen
sitivities of the levelized cost of energy to the major economic as
sumptions were examined. Each of the major sensitivities are examined 
in the following paragraphs. 

6.4.2.1 System Life - The STEOR components are designed for a 30-year 
life. However, the actual operating life of the system will be dictat
ed by the oil production from the field resulting from steam drive op
erations. It is currently estimated that the Edison field will be pro
ductive for approximately 26 years with steam drive although reservoir 
analysis is still an inexact science. Therefore the levelized cost of 
energy for the STEOR system artd conventional system~ has been calculat
ed for varying operating periods, with the results depicted in Figure 
6.4-1. As the figure shows, the STEOR concept with $230/m2 helio
stats is cost effective with operating periods much less than 26 
years. The break-even period is less than 19 years using the world oil 
price assumptions, and only 13.5 years using the Sandia-supplied fuel 
cost and 12% escalation. 
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Figu.re 6.4-1 Effects of System Operating Period on Energy Cost 

6.4.2.2 Solar O&M Expense - As a commercial solar central receiver EOR 
system has yet to be built or operated, there is some uncertainty as to 
the actual yearly operations and maintenance costs incurred. The base
line estimate of $342,000 (2.75% of the plant capital cost) has been 
reviewed and is considered to be realistic. However, as shown in 
Figure 6.4-2, the yearly O&M expense could be close to 5% of the capi
tal cost, or $695,000 per year, and still break even with conventional 
systems using world oil price economics. Using Sandia-s~pplied fuel 
costs, yearly STEOR O&M expenses could be over 8% of the capital cost 
without exceeding the conventional system energy cost. 
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6.4.2.3 Heliostat Cost - As discussed in Section 4.6, a value of 
$230/mZ (installed) has been used as a realistic near-term heliostat 
cost. However, there is some controversy as to what heliostats will 
cost in the near future. Therefore the levelized cost of energy from 
the STEOR system has been plotted against varying heliostat costs in 
Figure 6.4-3 for the baseline 26-year system life. Break-even helio
stat costs (including 15% rate of return) of $305/m2 and $455/m2 
can be calculated by plotting conventional system costs with world oil 
pricing a_nd Sandia fuel cost/ escalation assumptions, respectively. The 
shaded area, with energy costs ranging from $7.00 to $7.70/MBtu, cor
responds with •near-term ("post-Barstow") heliostat costs of $230 to 
$275/m2. Over this entire range of heliostat costs, STEOR remains 
competitive. 
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6.4.2.4 Oil Escalation Rate.- The effects of heliostat cost variations 
and oil escalation rate uncertainties have been combined in a single 
relationship shown in Figure 6.4-4. Using this graph one can determine 
the break-even oil escaiation rate for any given heliostat cost; con
versely, given an oil escalation rate, the break-even heliostat cost 
can be found. So for the baseline $230/m2 heliostat cost, the break
even oil escalation rate is 8.6% using the world oil pricing assump
tions, or 8.8% using the Sandia-supplied oil costs. Similarly, given 
the baseline oil escalation rate of 10% using the world oil pricing as
sumptions, the break-even heliostat cost is $305, as was shown in 
Figure 6.4-3. 

6.4.3 Fuel Savings 

The annual and cumulative fuel savings is an important measure of the 
effectiveness of the solar thermal EOR system, particularly in view of 
the growing shortage of petroleum supplies. At the projected annual 
output of 55,870 MWht (190,684 MBtu) from the STEOR system, 6852 m3 
(43,092 bbl) of oil will be displaced. Using the world oil pricing as
sumptions, the first year oil displacement would be worth over $1. 3M 
(1980$). OvE!r the projected 26-year life of the system, over 178,000 
ml (1.1 million bbl) of oil would be displaced. -
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6.4.4 Economic Analysis Conclusions 

The previous analyses have shown significant economic advantages of the 
STEOR system described in this report over conventional oil-fired 
steamers for thermally enhanced oil recovery operations at the Edison 
field. These cost advantages range from a 15 to 30% reduction in the 
levelized cost of energy from conventional systems using a $230/m2 
heliostat cost. The STEOR system retains its cost competitiveness even 
at heliostat costs as high as $300 to $450/m2, depending on the oil 
escalation scenario assumed. In addition, significant critical fuel 
(i.e., oil) displacement is achieved, along with increased production 
of proven heavy oil reserves. 
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7.0 DEVELOPMENT PLAN 

This development plan is for a joint DOE-Exxon project for the design, 
construction and operation of a solar field at Edison. It is consis
tent with the schedule presented in the Department of Energy Solar Re
powering/Industrual Retrofit Program Element Plan. 

7.1 DESIGN PHASE 

The design phase begins after completion of the conceptual design and 
includes development tests, system detail design, and work needed to 
obtain the necessary legal permits before construction can begin. 

Three principal development tests have been identified as necessary be
fore detail design can be completed. The first of these is a steam 
drive pilot at the Edison field. This test would confirm the suitabil
ity of the field for steam drive operations. This pilot operation is 
already planned by Exxon and preliminary work is underway. These tests 
will run through 1981 and 1982 and are required whether or not a solar 
field is envisioned. The second test is to determine the effects of 
intermittent diurnal steam injection by an actual field well experi
ment. This test will be useful for determining the effects of part
time injection so the final solar design will be appropriate, and will 
be run concurrently with the steam drive pilot. 

The third experiment will test a natural-recirculation receiver using 
Edison feedwater at design fluxes. The purpose of this test is to en
sure that the specified blowdown flow rate is sufficient to prevent 
serious fouling of the tubes by the Edison feedwater. This test can be 
accomplished using the existing 5-MWt water steam receiver already 
tested at Sandia, Alburquerque by Martin Marietta. This receiver can 
be made to simulate our design by disconnecting the superheater sec
tion. The test could be conducted either at the CRTF (if available) or 
at the IR test facility. 

The detailed design work will use information from these tests as well 
as construction information from the Solar One (Barstow) program to 
produce a detailed engineering design for the solar facility. This 
would include all aspects of the system, including controls, collec
tors, tower, receiver, piping and site, as well as a plan for installa
tion, startup, testing and operation. This design will provide the in
formation required to obtain the construction permit and tower zoning 
variance. 

Following completion of the detail design and in anticipation of actual 
construction, applications will be filed for the necessary permits for 
construction. Sufficient time has been allowed for this purpose in the 
schedule. 
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.2 CONSTRUCTION PHASE 

Following signing of the contract extension fpr the construction op
tion, construction begins with site preparation and ordering of materi
als for component fabrication. Then heliostat foundations are instal
led in parallel with construction of the control building, with preli
minary electrical work following. Fabrication of the heliostats and 
receiver is then begun and work on the tower started. Heliostat deliv
ery will be phased so they can be installed on arrival at the field. 
The receiver components will be delivered when the tower is ready for 
its installation. When most of the hardware is in place, the piping 
and control system will be installed and final system interconnections 
accomplished. 

7.3 SYSTEM CHECKOUT AND STARTUP PHASE 

After final interconnections, the system will be run through a series 
of tests designed to check all the normal and emergency operating 
modes. This will include separate tests of the heliostat field, re
ceiver, and control systems. 

Following successful checkout, initial operation of the system will 
follow. The system will be carefully monitored during this phase to 
ensure that design operating conditions are met. 

7.4 SYSTEM PERFORMANCE VALIDATION PHASE 

After successful startup the system will be operated in its normal 
modes. Sufficient data will be taken to demonstrate successful opera
tions. 

7.5 JOINT USER/DOE OPERATIONS PHASE 

This phase will include the first five years of normal operations, 
after which the system will revert to private ownership. During this 
period, data regarding O&M costs, scheduled and unscheduled downtime, 
equipment failures, cost of operations and energy produced will com
piled. 
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7.6 SCHEDULE AND MILESTONES 

The project schedules and milestones are shown in Figure 7.6-1. Final 
design will be completed by June 1982. Permits and zone variances will 
be in hand by March 1983 so construction can begin by May 1983. System 
installation will be complete by September 1984, with normal operations 
beginning in January 1985 following the checkout and startup phases. 

This schedule follows the procurement schedule given in the Solar Re
powering/Industrual Retrofit Program Element Plan draft, January 1980. 
It would be possible to tighten the early design phases of this project 
to achieve an earlier operating data. 

7.7 ROLES OF SITE OWNER, GOVERNMENT AND INDUSTRY 

Exxon will be the owner-operator of the solar field and will act as 
overall project manager. As increased steam capacity at the Edison 
field is warranted, Exxon would be willing to invest up to the total 
incremental cost of purchasing and operating additional conventional 
steamer capacity. This assumes that the risk premiums of using a new 
technology such as solar were borne by the government, and any higher 
costs above those required for conventional technology were covered by 
some type of tax-incentive program. Thus Exxon would act as project 
manager and the government would act to reduce the risk of the project 
to Exxon. Industry would provide engineering services and solar equip
ment under contract. 
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Local Climatological Data 
Annual Summary With Comparative Data 

1978 
BAKERSFIELD, CALIFORNIA 

Narrative Climatological Summary 
Bakersfield, situated in the extreme south end of the great San Joaquin Valley, is partially 
surrounded by a horse3hoe-shaped rim of mountains with an open side to the northwest and the 
crest at an average distance of 40 miles. 

The Sierra Nevadas to the northeast shut out most of the cold air that flows southward over the 
continent during winter. They also catch and store snow, which provides irrigation water for 
use during the dry months. The Tehachapi Mountains, forming the southern boundary, act as an 
obstruction to northwest wind, causing heavier precipitation on the windward slopes, high wind 
velocity over the ridges and, at times, prevailing cloudiness in the south end of the valley 
after skies have cleared elsewhere. To the west are the coast ranges, and the ocean shore lies 
at a distance of 75 to 100 miles. 

Because of the nature of the surrounding topography, there are large climatic variations within 
relatively short distances. These zones of variation may be classified as Valley, Mountain, 
and Deser.t areas, The overall climate, however, is warm and semi-arid. There is only one w~t 
season during the year, as 90 percent of all precipitation falls from October through Apri~, 
inclusi..e. Snow in the valley is infrequent, with only a trace occurring in about one year out 
of seven. Thunderstorms also seldom occur in the valley. 

S~rs are cloudless, hot and cky, The average length of the growing season is 265 days; the 
valley area is suitable for Mediterranean and specialized types of agriculture. Cotton; pota
toes, grapes, and cattle are the principal agricultural products. There· are considerable 
amounts of deciduous fruits, citrus, grain and various vegetables. There are actually more 
than 90 farm crops grown commercially. Certain crops are planted or harvested every month of 
the year. Severe freezes seldom occur and there are occasional years with no frost at all in 
certain warm areas. 

Winters are mild and semi-arid, yet fairly humid. December and January are characterized 1)1 
frequent fog, mostly noctul'hal, which prevails when marine air is trapped in the valley by a 
high pi-essure s~tem. In extreme cases this fog may last continuously for two or three weeks. 
Its depth is usually less than 3,000 feet and the same condition that produces it also causes 
clear skies with mild temperatures in the surrounding mountain and desert areas. 

Another local- characteristic is the occasionally warm, dry, southeast chinook wind that spills,. 
through the Tehachapi Pass during wint~. This wind usually attains velocities of 30 to 40D 
miles an hour, sometimes reaching as high as 60 miles an hoftr. Its path is approximately 30 
miles wide and the stream flows in a curving course around the south end of the valley, turning 
northward and rising; it is seldom manifest on the floor of the valley for a distance of more 
than 50 miles. 

During summer months northwest sea breezes frequent the Bakersfield area about twice weekly. 
When above normal temperatures prevail for several days, the gradient builds up sufficiently to 
draw in cooler air from the coastal section. During prolonged periods of drought this late 
afternoon breeze may carry varying amounts of dust, and thermal instability sometimes causes it 
to rise as high as 7,000 feet. 

noaa NATIONAL OCEANIC AND 
ATMOSPHERIC ADMINISTRATION / 

ENVIRONMENTAL DATA AND/ NATIONAL CLIMATIC CENTER 
INFORMATION SERVICE ASHEVILLE, N.C. 
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Meteorological Data For The Current Year 
Station: BAKERSFIELD,. CALJFDRNIA 

# Z3US 

T emper1ture " F 

Averages Extremes 

Month 
E E > 

>·i >.§ l I e ) ~ H d-~ ,: 0 

JAN 62. 7 4lt.8 54.R 73 13 32 25 
FFB 64, 7 41. 7 56.2 79 4 40 3 
KAR 71,6 53,!5 62.6 84 17 45 13 
APR 72,0 50, 7 61,4 es 11 42 5 
NAY 87.2 59. l 73.Z lo! 29 47 16 
JUN 93. 7 66.8 79.9 lo7 7 00 16 

JUL 99.6 72. 1 85 .9 loe 22 •• 3 
AUG 97 .!S 12.s 85.0 111 8 60 24 
SFP 88. 7 6o\. 7 76. 7 lo4 2 49 19 
OCT ae.1 61 • 7 75.2 102 14 47 31 
NOV 68,a 45.b .57.2 83 7 35 15 
DEC S4.~ :n.9 4t,,.2 70 16 25 8 

AUG DEC 
YEAR 79,l ,,., 67.8 111 8 25 8 

Temperatures ° F 

Normal Extremes 

E ~ , > 

j ~-~ £" ! I "l! i H Jt = ! ~ E £3E • 
l•I 41 41 

J ,1., 37,4 47,5 79 1974 ZD 196> 
F 63,J 41,4 !Zo4 ., 1n, z• 1949 

" 68,~ ""·' ,6,6 9Z 1969 31 1966 
A '15,5 49,9 6Zo7 98 196• 35 19'5 

" 1u.~ ,.,o A,9,1 107 1976 40 19'0 
J , .. , bl,3 ,b,9 114 1976 45 19'1 

J , ... ••• 7 83o9 m' 19'0 5J 1941 
A , .. , 66,0 U,6 19'0 ,z l94Z 
s 91,l 6Z,l , ... llZ 19n 45 19 .. 
D 10., ,,., .... 9 I0J Jt.947 z• 1971 
N 67,f 4't,Z 56,0 •1 1949 z• 1941 
D ,1,, 31,4 47,9 IZ ii'" Zl 19'1 

JU~ AN 

KERN COUNTY AIR TEII.HINAL Standard time Ullld: PACIFIC Latitude: 35° 25• N 

Relative 
Precipitation ir. lncha humidity, pct. Wind 

~days 
Baoe65"F 

Snow, Ice pellets Resultant Fastest mile Water equivalent 
~ & & & ~-~ :c :c :r l -" -" 

Ji!! j !! 
04 10 U zz gr g 

i i f. 
I -~ I! = e~ ~ ~ ci. l} 11 -~ 

~ ~ .. ~ (Local time) 
,: """ 0 """ 6 E i5 

311 0 1.21 0~55 16-17 o,o 0,0 84 77 66 78 o• 1,4 6,4 26 13 • 
241 3 4,68 3·.02 9-10 o,o 0,0 83 77 63 79 o< 1,1 6, 7 32 16 5 

82 14 2.00 o·.os 21 o.o o,o 83 71 57 76 02 1,9 6,4 21 14 31 

124 23 a.es a·.so 6-7 0,0 0,0 80 58 46 71 35 3,3 7 ,5 29 16 15 

13 273 0.02 o·.02 I o,o 0,0 54 35 23 38 3' 3, 7 7 0 7 20 31 14 

0 451 o.oo o·.oo 0,0 o,o 52 36 22 33 3' 4,7 ... 20 31 26 

0 655 o.oo o·.oo o,o o,o 47 34 21 32 31 4,0 6,9 10 31 25 
0 628 o.oo 0~00 o,o o,o 54 37 24 39 32 3,9 7 ,0 17 31 9 

0 358 a. 74 o·.63 5-6 0,0 o,o 62 45 34 51 34 2o5 ... 20 34 17 

• 332 o.oo, o·.oo o,o o,o 56 42 28 40 35 1,1 5,2 14 15 30 

236 11 0.21 o·.12 13 o,o o,o 68 57 43 64 OS 0,9 4,9 18 28 21 

578 0 o.s1 0~28 I o,o 0,0 78 70 58 73 04 0,2 4,2 16 34 19 

FEB FEB 
1594 2748 lo.31 3·,02 9-10 o,o 0,0 67 53 40 57 34 2,0 6,4 32 16 5 

Normals, Means, And Extremes 

Precipitation in inches 
Relative 

Nonnal humidity pct. 

•--Baoe65°F Water equivalent Snow, Ice pellets 

~ ~ ~ il 
:::c ::z: :::c :::c 

l. ;.?- ~i ~1 ; .?- ~1 i!' C 

·i r t i·j ·§ t -~ t 04 10 l6 ZZ i -a 
~ i5 • H ! ii i :n ! "i ~ ! ( Local time) h :c z ,. i • ,. .. • :::E .5 ,. e 

41 41 41 H 41 uu uu J9 u 

54J 0 o.•• 2,1'7 1••~ T 19,Z 1,0• 1954 T it7J T 1911 un 61 71 512 NN ,,, 0 1,01 4,61 197~ o,oJ 1967 1,01 1978 T it53 T 1151 ,, 66 So To 5,1 ENE 
166 6 0,11 4,61 1n~ T 1972 1 ••• 19'1 1., 19'7~ 1., 1974 70 II 4o 60 616 NW 
1•0 n o.~, z.,, ... , 0,00 196• 1,00 190 0,0 0,0 t4 46 IZ S, '7,Z NW 

zz 171 0,19 Z,J9 1971 o,oo 1970 1,40 1971 o,o 0,0 " n Z4 40 1,0 NW 
0 J6Z O,O6 I, II 197l 0,00 1171 1,10 l9'Z 0,0 0,0 11 14 ZJU 1,0 NIii 

0 516 0,02 O,JO 1196• 0,00 1171 o,,a 1965 0,0 0,0 •• 12 Z0 H '7,2 NW 
0 n• 0,01 l,03 1971 o,oo 1171 1,01 1977 0,0 0,0 5Z 16 Z3 a, 611 NW 

0 141 0,01 l,06 1n• o,oo 117, 0,61 1971 0,0 0,0 " •1 ITO 6,1 WNW 

" 11• 0,26 l,IZ in• 0,00 1971 l,U 1940 o,o 0,0 u •• 13 51 9,6 NW 
Z76 6 0,69 J,04 1960 o,oo 1959 1,,. 1960 0,0 0,0 ,, ., 49 .. 5,1 ENE 
,10 0 O,7. 1,10 1971 , l96Z I, 15 l'74 T 1961 T 1161 II 79 •1 Tl 5,0 ENI 

•n ,u MAR MU 
va '77, 7 52,1 64o9 lit .• ,,e 10 w 1115 zi,9 ,. 71 4,61 in~ o,oo bCT 

1971 1,01 1971 1,5 lilt 1,5 1174 H 50 17 ,. .,. NW 

Means and extremes above are from existing and comparable exposures. Annual extreme• have been exceeded at other • ites in the 
locality as follows: Bigheat temperature 118 in July 19O8J loweilt temperature 13 in December 1905; maximum. monthly snowfall 
4.0 in December 1932, maximum snowfall in 24 hours 4.0 in December 1932. 

(a) length of record, years. through the 
current year unless otherwise noted_.. 
based on January data. 

(b) 70° and above at Alaskan stations. 
• Less than one half. 
T Trace. 

IIORMLS • Based on record for the 1941-1970 period. 
DATE OF AN EfflEJI£ - The IICISt recent in cases of n,ltiple 

occurrence. 
PREVAILING WIND DIRECTION ° Record through 1963. 
WIND DIRECTION - N1111erals indicate tens of degrees clockwise 

fn:111 true north. 00 indicates cal111. 
FASTEST MILE WIND - Speed 1s fastest observed 1-afnut~ value 

when the direction ts tn tens of degrees. 

Longitude: 119 ° 03 , W Elevation (ground) : 475 feet Year: 1978 

l Number of days Average 
station 

h -~ Temperature "F pressure 

I Sunrise to sunset 
i5 

mb :a Maximum Minimum 

i; g 8. E ~i lb) Elev. 
0 l!! !~ "i "C 492 

~ h "C "C 

~i ~ fi i ·a. ~--~ • '1 ; ~ ii. ii. ~ . 
i ~~ 

!j"e Ai 'f,.!! 
• 0 fee1 : <ii cf-§ (j 

"'" ~.: ..,.8 'b :ii m.s.l. 

7 •• 4 7 20 II 0 0 12 0 0 I 0 1000.3 
7 •• 2 • 17 • 0 1 7 0 0 0 0 999.3 
7 ,4 4 7 20 11 0 0 1 0 0 0 0 998.0 
6,3 4 14 12 • 0 2 0 0 0 0 0 998.0 
2,3 22 6 3 1 0 0 0 13 0 0 0 995.9 
1,3 25 4 I 0 0 0 0 22 0 0 0 996.6 

,3 31 0 0 0 0 0 0 2• 0 0 0 994.2 
1,1 28 3 0 0 0 o. 0 25 0 0 0 995.3 
2,3 23 3 4 3 0 0 0 11 0 0 0 995.9 
2,5 22 5 4 0 0 0 0 1• 0 0 0 997.6 
4,0 18 4 • 4 0 0 3 0 0 0 0 1000.1 
6, 7 7 8 16 5 0 0 4 0 0 5 a 1003.4 

4,1 100 70 IOL 50 0 3 27 I 15 0 6 0 997 .9 

Wind 
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19 "" 
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u 19 l"O ltl n , I • 0 • • z9 0 0 0 , ... , 
I0 06 117Z 1,1 Z6 • I • 0 • • Z6 0 0 0 ··-·· ,, 1• 11?1 1,1 u • I I 0 • • 17 0 0 0 995,0 
11 ,Z 1170 ••• zo 7 • z 0 • • 6 0 • 0 991,1 
10 14 117' 4,1 II 7 10 J 0 • I • 0 • 0 1001,5 .. U 111, t,4 I , 16 5 0 • I 0 0 • 0 1001,1 

DK •• IJ ,., ,,, ZOI ,. ..... • I ZZ 110 0 , 10 0 991,1 



Average Temperature Heating Degree Days BAJERSnEI.D, C& 

Year I Jan I Feb I Mar I Apr I May I June I July I Aug I Sept I Oct I Nov I Dec !Annual SeasonjJulylAugiSeptj Oct !Novi Dec I Jan I Feb I Marl Apr1May~un3Total 
19J9 . ,. .,. ••• . ,. , .. , .. ... ... , .. ••• "· '1• "•" 1••0 "' , .. ... ... ... az. ... ... 72, • •• ,., ,., 66,. ''"·'' 

, ... ... ••• .. , 140 1• 41 • U24 
19,t.&o .. 20• ••• ••2 172 ,., 11• 11 0 1921 

lhl "· "· "· "· , .. , .. ... 79, ... , .. , .. 64,8 
&'Ut2 49, ••• ... 61, .6, , .. 8', ... 66, "· •·· 64,2 

19"0•61 •• ... • •• . .. ••• 2• •• .. 0 U6T 
l9Al•6.Z IUl ... •01 ••7 •2• •• ,. 6Z • Z6Z'l 

1943 ... ,., ... ... 70, "· .. . T9, 6•• "· , .. '4,1 
l941t . ,. , .. , .. ""· , .. 71, 82, 81, 69, , .. , .. 64,6 
1tirt, . ,. "' ,,. . .. 60, "· ,,. 82, ••• "· , .. U,J 

1962•63 •• .,,, .,. 611 11• Zl zz• 1• I ZOU 
#l9A3-64 41 ••• '" , .. ... 32 111 67 z Z,61 

19,.4.e,5 " .. , ... , .. ••• 241 ... ., 1 UH 

19.\6 ... 51, , .. 6., ... .. . ... 51, •·· •••z 
19lt7 ... ,., ""· , .. BO, , .. ... "· •·· . .. , 1,,.,.66 0 1• 2u •ot '" ••• ZI •• • I z:un 

1966-67 0 ., ZZ2 '" , .. ... 27 361 •• ' 2'02 
lh8 ,., ,o, ... ... 11, , .. ... , .. .,. U,11 
lh9 ... ••• , .. ... ... "· .,. 61, ... 64,J 

l96T-68 0 ' U7 ••• ,., 177 1• II 24 • UJI 
1961-6 •• Z77 ,,. •92 ... " •• IJ 0 ZIU 

1950 .,. , .. ... 71, ... 82, . .. 60, ,., 66,Z 1969-7 •• 201 •2• 137 .,. 1• 151 u • 1621 

19'1 ... "' 
,,, Tl, 71, ... 11, ,,, . ,. , .. •·· 65,Z ,.,. ... "· ... 72, 71, ... II, "· , .. ,., •9· 64,6 ,,,, 

"' ,o, , .. ... "· "· 11, ,,, ... ,., .,. u.e 
1970-71 ,. 11• ... ,iz •2• 2Z 111 JO • ZOU 
1971 .. 72 16' J2.9 '97 717 ... • 12 ., • ZIU 
1t1z.73 ,. ... .,, ,21 ••• 32 ,, , 0 221• 

''"' ... "· "· 72, , .. . .. "· 1 •• ... , .. . .. . .. ,. ,,,, ... 50, ... ••• "· 79, ... "· ••• ,., ,., 64,Z 
19'73-74 z• , .. ... •"' ... 11 9Z zo 0 1776 
1974-75 2 2•• ,,. "' ... a• 192 •• 0 Z147 

1956 51, .,. ,,. , .. "· ... , .. ,,, ••• ,., .1 • ..., ,.,, ... "· ,,. ••• 81, ... , .. n, ... , .. .1 • 64,l!I 
•i•sa ... , .. ,,. "· "· 12, ,,. 76, :n, , .. ,., H,1 ,,,, 51, "· on, 67, "· 16, Bl, 1 •• ••• "· . .. .. .. 

1••0 ... "· ... ... ... , .. II, "· ••• ,., •·· ., ... 
19'75-76 ,. ••• •21 .. , 272 2• uo 0 0 ZOl6 
19'76-7'7 I ... •2• , .. zz• ,. II ., 0 Ult 
19'77.'78 " 162 .,, Ill .. , I 12• u 0 1111 
19'1-79 ... ,, . 

1961 ... , .. "· .,. ., . ... a,, 1 •• ••• , .. .,. ...., 
1•12 . ,. ••• ... 66, "· ... 10, "· ••• ,., . .. 61,1 Cooling Degree Days ,,,., ... ,,. "· ... 1• • 1•. 79, 77, 66, , .. .,. 6J,4 
1•u 46, "' , .. .,. 76, ••• .. . 1•, 71, "· , .. .... ,,., •1. , .. ,,. ... "· 12, ... 72, 69, ,1, ·•· 63,1 

, ... ... ••• "· "· 71, ... 14, 1 •• 67, ,1, ... 61,Z 

Year !Jan I Feb I Marl Apr iMayµunelJulyl Aug!Septl Oct I Nov I Dae !Total 
1969 0 0 " •• IOI ••• ... ••• .. I •• u • 2610 
19'?0 2 0 • 1, JOO ... 727 •21 ,., uo II 0 2674 

1••1 ... • •• , .. 10, "· • •• "· ••• ••• 61, .,. 61,l 
1•u ... , .. ... 70, II, 8&, 79, 76, . .. "· .1 • ... , 
1••· ... "' 

,., 1•. 1•. • •• ... • •• ••• ,., '1• 66,6 
19'70 , .. , .. , .. 1•. 80, II, , .. 1,. 67, 59, 49, .,,. 

19'?1 0 0 1 u , .. 189 691 •·o ,,. 1•• 0 0 UZI 
1912 0 0 •z .. .. , • •• on ,,. JIJ •• 0 0 UIO 
l9'?J 0 0 u 7• 111 '28 624 ... .,, 111 II 0 2691 
19'?4 0 D u •• ZII •o• 6'1 .,. , .. zo• 0 • 2111 

1n1 ... ••• "· 61, 67, "· "· . .. 1., ••• ,., ... ., . .., 19'?5 0 0 1 1• 219 .90 ••• ••• , .. .,. I 0 264' 
1n2 •I• , .. 6•, ... "· ... ••• 12, ,,, ... "· ... '5,1 
1•n .,, ,,. , .. 6., 76, az. "· u, 76, ... , .. , .. .. .. 
1n• "" "' ... .,, Tl, II, ... ••• .. . 70, ,., ... n,, ,.,, •6, , .. "· "· ,,, Bl, a•. u. U, 6., , .. • •• ... , 19'76 0 • u ,. ,.. .. , 60 .. , ••• zo• >2 0 nu 

19'7'? 0 lo ii 11• 113 '" .,1 .,, . ., ZII • I 2741 
19'?1 0 • .. .. .,, ·" ·•" "21 .,. ... II 0 2741 

1•n ... ,,. 61, "· "· "· 1•. ,., 71, 59, '1• n,o 
1t77 ... , .. .,. .,. 81, 19, .,, 71, 71, 59, ,,, n,1 
&tfll , .. ... 61, 71, 1• • "· "· 76, "· "· •·· .,,. 
UCDR 
"UN .,, ,,, ... ,o, 77, 11, 11, Tl, ••• "· ••• ..., 
••x ,,, ••• "· ••• ... ... .,, 91, II, ... ,., .,.,. 
"'" JT, ••• ••• ,,. ... . ,. ., . ••• "' U, 11, 11,, 

Precipitation Snowfall 
Year I Jan I Feb I Mar 1-1~1~u1-1~,Se~j0ctj~I Dec jAnnual Season I July I Au& jseptl Oct I Nov I Dae I Jan I Feb I Marl Apr I May~unejTotal 

1919 1.u 1,00 2.n o.u o,3' o,o 0,00 o,oo o.,u 0,21 T 0,19 6,0T 19'?0•71 o,o 0,0 o,o o,o 0,0 ... 0,0 o,o 0,0 ••• o;o o,o ••• 
l9tt0 1,11 z,," 0.11 1.10 0,00 0,0 0,00 o.oo 0,00 1,,1 O,OJ 1,n '·" 19'PL•TZ 0,0 0,0 0,0 ... 0,0 o,o 0,0 0,0 0,0 o,o o,o ••• ••• 

1n2-n 0,0 0,0 0,0 ••• 0,0 ... T o,o D,O 0,0 o~o o,o T 
1941 Z,U i,J9 2.11 0,06 o,o o·,o ··" 0,49 , .. 10,9' 19'1-14 0,0 0,0 0,0 ••• 0,0 o,o 0,0 o,o 1,, ••• o;o o,o 1., 
1942 O,l• 0,6t'I 1,01 0,19 o,o 0,00 0,01 0.00 0,U 0,20 l,il 4,26 19'?4-75 0,0 0,0 0,0 ... 0,0 ... 0,0 o,o 0,0 O,D o;o o,o ••• 
1•u 1,5!1 0.10 2.,, 0,2' o,oo T o,o 0.00 o.o, 0,09 1,31 .. ,. 
1944 1,U 0.1' 0,61 .... 0,11 0100 O,OCI o,oo o,u 1,70 0,60 6,01 1n,.n 0,0 0,0 0,0 ••• 0,0 ••• 0,0 0,0 o,o o,o o;o p,o ••• 
1•0 1,91 1,11 o.,. 0,26 01 l'- 0100 T 0,01 o.,. 0,211 L,411 .,,,, 1tn-11 0,0 0,0 0,0 o,o 0,0 ... 0,0 o,o 0,0 o,o 0,0 ••• ••• 

1•11-111 0,0 0,0 0,0 o,o 0,0 o,o 0,0 ... D,O o,o o~o ••• ••• 
1•-· ... 0,11 1,01 0,01 o,.z 0,00 .... o,O T 0,41 1,14 l,H .... ,,,,_,. 0,0 0,0 0,0 ... 0,0 o,o 
19., o,2 o,U 1.01 o.,. T 0,0 0,00 o,O T 0,OI 0,0l 0,6'6 Z,H 
1tu 0,01 0,49 1;n 1,U o, 1• 0,60 0,00 o,oo 0,00 0,14 T o,,o ,.12 RECORD 
1949 ... 1,,,, 1·1u o.o, 0166 T T 0,01 0,00 ' 0,'1 o.,, 6,51 MEAN 0,0 0,0 0,0 o,o 0,0 ••• o·,o o,o ,.,. 1,7' l,04 O,U o.,., 0,02 o,oo 0,0:1 •••• 0,61 o.u .. ,. O,ll '·" 
1951 1.61 o,n 0,16 .... 0,06 o,oo T o,oo o·.oo O,U '0,U 1116 ,.11 
19'2 2,0 0,21 i.Jt 1,2' o,oo 0,00 0, IO T ' ' l,JZ L,80 t,64 
IHI o.u 0,26 l,Zt 0,5. o.,, ' T T o.oo o,Ol 0,10 0111 ,.u 
19'4 , ... o.u 1,24 0,06 T T 0,00 0,00 ·0,00 0,00 0,90 o,,., .... 
1•u 1.51 o,n o;n 0.10 0,1• 0,00 0,00 0,00 0100 0,00 0,'1 o,,o .,,. 
19'6 o.,o 0,65 T 0,94 0,40 0,00 T 0,00 T 1,46 0,00 0,0, 4,ftO 
19'7 .... O, lt'I o.u 0,96 O,ZI O,IZ T 0,00 T o.,. .. ,, L,OZ 1,H 

11918 o,9J L,U i10, 2,11 o,11 T 0,00 o,Ol o·.,, ' 0,11 0,01 1,61 
19'9 o.u 0,19 o,ot o.u 0,01 o,oo 0,00 T o.o, T 0,00 0,1, 1,17 
1960 l.'-1 l,H 0,16 .. ,, T 0,00 0,00 0,00 ' 0,01 J,04 T 7,0J 

1•u o,J9 o,u o.,. 0.04 o,oa o,oo T 0,01 ' T 01n O,i4 1,98 
1962 ··" 4,42 O.Jl 0.01 0,01 0100 0,00 o,oo 0~01 o,U T r , ... 
196:1 0,12 1,,4 1,2' 0.u 0126 0,2' 0,00 T 0111 0,11 0,94 0101 .... 
1964 0,27 o,41 0,'7 .. ,. 0,20 0,01 T o, l'? T o •• , 0.46 o. 70 •• oz 
1965 0, 74 0, l' 1,IT 1,6' a.oz T O,JO T 0.10 0,00 1.0, 1,60 •• ,o 

19H o. 70 ltl4 0.29 o.oo T T T 0,01 T 0,80 L,'8 •• u 
1967 o;96 o,o, 0,51 2.,, 0,21 0,20 0,00 0,11 0,00 1,76 o,,4 '7,0J 
1968 o.o 0,H 1,0i o.,, 0,06 0,00 T o.oo l,Zt o •• o o,u 1,14 
1969 2,U 2,U 0,21 l, 10 0,08 T T T T 0,41 o,u ,.oo 
1970 ··" l,H o.o o. 1• o,oo T 0,00 0~00 T 1,70 0, 71 1,11 

1971 0,51 o,,, 0,41 0,5' z,,, 0,00 0,00 0,11 0101 0109 0.12 1,1' ,.,1 
1'72 T o.a, T 0,01 0,02 I, II T T o.oz .. ,. '·" 0,66 ,.u 
197J Z,07 o.•• i,4' 0,11 T o,oo 0,00 o,oo o·,oo 0,16 0166 0, 79 ,.12 
197• 1.u o,U 1~,, 0.10 T 0,00 T 0,00 0,00 1,11 0,51 1,19 7,04 
1975 0,06 1,60 o.,n o.n T 0,00 0,00 o,o, T o,u 0,25 o,u •• 10 

1916 o.o, l,6't O,'t6 0,76 o,U o,oz T T 1,06 O,ll O,Jl 0,11 5,o, 
1177 o.,. 0,0'? 1.2• ' o,,, 0,06 0,02 1,01 0.00 T 0,09 1,10 •• ,z 
19TB 1.21 ···" 

2.00 0.11 0,02 o.oo 0,00 0,00 o. 74 0,00 O,ZI a,,, 10,JL 

~(CORO 
"UN 1,02 1,01 0.99 o.,. O,Jl 0,07 0,02 0,01 0,12 O,h .. ,. ... , ,.,o 

# Indicates a station move or relocation of instruments. See Station Location table. 

Record mean values above are means through the current year for the period beginnlng in 

~~~~~~1!:mto~:~i~; ~:~~u~r s!;~~t!;a~~~ 'a~d f!~
8 
A~~~;~o~~!~ion~~~e:!:f~!~~ 
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STATION LOCATION BAKERSFIELD, CALIFORNIA 

Elevation above I 
s.. Grawul ..... 

j t 
. 

J Ji !: I 1 
$ 

L0e1tion J i.tttwle l.oavtllule J i 11 
i M Re•• rks 

s i - ~ 
. t e 

1 l 
North We• t . . 

l J 
. . 

J 
!l ! !a ·I '8B -~ ~ ! 8~ 1 I 1 a u ;! d (I) .. ,. 

COOPERATIVE 

Santa Fe Rwy. Station 1/1889 9/1937 35° 22' 
14th & F Street 

119° 00' 401 5 3 

~ 

Administration Building 9/08/28 3/10/58 4 ml. NNW 35° 25' 119° 03' 489 a65 5 5 b4 3 a - 38 feet to 1/20/40. 
Kem Co. Airport #1 b - Installed 1/20/40. 

Kem County Air Tenninal 3/10/58 Present 1500 ft. 35° 25' 119° OJ' f475 c20 5 dS dS 3 eS C - 60 feet to 6/19/60. 
Meadows Field WNW d - 4 feet to 2/24/61. 

e - Coumissioned 1600 feet 
SE of thennometer site 
12/6/63. 

f • 494 feet to 12/6/63, 

Subscription Price: $2.55 per year for monthly data and annual sunmary. Foreign mailinJ $1.85 extra. Single copy: 20 cents for uonthly or annual 
issue. There is a minimn charge of $2.00 for each order of shelf-stocked iasues of publications. Make checks payable to Department of Conmerce, 
NOAA. Send payments, orders, and inquires to Publications, National Climatic Center, Federal Building, Asheville, NC 28801. 

I certify that this h an official publication of the National Oceanic and Atmospheric Administration, and h coml~led f;:_om records on file at the 
National Climatic Canter, A•heville, North Carolina 28801. ~fl ~e 

U.S. DEPARTMENT Of COMMERCE 
NATIONAL CLIMATIC CENTER 
FEDERAL BUILDING 
ASHEVILLE, N.C. 28801 

AN EQUAL OPPORTUNITY EMPLOYER 
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BAKERSFIELD. CALIFORNIA 

NATIONAL WEATHER SERVICE OFC 

KERN COUNTY AIR TERMINAL 

Local Climatological Data 
NONTHLY SUNNARY 

LA11tUD( 35, 1 25 'N LONOlhJDf. 119 1 03 'W ELEWAflOII 1GIOUNDI 17SFL SfANIJAIIID flllE USED, PACJ'F IC 

D£D'IU DAYS N(AlHEII HPU ..... . ... 
SU COtfl fEf'IPERATURE ., 

IAS£ 651 OIi 0RfES OF "' PIIEC IPI tAf 1011 ,,.,1011 WINO SUffSNlllf 
l(IIINS 

DCCUIRUCf i,,u,,, PIIU• 
fASf£5f 1= I" ,, .. .. .. ,u ·-· - .. 0 NIL( 

wi !~ ~· 2 NlltWT FOO ICIOII , .. 0 < i: 

ei 
f? J f"U .. DUSIOQ f? :;; . ! • ICl P[LL[IS 

...... t:GuTIA- IC< 

~ 
- .. ~ !i i~ II 
z . H i i I ~c ~- S Nllll l"t:LL(I! 

t:LO. <r E ii ~ 2j -lllll w --; E e: =• -, I OLIIH o""'" .... 2 
~ 

~o u i u H ~ 1 °""''•" "w i 
.. l' g i .. 0 r; g;; ,. ... ,ur •w ~le h w,. : :s I SflOllt. lllllff , .. 11.$.L. l' re; E 0 ;;: cc o~ ul 

IILOIIIIIOSflOII 

I 2 3 ' 5 6 7q 78 8 9 ID II 12 13 1, 15 !6 I 7 18 19 20 21 
I 81 26• 44 -2 24 21 0 l 8 0 0 0 28.88 14 7.5 12.11 211 "' s 4 
2 ee 40 54 e 24 II 0 0 0 0 211.79 12 4.6 7.6 11 32 10 • 3 61 35 48 2 32 17 0 8 0 0 0 28.H 30 1.6 s.s 10 28 • II 
4 70 45 SB u 34 7 0 8 0 T D 211.57 DJ 1.4 s.9 14 16 7 • s 63 SI 57 II 37 8 0 0 .IS 0 28.36 IS 15'.II 1&.1 211 13 10 10 
8 113 .... 56 10 47 9 0 0 T D 29.417 311 3,l s.9 13 04 9 9 
7 63 411 55 8 46 10 0 l 8 0 T 0 211.111 34 .. 3.3 • 04 10 7 
II 70 46 59 II 45 7 0 l 8 0 .06 0 211.114 U 3.4 6.s Ill OS 9 9 • 112 so 58 9 so 9 0 l 0 .40 0 211.87 33 4.8 e.s 10 32 9 7 

10 113 47 55 8 411 10 0 0 0 0 29. 76 02 1.4 s.o 7 211 9 II 
II 11• 53 ea• IS SI 3 0 0 .02 o 211.es 35 1.8 S.3 IS 31 9 10 
12 es 47 Sil 9 so 9 0 0 .01 0 28.ISJ 34 11.3 8.3 11 34 7 II 
13 59 44 52 s 45 13 0 0 0 0 211.83 04 1.5 s.o 7 OIi 10 II 
14 61 49 55 8 41 10 0 0 .18 o aa.:se u 4.1 s.11 13 OIi 9 7 
IS 110 411 54 7 411 II 0 0 .46 0 28.31 09 3.9 9.5 17 II 10 9 
16 52 so SI 4 47 14 0 2 8 0 .07 o a9.42 30 3.0 4.3 10 31 10 10 
17 61 411 55 8 45 ID 0 I 8 0 .06 0 28.37 1J .6 2.2 17 28 7 7 
18 58 43 SI 4 42 14 0 0 .04 0 28.53 38 3. 7 6.3 17 28 s 5 
19 59 39 .... l 40 16 0 8 0 0 0 28.7 .. OS I.I 3.7 8 24 4 4 
20 60 39 so 2 41 IS 0 I 8 0 0 0 28.71 25 .a 3.11 II 29 10 7 
21 61 44 53 s .... 12 0 2 e 0 0 on.• 27 1.0 5.3 12 IS 10 8 
22 58 42 so 2 44 15 0 2 8 0 0 0 28."8 10 .8 3.3 e 12 9 II 
23 110 39 so a 43 15 0 a 8 0 0 0 29.48 oa .7 2.11 9 33 10 10 
24 53 48 SI 3 43 14 0 I 8 0 0 0 29.28 35 3.7 4.0 12 35 10 10 
25 53 40 47 -2 38 18 0 I 8 0 .03 0 211.25 32 11.8 7.8 18 32 8 II 
211 53 33 43 -6 31 22 0 0 0 o 28.e" 14 1.6 4.5 8 aa 0 l 
27 60 29 45 -4 29 20 0 0 0 0 28.6 .. OS 2.1 5.6 10 32 a 3 
28 48 37 43• -6 30 22 0 0 .10 T 28 ... 1 13 4.4 e.o 10 02 9 e 
29 56 33 45 -4 28 20 0 0 0 0 28.5'3 1J 2.8 3.7 8 12 8 4 
30 H 40 so 0 29 IS 0 0 • II 0 29 ... 3 12 16.3 18.S 30 12 10 10 ., Rn .. ~, , , .. ,, 0 0 ,, n >9.•> ,. 1.a l,o • ... .. 10 " """ """ fOfA fOTA fOfAL TOJAL F R TH( IIDJITH1 fOJA • ... ... .. , 13~3 41n n NUllllflt OF DAYS • An T ~a.i..3 1n 4 ft •1 ,n , , .. >•1 

AYO. AYO. AYO. DfP. AYO. DEP, .... 'IECIPITAJION .. ,. DAJE1 30 , .. -·· . .•. . ... 
60.4 .. 2.7 ... ·" 4.1 40 -133 n ;,n1 (NrH 14 n.a .. -- • n 7 

EASOfl JO IIAfE SNOW, ICE P'fLLEfS 
NUIIIIIH OF DAYS TOfAL JOJA ; 1.0 INCH 0 GRfAffSJ • 4 H AND DAH'S OREAlESJ D(P7N OIi ORDUNO OF SNOII. 

NAi IIUN I ftP. "Nlftllft Tll'NP. n fH11Nft£1t4TMIIC n PRECl,ITATlftN NAN. ICE 'ElLl"fC 1rir pir• 1 ir ur. na 1rir an nayir-
i 90 • C ]' • C ~? • C D • D P. DEP, MFA" FOO 4 .•o ,._,~ T ,. 0 

0 0 I 2 n - 7 0 CLfAlt , PART Y CLOUDY 8 C nuny 21 

SUMMARY BY HOURS 
• UHtEllt: FOi ht£ IIONTH - LAST OCCUHENCE IF lfSUL TANT 
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IIDRE fNAN ONE • 
I THC£ AIIOUNT 

IIOltE 08S£RVAfl0NS PER OAT AT 3-HOUtt INffltVALS, 
FASTEST IIILE NINO S'fEDS AR£ FASTEST OBSUVED 
ONE-IIINUfE VALUES NHEN DllitECltONS ARE IN TENS 
Of DEGltf[S. THE I NlfN fHE DIIECTIOII INOICAf£S 
'ERIC OUST s,uo. 

AVERAGES 

TEIIPERATUllf 
___!I~ 

• ALSO ON AN EARL IElt DAlE, Ott DATES. 
HEAVY FOO• - VISIBILIH lie IIILE OR LESS, 
FIOUltfS FOi NINO DIIECTIONS AM TENS Of DE
GREES CLOCftNISE fROII TRUE NORTH, OD • CALII, 
DATA 111 COLS. 6 ANO 12-15 Al£ IIASEO ON 7 Git 

AIIT EltltOltS DETECTED NILL IIE CORRECTED AND 
CHANGES Ill SUIIIIART DATA NILL IIE ANNOTATED IN 
THE ANNUAL SUIIIIAfl'T 

HOURLY PRECIPITATION !WATER EQUIVALENT IN INCHESI 

i A. II. HftUR •••• RT 
2 j ' 5 ft 7 A Q 10 I ? 2 j 

I 
2 
3 
4 T 
s .DI T .o, .06 .02 .01 
6 T 
7 T 
8 
9 .04 .02 .09 . IS .07 .DI T .02 T T T 

JO 
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12 .DI T T T 
13 
14 T .01 .07 . ID T 
IS .06 .18 .18 T T .02 .02 T T 
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;! ~ ~ iz w- w 
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i~ r r~ I .. iai ~c .... i ~ il!i i 0 -" 
01 1 2a.s• 411 44 39 78 4.2 07 1.5 
O• e ao.s:J 46 43 39 78 4.7 10 2.1 
07 1 29.s" 45 42 38 79 5.3 II 2.7 
10 B 28,58 SI 411 40 89 11.9 H J.7 
13 a 28.52 57 .... 41 se 8.3 30 .9 
16 7 21i1,SD 58 so 41 56 7. 7 29 I.I 
19 7 28,52 52 46 40 611 7.5 09 a.a 
2• e 29.s" 49 45 "" 7• A.A JO 3 a 

P. "• Hftll" NftlNO Af i ' • 6 7 • • IU l2 
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3-HOUR 
f[NPERAlURf TE"PEIIATUIIE lf"PfRAIURE 

........ ::- ::- .. ~ 
.... "' . . ::- .. . . . ii ~ . r . il ii r • • • 

DAY 01 DAY 02 DAT 03 

QI Q UNL 7 ,. 33 30 82 .. 5 S UNL 15 .7 31 20 3 .. 04 0 UNL 15 .3 30 3• 71 33 7 

•• D UNL 1 33 31 20 82 DO 0 7 UNL 10 .. ,. 30 es , .. 0 UNL 10 30 38 36 H 33 . 
01 I UHL 2 or 20 .. 20 .. 3• 3 10 2&0 10 .. .. 20 .. 12 ID 1'5,0 1 30 33 28 73 27 3 NOTES 
10 4 UHL 2 0 <H •• 30 30 7lil 21!1 • 10 .DO •• 56 . , •• 21 ... .. l!I UHL 5 <H 5• •3 30 .. .. • 
13 3 UNL • <H 5• .. 30 .. 30 10 10 100 15 65 .. 13 13 12 , . Iii ISO 5 <H ., .. 31 37 32 3 CEILING 
10 8 UNL .. 50 .. 20 33 13 ,. ID l&D 30 •• ., 31 3-4 OD 0 7 2&0 10 •• .. 3 • 311 2-4 1 UNL 1e1c•1H -.1"l'H 
18 10 ... .. ., 30 05 12 14 2• 10 J&Q 20 ., .. , . 211 11 5 3 UNL .. •• .. 32 50 .. . 
,2 3 UHL 10 ., 30 02 12 14 2• ID 160 .. .. .. 35 71 29 5 ID 120 IQ 

., ., 33 lf,11 08 • 
DAY 04 DAY O& OAT Qt, 

DI 10 .. 10 .. •2 36 &3 a • 10 130 1 ., .3 17 UII 11!1 • 10 65 30 •• .. .. 110 3• 
04 10 •• 10 ., •2 35 63 11 • 10 100 • 02 .. 32 32 16 , . • •• .. •• . , .. 13 DD WEATHER 
07 3 UNl 5 <H .. .. 33 13 08 5 10 70 30 53 ., •o 82 13 23 10 70 15 52 .. .. 77 D• 11 

10 0 UNl 1 60 .. .. 31 12 3 8 2!'10 30 •• .. . , Sl Ill 12 • ,. • 53 .. .. 77 DD 0 fOR-AOO 
13 ID UNL 10 •• .. 20 21 27 • 10 80 .. 00 00 .. .. 17 • • 8 UHL .. 62 55 .. 113 ;17 • T fHUNDfRSTOltN 
Ill ID ... 5 .. •• .. 3. 33 30 1 10 80 1 •w 55 .. .3 fl"' I') 12 JO 2&0 .. 63 5. .7 &8 3'S 5 • SQUALL 
II JD 150 • <H 56 ., 38 ISi 31!1 5 IQ •• "" .. .. •2 114 JS ,. 7 UNL 7 .. 50 •7 77 36 • • RAUi 
22 10 130 • '" .. .. 30 64 OJ • 10 •• •w 55 .. ., &Iii 115> • 10 no 5• 50 .7 77 12 5 •• IIAIN 5H0Nflt5 

DAY 07 Df'Y 08 DAY oa ,. FRfEZINO RAIN 

01 7 UHL 7 50 ., .. 1!10 DD 7 00 7 50 • 7 .. 83 OD 0 10 25 3 .... •• 52 50 83 30 • L OlllllLE 

O• ID 120 10 50 • 7 .. 83 05 . 3 UNL 5 '" 50 .. .3 77 12 • 10 >5 • .. , 55 53 .. ee 35 5 lL FllffllNG OllllllE 

07 ID 100 3 •• .. .. •2 Bl DD 0 3 UNL 3 '" .. .. •2 ae 12 • 10 10 0 . , •• 52 .. ao 32 7 s SNON 

10 ID ... 3 <H •• •• •7 7S 25 3 7 UNL 20 50 .. .. eo 21 • 10 •• 7 5• 52 50 ee32 7 SP s .. 0111 ,nu,s 

13 ID 120 • <H •• 53 .. 65 3J • 10 UNL 20 •• •• •5 •7 23 • 10 •• 10 .. 53 .. 83 , .. 7 IC ICE CIIY5fALS 
11 ID 60 1 03 55 .. ea 3e • 10 80 10 .. 55 .. ., 16 3 3 UNL 10 

., 5• .. es 33 • •• 5 .. 0111 SNONEIS 

•• . ... 7 .. .. .. HOD 0 10 50 7 •• .. .. 52 ID • J UNL 55 .. .. 77 38 • SG S .. 0111 GRAINS •• 0 UNL 52 .. .. BO II • 10 50 5 ., 50 53 50 80 Oli •• 7 Ul'IL •• .. .. ee 13 • IP ICE PELLffS 

OAT JO DAV 11 OAT 12 • NAIL 

01 3 U"l 10 •• .. .. 9e 01 5 ID 120 10 5. .. .. 80 10 • 10 05 7 •• ., 50 9,. ca • , •oo 
•• 0 UNL 10 50 

., .. 83 0 .. • 8 •• IQ .. 50 •7 77 00 0 IQ •• 7 50 50 •• 9,. 10 • " ICE FOO 

07 • UNI. 30 •• •• •2 100 12 • 10 .. 30 5• 51 •• 93 oa • 10 38 7 "" 58 55 • 3 8" :u • •• GROU!itO FOG 

10 7 UNL 3D 5• 50 .7 77 23 • IQ ., 30 ., 02 .. 72 , .. 5 8 UNL .. 50 5. 52 78 31i 13 BO ILOIIIING OUST 

13 8 UNL 30 ., 5. .. 13 31 • 8 120 .. ., ., 50 H 02 3 7 .. •• 62 5. .. 60 32 12 9" l!ILONINO SANO 

•• 8 UNL •• 83 5• •7 se a • Iii 150 •• 71 •• 53 53 00 0 .. UNL 30 03 5• . , HI 33 1 .. as ILONINO SNON 

•• a 100 7 ., 53 •• 78 36 3 10 26 5 •• •• 58 81 32 12 0 UNL 30 .. •• .. H D • a, BL- ING SPIIAY .. • 80 1 53 .. .. 77 oe • 10 05 7 . , • • •• 9• 28 7 0 UNL 30 .. .. •3 83 00 0 Sfl0Kf 

DAY 13 DAY 14 DAY JS 
NAlf 

01 D UNL 3D • 7 .. •• 83 08 5 10 UNL 10 .. .. .. 80 OD 0 10 •• .. 55 .7 30 53 13 ID ousr 

•• 0 UNL .. .. .. ., 193 DO 0 10 120 30 .. .. 30 "" 08 5 10 50 .. •w 52 .. .. 77 34 8 
07 J UNL 30 •• •• .. ae De 5 10 100 30 58 .. 32 37 13 • 10 •5 7 .. •7 .. 77 12 II 

WIND 
10 10 ao 30 50 • 7 .. 83 11 5 IQ 00 20 ., • 7 32 3 .. 22 • 10 05 20 .. .. .. 83 10 • 
13 ID 130 30 ., 5i .7 ea 31 • 10 50 10 ow •2 .. .. 77 08 10 10 •• 7 ow •• 52 .. 80 ID 

DIRECT' IONS Alt£ THOSE FltOfl 
II ID 120 •• 58 .. .. 70 27 5 5 UNL 30 58 •• .. es 15 IQ •• .. 56 53 50 80 31 

18 ID 120 15 5. 50 ., 77 De 6 3 UNL 30 52 .. .. 80 DO 8 •• 20 ., ., .. ee 3" 7 NHICH TttE NU•O BLONS. INDI-

22 10 120 10 •• .. .7 ea 21 3 1 UNL 30 .. .. •o 71 JO 0 00 .. "" 5> 50 •o ao 13 • CAT£0 IN TENS Of O(OIIEES 
FRON T"Uf NQUH1 I.£ •• D9 

DAY 16 OAT 17 DAY 18 FD" £AST'. 11!1 FOlt SOUTH. 27 

01 10 •• 10 • 5> .. .7 83 12 10 17 3 , 50 .. .. 86 DD 0 10 3S 7 ow •o • 7 .. 83 36 • FOlt WEST. UTltY Of' 00 IN 
04 JO 00 10 • 52 .. .7 83 00 IQ 10 2 r .. .7 .. ea Do 0 • .. 10 .. .. .. 77 II • TH£ DIRECTION COLUNN INOI-
07 10 ,. 2 r<H 50 .. .7 ea 2a 10 2• 3 F<H 50 .. .. 88 DD 0 10 .. IQ .7 .. .. 77 ID 3 CATES CALN • 
10 10 • 0 .. F"II.M •• .. • 7 9a ae 7 8 •2 . r<H .. •o .7 86 oo 0 7 40 10 .3 • 7 .. 00 03 • 
13 ID •o I • r .. .. .7 .... • • .. • '" 57 .. .. &4 20 3 • UNL •• .. .. •2 ea 32 • SPEED IS UP'IESSED IN KNOJS1 
18 JD • • r 50 .. .7 .. 32 . 0 UNL IQ 80 .. .. 58 IB 7 50 20 58 50 •• se. 31 10 PIULTIPLY !IY 1-1"- TO CONVfltT 
JCI 10 10 5 r 50 .. .. 88 26 . 0 UNL 10 53 .. .. , .. 02 0 UNL 30 .. .. ., 74 01 . 

TO ftJLES PER H0Ult. 
22 10 • 3 r •• .. .7 8lil 00 0 2 UNL 7 .. .. •2 BO 07 0 UHL 30 .. •• 30 80 DO 0 

DAY 18 OAT 20 OAT 21 

01 ID 180 .. ., 38 BO 01 • D UNL •2 .. 38 86 DO 0 0 UHL 3 r .7 .. .. ea 36 5 

•• 7 05 •2 .. 38 86 00 0 0 UNL ID 30 38 38 89 16 • • UHL • r .. •3 •• ea 21 5 

07 1 UNL '" .. 38 36 88 OD 0 6 UNL "" 30 37 3• 82 DD 0 10 I 0 2 r .. .3 •2 113 15 10 

10 1 UNL '" .. .. . , 77 ... 3 II Ufill .. .. .. 77 22 3 JO 250 0 12 r .. .. .. 80 00 0 

13 3 UNL 7 •• .. ., 511 12 • 10 ,a50 "" .. •• .. 75 30 • JO UHL 3 '" •• 5• .. e1 2e 7 , . • 38 10 ., .. ., 5li 23 • ID 250 "" S7 52 .7 611 22 JO 120 5 "" •• .. .. 70 32 • •• a UNL 10 •• .. •• 71 36 . 10 160 .. .. .. ea 31i 10 120 • <H 53 50 .. 83 00 0 .. 0 UHL 10 •7 •• .. 77 0 .. • 10 250 .. .. •3 83 oa 8 250 2 8 , .. .. .. ee oe • 
DAV 22 DAY i13 DAY 2• 

01 3 UNL 2 . , .. .3 ., ea oo 0 10 2 3 F •2 ., 30 89 00 0 10 ,. 2 . '" •• • 7 .. 83 DO 0 

04 ID 0 0 r •• .3 •2 113 JD • 3 UNL 8 r •3 .. •o ea oo 0 IQ 17 3 r<H .. .. .. 83 OD 0 

07 10 II 0 10 F" .. .. .. ea oo 0 IQ 0 0 r •3 •2 .. 89 JI -•. 10 10 I 8 FIC.M .. .. .3 83 00 0 

10 10 12 I r 50 .. .. 1!16 18 3 10 .. D 12 F" •7 .5 .3 86 20 • IQ ,£'.\ 2 8 <H •• • 7 .. •• 30 5 

13 • •• I 8 <H .3 .. .. ,.. aa • IQ .. 3 "" •• •• .. 72 36 . 10 25 3 <H 53 .7 •2 ee 34 • ,. • UNL I 8 <H ., 5> ., ea 1a . 10 2,;o "" 56 .. .. 69 35 • 10 .. 3 <H 53 .. •3 ea 32 5 

•• 3 UNL 3 <H .. .. . , 83 33 • IQ ,. "" .. .7 •• 77 00 0 10 28 3 '" 50 .. .. .,., 35, • •• 3 UNL 3 "" .7 .. •2 83 DB . 10 10 "" 50 • 7 .. 80 00 0 10 3S 3 '" .. .. . , ., .. 04 . 
DAV 21) DAY 26 OAT 27 

QI IQ 35 <H .. .. .3 83 30 10 •• .. •2 30 35 76 09 0 UNL 30 36 33 •• 73 13 3 

04 JO .. '" .7 .. •2 Bl a6 0 UNL 30 30 36 33 79 01 0 UNL 30 3• 31 26 73 01 • 
07 0 •• r •2 ., 30 811 32 . • UNL 30 36 33 28 73 00 0 UNL 30 32 30 •• 75 00 0 

ID JO 35 7 .. .3 38 77 3• 10 0 UNL 30 .. 37 28 53 2• 0 UHL 30 .. 30 31 58 1• • 
13 7 120 10 ow 50 •• 37 61 30 13 0 UNL 30 50 •2 31 •8 18 . iii UHL 30 56 .. 20 3• 27 • •• 3 UNL ,. 

"" S3 .3 32 .. 32 0 0 UNL 30 .. •3 30 ... 26 3 3 UHL 30 •• .. 28 31 oa • ,. D UHL 15 •• .. 3• 66 36 • 0 UHL .. •7 .. 31 54 12 • 10 •• .. .7 ., 33 58 36 • .. 1 UHL .. .3 30 3• 7J OJ . 0 UNL .. .. 36 30 68 12 • 8 70 .. .. ., 35 .... 3 

DAY 28 DAY 211 QA'r 30 

01 4 UNL .. •• •• 30 7• 01 • 0 UNL .. 38 36 33 B2 00 0 8 UHL 30 .. .. 20 '5 ... . 
•• 1 UNL .. 30 36 33 711 Olil 5 0 UNL •• 3S 33 30 82 OD 0 10 100 30 .. 37 25 .. IQ • 
07 • •• 15 •• 37 3• 711 Ui 5 0 UNL 30 33 31 28 82 11 • 10 00 30 .. 37 20 47 12 • 
10 JD .. 8 . , 30 37 86 13 • 3 UNL 30 .. .. 32 58 llil • 10 •• 30 55 .. 30 38 10 10 

13 10 .. 10 .. •• 37 74 HI • 9 UNL 30 •• •2 30 •3 12 5 IQ •• 30 50 .. 32 3& 1a 17 

18 3 UNL 15 .. •2 30 7• 15 8 II UNL 30 •• ., 21 28 00 0 10 100 .. 50 .. 30 37 12 22 

•• 4 UNL ,. •• 30 30 79 JCI • B UHL 30 .. 37 26 41 01 • IQ ., 7 ow 53 •3 30 •1 13 23 .. • 80 •• •• 38 35 82 09 • 1 UHL 30 
., 35 27 58 08 • • •• 30 .. ., 33 56 12 25 

DAY 31 
DJ ID .. ow •7 .3 38 71 13 10 
D .. 10 .. 7 .. •• 38 74 13 12 
07 • •• 30 •3 .. 37 79 OD 0 
10 e ao 30 •• .. .. 611 11 7 
13 10 .. 30 •• .. 35 39 J3 .. 
HI 10 .. 10 ow • 7 .. .. 77 2• 8 STATION TfAlt & NONTH 

Ill 10 •• •• ow •• •3 35 57 18 ,. 
aa JO •• 10 •w .. .3 38 &ea . BAKEASF" IELD CAL JF"BANlA 70 01 

u.s. DEPARTMENT OF COMMERCE AN £DUAL OPPORTUN I TT ENPLOYER 
f'OSTAOt: flMJ FUS f'RID (I] NATIONAL CLIMATIC CENTER u.s. Dt:,_Tfl(NT o, CDfllllWCt: 

FEDERAL BUILDING COM-210 
ASHEVILLE. N.C. 28801 

U'IAI 

FIRST CLASS 

A-7 



fEBRUARY 1979 Local Climatological Data BAKERSFIELD, CALIFORNIA 

NATIONAL HEATHER SERVICE OFC 

KERN COUNTY AIR TERMINAL 

LAllfUOf 35, 1 2S 'N LONClfUOE ua' 03 '1,,1 f.LfYAflDN ,oactufllDI 47SFT. SIAIIOtllD llltf UHD• PAC IF IC J.l&AN G3155 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2& 
27 
28 

58 
55 
57 
80 
83 
85 
ea 
83 
58 
82 
70 
79• 
88 
81 
59 
80 
82 
81 
58 
54 
80 
59 
59 
82 
70 
82 
81 
63 

.... 
733 

Avn. 
ALQ 

44 
44 
38 
36 
38 
40 
39 
40 
35• 
40 
41 
45 
55 
48 
40 
43 
43 
42 
48 
45 
48 
41 
44 
39 
44 
43 
43 
41 

••• 
118§ 

51 
50 
48 
48 
51 
53 
53 
52 
48• 
51 
58 
62 
62• 
54 
50 
52 
53 
52 
53 
50 
54 
50 
52 
51 
57 
53 
52 
52 

I 
0 

-2 
-3 

0 
2 
2 
I 

-a 
-I 

4 
10 
10 

2 
-3 
-I 

0 
-I 

0 
-3 

0 
-4 
-2 
-3 

3 
-I 
-2 
-2 

42 
40 
38 
38 
38 
38 
41 
43 
43 
4~ 
43 
45 
44 
45 
42 
43 
45 
45 
49 
48 
48 
43 
45 
43 
48 
48 
44 
44 

O(GRH OHS 

IASf SS" 

7A 

14 
15 
17 
17 
14 
12 
12 
13 
19 
14 
9 
3 
3 

II 
15 
13 
12 
13 
12 
15 
II 
15 
13 
14 

8 
12 
13 
13 

TOTAL 

78 

TOTA 

't(AHtU nl'ES 
ON 0Aff5 0, 
DCCUHUCE , ... 

1 "'"'' ,oo J '"""°'•SIOlttl 
• ICI l"flLIIS 
lfllllll 
I OLAH 
l DUSISIDlltl 
I $"OWi[, tlAH 
I llOIIINO SIIIOII 

0 I 
0 
0 I 
0 
0 
0 
0 
0 
0 2 
0 I 
0 
0 
0 
0 
0 
0 
0 
0 I 
0 I 
0 I 
0 
0 
0 
0 
0 
0 
0 
0 

8 

8 

8 
8 
8 
8 

8 
8 
8 
8 
8 

8 
8 
8 

8 

n NU"IIEI AF DAYS 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

,, AVO, OFI', .... PIIECIPITATION 
-n.3 •3 - a ; ,01 INCH 10 

EASMI fO OATS SNOM, IC£ 1'£LLETS 

10 
.18 

T 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.28 
T 
0 

.01 
0 
0 

.15 
,41 
.12 
.18 
.04 

0 
0 

.04 
0 

.02 

TOJIH. . .. 
a.,e 

II 

TOTA 

Wl~O 

12 13 14 IS 16 17 
o 2e.• oa .e e.:, 
o 29,49 02 2.9 a.a 
o 211.7• 10 1.:, s.e 
0 211,71 OSI 1.0 • .S 
0 28,70 02 1,7 5.6 
o aa.1• 10 :s.1 s.o 
o a11.1a u 1.e s.a 
oaa.1210 1.a • .:s 
0 29,76 01 .l!!I 2,7 
o aa.ee 1e 1.e :s.1 
o 211.11-4 o:s 1 .e s.e 
0 211,5• 03 ·"' 5.0 
o 211.• 1 011 s.2 a.a 
0 211.53 33 s.s 7.9 
o 2a.sa oe 1 .a :s.s 
o aa.e .. o• 2.11 1.:s 
o 211. 1:1 o:s a.a • .o 
o aa.ea oa 1. 1 • .11 
o 211.ae :s:s a.e :s.1 
o iHl.11 oe 1.a e.e 
o aa.:s• a • .s a.e 
D 28,-48 1'4 1.7 '4.11 
0 211,IJII 315 3. 7 IJ,B 
0 211.73 38 .lit 5,0 
o a.112 30 2.2 5.a 
0 28.61 35 5.5 7.5 
0 29.IHI oa 3.3 s.s 
o 29,""8 oe a.o :,.s 

IIDNfH1 

l • 27 
12 30 

8 15 
12 33 
10 30 

9 08 
8 02 
9 15 
9 14 
7 12 

l • :50 
12 28 
16 13 
17 27 

9 32 
13 31 

9 01 
9 13 
9 31 

15 33 
18 27 
l • 3• 
16 35 
lD 03 
JO 3• 
19 33 

9 08 
a a 

n ,ag A 
F II TH 

,n~ I o & & I• 'l'I 

·lrNIU:1 

SUIISMIIU 
sn cou• 

IUlttS 

18 19 20 21 22 

TOfA • 

9 
10 

I 
0 
4 
8 
7 
9 
9 
7 
6 
8 

10 
II 
!J 
8 
5 
9 
9 

10 
8 
7 
4 

10 
9 
8 
9 
II 

8 I 
9 2 
2 3 
0 4 
4 5 
3 II 
8 7 
1 8 
7 9 
11 10 
4 II 
8 12 

10 13 
5 14 
3 15 
4 Ill 
4 17 
II 18 
8 19 
8 20 
9 21 
7 22 
4 23 
7 24 
1 as 
8 28 
5 27 
II 28 

··~ .... 
FDII UICI ••• 

JnTq TflT'I ; ,n lllt'H 

1tA• "Uft T ftp. " N ltUlt ru,. D T"UNDUSTDllltS 
MFRff'ST N '4 HOtJlt~ ANA AATF!I 

l'IIHII' TATIDN SNON, 11:'.E ,_., 1 qs 
011£AT£ST DEl'fH ON OIIOUIIO OF SNON. 

ICE ,_., 1 _.TS QI ICE SIMD DATE 
i, 90 C 32 C 32 I C D • DEP, nir,. HIAVY FM &1 ~n-~t DI I n 

n n n n - 7~ n r-1 ¥Al :a l'RIIT y t n11ny C n""T I sr. 

• EITRt:flE FOR fHE ,tQNTH - L'IST OCCURIIENCf. IF 
ltOIIE THAN ONE • 

T TIIAcE AltOUNf 
• ALSO ON RN Ulllt.lU 0Af£, 011 DATES, 
HEAVY FOO• - VISIIILlfY 1/4 "IL£ 011 LESS, 
FJOUIES FOIi NINO DIIECTIONS All£ TENS Of DE
OIIEES CLOCKNISE FIIOlt fltU£ NORTH, 00 • CAllt, 
OAfA IN COLS, 6 AND 12-15 AIU IRSED ON 7 OIi 

ltOU Ol&U'fATIONS PER ORY AT J-HOUI INTE.ftVALS, 
FASlEST IIILE NINO Sl'EEDS AW£ fRSTESf OBSEIIYED 
Olff:-IIINUT£ VALUES NHEN Ollt£CTIONS AltE lN TENS 
Of OE011£ES. THE / NITH THE DIIIECTION JNDICAfES 
PEAR OUST S1'££0. 
Alm UltOIS DETECIED NILL BE COIIIIECTED AND 
CNANOES IN SUflftMY DATA NILL IE ANNOTATED IN 
IHE ANNUAL SUltMltY 

~~ 
°ill 

!! 
01 
o• 
07 
10 
13 
16 
19 
22 

SUMMARY BY HOURS 
AY(IIAOES 

,. fEltPFRATUIIIF ., .. 
!:! d. ~ .: .. • i~ 8! - wz ::- . 

~ 
• -

! r- .. -.. i~ " ii "' - !!.; 
"' l!I fl i 

• 29.Bl 47 45 43 115 4.8 
5 29.80 411 43 41 811 4.1 
6 29.53 4• 42 40 n 4.5 
e 2e.as 52 48 44 711 4.9 
8 29,8D 58 51 45 112 7.1 
7 29.57 61 sa 44 H 7.0 
e 29.ss 5• 49 45 71 5.3 
5 ~9,An ~n 47 .. ~n R 

lf.&ULTANf 
~I,!!__ 

~ 
.. % 

u 

i; ~ =t 
a 
07 3.0 
II LIi 
II 2.0 
17 1.8 
31 3.0 
32 11.0 
02 3.1 
n~ ~ A 

HOURLY PRECIPITATION !WATER EQUIVALENT IN INCHES I 

i A. ft, HOUII • •• P. "· 11nu11 EN"'N ., 
i 2 • • • • 1 " • a 11 17 7 3 • s • 1 " • 17 

I T .09 .04 .Q!J I 
2 T T T 2 
3 3 
4 4 
5 !J 
II 8 
7 7 
8 8 
9 9 

10 10 
II II 
12 12 
13 T T T .02 T ,03 .07 .02 T .01 .03 .04 .04 13 
14 T 14 
15 IS 
Ill T .QI T T 18 
17 17 
18 18 
19 T .02 T T .04 .Q!J .01 .02 .OJ 19 
20 T T .03 .03 ,DI T T T .01 . 10 .18 .01 ao 
21 .04 .04 .02 T T .02 T 21 
22 T T .10 .07 .01 22 
23 .01 .01 .02 23 
24 24 
25 as 
28 .02 .QI T .QI T 28 
27 27 
28 T T .02 28 

SUISCIIPTION PRICE• t2,6S Pf.Iii YEAR INCLLIDINO ANNUAL SU"flARY. FOREIGN "AILING 11.as EXTRA. SIJi!GlE COPY1 20 CENTS FDR l'tQ~Tl1LY OR ANNUAl ISSUE- THERE 
IS A PIIJN1"U" CHUO£ OF 12.00 FOR EACH ORDER OF SH£LF-STOCN£0 ISSUES Of PUBLICATIONS. "ARE CHECKS PAYABLE TO DEPARf"ENT OF co""ERCE. ~OAA. SEND 
l"AY"fNTS. OROfRS, AND INQUIRIES TO NATIONAL CLJPIATIC CENf(R. FEDERAL BUILDING, ASHfVlllE, r,jQ•HN CAROllNA ZBSOr. 

I cun1n THAI THIS IS AN OFFICIAL PUBLICAfJON OF T11£ NATIONAL OCEANIC ANO ATNOSPHERJC ADftlNISJRATION. Af\10 IS CD"PILEO FIIOft ltECOIDS OJil FILE Ar Ht[ 

•nATJDoNAL (Lalfffl'la' CE•nu. ASH[VILLE. NORTH CAROLINA 28101- fl . .,,,,,,, /:7 _,,..,/,,,,.,A A./'7 

NAT JO~AL OCEA~JC ANO / ENYIRON"ENTAL DATA ANO ~ CLJ. ~ 
ATNOSPHERJC AO"INJSIRATION INFOR"ATION SERVICE DIRECTOR, NATIONAL CLl"ATJC CENTER 

USCO"N--NOAA- -ASHE YI LLE 03/JOl'Jt 400 
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"Tl 
l'T'I 
a, 
:;o 
C 
:0 
:;o 
-< 

(0 
.....:, 
<D 

a, 
:0 
:,c 
l'T'I 
:;o 
(/1 
"Tl 

l'T'I 
r 
CJ 

n 
:0 
r 
"Tl 
0 
:;o 
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.... , ... ~ ::-. ii ;; 

DAY 01 

01 JO •o .. ... ... .. 83 30 

04 10 7 ' .. ... .. ea 12 
07 JO • I . .., .. ... 4> 1118 UI 

10 9 UNL • <H .. ... .... 00 IHI 
13 • UNL 7 •4 .. .... 158 2111 .. • 70 •• •• 47 30 51!, 33 

•• 10 ,. 30 .. .. 41 n oa .. • •• 15 .. .. ..., 1110 13 

DAY 0"1 
DI D UNL 7 41 38 34 78 04 

04 D UNL 7 ,. 30 33 a:2 u 
07 D UNI. 7 30 34 32 8~ 00 

10 D UNL 7 ., ... 37 55 1e 

13 0 UNI. 7 •• .. 30 !53 111 

•• D UNI. • •• 50 41 5,J 33 

•• 0 UNL ID "" 44 37 61 00 
22 0 UHL ' 

.,. .. 38 71 10 

DAY 07 
01 0 UNL 10 .. 41 38 1110 12 

04 0 UNL 10 4> "° 30 1!1115 oa 

07 3 UNL 10 30 38 37 g:s oa 
10 15 UNL 10 .. ... ., 58 21 

13 0 UIO. 8 61 •• 43 !.2 .12 

11 ID UNL 7 64 ., 43 •7 28 

18 10 UNL 10 .4 .. .... 8CI 04' 

22 JO UNL 10 .. .. 43 1!13 11 

DAY JO 
01 3 UNL 2 '" .. ... 43 83 00 

04 3 UNL 2 •M .3 •• 41 83 115 

07 4 UNL 0 U F"H "° 30 38 Cl3 OD 

10 8 UNL l rM .. 47 .. ae 25 

13 ID 200 • <M 57 .. .. 64 17 

10 5 UNL 2 0 <H 82 .. .. 54 ;n 

•• I!, UNL 3 KM 52 .. ... 77 11 

22 0 UNL • <M 50 ... .3 77 oa 

DAY 13 
DI 8 U0 7 •o •• .... 56 08 
04 10 1bo 10 03 47 20 ;n 12 

07 ID 100 30 •• 47 35 • I 215 

10 10 OD 30 AM 63 51 40 .,., ca 
13 ID OD 20 "" 02 •• •o 65 Q'!,, 

18 10 OD 7 AM •• 58 •2 83 03 
•• 10 75 60 55 52 75 oa 
22 JO 10 OM ., 03 ... 75 16 

DAY 16 
01 0 UNL •• •4 4; 10 96 Ui 

D4 10 UNL 15 44 42 40 815 OIi 

07 JD 120 .. .. ., •O e3 ca 

JO JO .. 7 QM 50 ... ... 88 12 

13 • "° 10 ., ., .. 97 32 

18 2 UNL 15 60 •• .. 58 31 

10 D UNL 30 52 .. .. 80 02 

22 0 UNL 30 .. .. 12 86 35 

DAY 18 
01 10 00 ID • 51 .. .. 90 30 

O• 10 .. 2 F 51 00 .. 93 00 

07 10 • 0 8 ALF' 50 •• 50 100 DO 

10 10 00 0 12' F 50 •o 50 100 32 

13 10 30 7 ., ., .. 
16 • 85 10 ., •• .. 
10 4 UNL 15 57 52 47 .. 0 UNL • KH ... .. .7 

DAY 22 
01 4 UNL 30 .. .. .. 
04 2 UNL 30 .. •3 •1 
07 3 UNL 20 • I •O 

,. 
10 3 UNL 30 •• 47 • l 
13 10 70 30 •• .. "" 16 JO •o 20 57 50 .3 
18 10 .. 20 AM 56 .. .. 
22 10 50 10 50 •• .. 

DAY ~5 
01 l!I 260 20 40 ., ... 
04 10 200 20 50 .. " 07 JO 2•0 ,. .. 45 .. 
10 JO 200 10 54 ., 50 

13 8 1~0 20 •• ., .. 
•• B UNL 30 70 58 ... 
ISi 10 UNL 20 01 5. .. 
22 4 UNL 20 •• ., .. 

DAY 28 
DI D UNL ... .. 4; 
04 .. UJ1L 1; 42 41 

07 8 UNL 7 .... • 3 •• 
10 2 UNL • '" .. .. .. 
13 • 32 8 •• .. ... .. 8 UNL 7 03 53 .. 
•• e i!,O •• 02 .. 
22 10 •• RH •• 02 .. 

U.S. DEPARTNENT Of COMNERCE 
NATIONAL CLIMATIC CENTER 
FEDERAL BUILDING 
ASHEVILLE. N,C, 2B801 

75 :Jl 
72 33 
69 OD 
93 08 

83 02 
Bliil 00 
U3 06 
66 19 
55 20 
60 22 
6U 13 
g:, l3 

89 OD 
89 DO 
93 22 
eta 31 
'19 27 
.. 3• 
65 23 
·17 O& 

B6 08 
'16 35 
93 13 
BO 17 
SB 11 
52 OD 
75 OD 
1,;, D"t 

• 10 •• 30 

• • •• 30 
3 8 •o 30 

• ID 00 .. 
• 10 00 .. 
• • 80 20 
4 ID •o 20 . 10 •O 20 

0 UNL ID 
4 0 UNI 1 
0 3 UNl • • 9 UNL 
3 1 UNL 7 

ID B UNL ID 
0 9 LJNL IS 

1 UNL 10 

• 1 UHl IO 

• 7 UNL 10 

• 7 UNL . 
• 10 UNL 
5 ft UNL 3 

• P UNL 3 
7 4 UNL 4 

• 1 UNL 3 

0 0 UNL • • 0 UPtL • 
0 7 UNL 3 
3 2 UNL • • B UNL 4 
4 10 120 3 
3 3 UNL • • 0 UNL • 
• 10 05 20 

4 UNL 30 
10 OD 30 

4 10 30 30 
10 7 •o 30 

• 2 UNL •• 
ll 0 UNL 20 

• 0 U"IL ' 
D UHL IS 

ID •• 7 
~ UNL 1 

5 6 UNL • • 3 UNl 7 
11 15 UNL 10 

"t UNL 15 
0 UNL 15 

4 0 UNL 
0 0 UML 
0 1 UNL 15 

• 10 50 
7 10 .. 1 

10 .. . ., 
• .. ,. 

10 30 • 
• 1 •• 30 
0 10 .. 10 
5 3 UNL 30 

• 10 50 20 

• 5 UNL •• • 2 UNl . 30 
• UML 30 
0 UML 30 

0 1 UNl. ,o 
0 • •o 15 

• ID 50 10 

• 10 32 ID 
4 • ,. 10 

3 UNL. 20 
2 UNL 20 
0 UNL 30 

• 4 , 
1 
l 
0 
0 

• 

::-. ii ;; 

DAY 02 ... 43 "° 80 0111 • 0 UNL .. 43 ..., 83 11 4 4 unt .. 43 ..., B:J 10 • 2 UNL .. .. 30 01 00 D 0 UNL .. 47 .. &• 31 8 4 UNL ., ... 38 '57 02 0 UNL 

•o .. 13 77 01 0 UNL .. ... •• 77 28 0 UNL 

DAY 0!5 
42 "° 37 1113 ID D UNL 

•D 38 3. ff2 DD 0 UNL .. 30 30 ,. 80 ID I UNL 

•• 47 30 5! 32 10 UNL ., ., 4> so 30 7 UNL 

03 .. ..., •3 30 5 UNL 

51 '7 .. 115,7 0"1 3 UNL .... .. ,. 11 oa 3 Uf'IL 

DAY oi, .. •3 • I 8115 00 0 4 UNL 

•3 42 40 ea 12 5 3 UNL 

'" 1' .. 37 ee ao D 10 D 

'" 
., •7 •2 71 •• 8 JO 4 

KM 00 .. ... 80 211 3 • • 
<M 03 •• 47 1!,15 33 • 10 30 

<M •• •o ... 72 02 • 10 30 
KM .. ... .. 1118 U 4 • 30 

DAY l1 
.• M ... .... •1 n oa • Cl 100 
KM ... 42 40 .. DD D JO UO 
<M 41 40 30 8• 12 4 10 uo 
KM •• 40 .... ea 1a 5 10 UD 
KM 04 .5 47 5,4 29 • JD 120 

KM •• •• .. ... 34 a UNL 

KM ., ., .. 6• 02 10 uo 
<M 52 .. .. 7• OD JO 120 

DAY 14 

•• •• •o fJ3 OD D 3 UNL 
55 •2 •o 8:J 30 l5 2 UNL 

•2 ... .. 77 32 7 II UNL 
53 .. ... 77 3jj! 10 D UNL ., ., .. 87 011 4 • 40 
01 ., 4> 50 33 7 • ,. 
53 47 4> &f!I 02 5 0 UNL 
17 .. ., 83 00 0 UNL 

DAV J7 ..... 13 •• 83 U 3 0 UNL 
13 . , 42 1115 00 0 0 UNL 

KH ., •• •2 88 15' • 6 U!'II.. 

'" •2 •• 47 93 00 0 10 250 
BO ., 47 s.i 36 . 10 32 

•• 53 ... 56 33 • 10 UNL 
54 •• . , 77 01 • 10 2!i0 

5.1 ... .. 1!13 07 3 3 UNL 

DAY 20 
17 .. .. 113 Dlil • 10 50 .. .. ... 93 18 • 10 •• .. ... 43 ee 11 • 5 UHL 

02 47 •3 72 25 • 10 •• ..... ., 50 •1 eo 10 12 10 50 

"" 53 50 .7 80 00 0 • 00 ., ., •• 93 OD D 10 70 

RH ., .. .. lilO 33 13 • .. 
DAY 23 

•• 40 .. 
l 

0 UNL 

RM .. 47 47 98 OD D UNL .. •7 .. 03 0 . 10 UNL 

•2 50 .. ee :a • 10 UNL 
07 •o .. 60 34 • 10 250 

50 .. 10 51 32 • 10 UNL 

SI ... .. 80 02 • JO 250 

"" 4. 10 7-, 07 7 10 250 

DA'l' 2'3-
S2 .. 17 1!3 03 10 • .. ., •7 11 6"'1 13 • D UNL 

50 •• ... 93 3& 1 1 UNL ., •o "° QO 00 D ID so 

•• .. ., 7ft 30 12 10 UNL 

"' .. ... se 35, l5 10 BO .. .. .,. 77 34 1 UNL .. .. .. 199 00 0 UNL 

STATION 

8AM.ER5F IELO CAL JFOANIA 

AN EQUAL OPJJOIITUNI ff ENf"LDlU 

A-9 

. ., ... ~ ::-. wi ii ;; 

DAY 03 
ID 4> ..., 38 OIi ID • 

7 4> ..., 38 OIi 14 • 
0 12 f" 38 37 38 83 3J 4 
4 <H 47 •3 38 7• ., 7 
4 <H •2 .. "° .. >4 3 

• .. .. ..., .. 30 • •• .. ... 30 •• °" • 
ID .... ..., 38 HOO • 

OAY De 
ID .. 42 30 BO 07 4 
ID 4> "° 37 03 08 5 

7 "° 37 34 78 15 5 

• <H •• ... 37 511 12 3 
5 <H 00 50 41 50 1D 4 
1 •• .. ,. 37 >O • 

10 •• .. "° 14 10 4 
.\0 47 4> 38 71 "" • 

DAY 011 
1 FKH .... 4> •2 113 DO D 
2 111 f'K.H 41 • l 

..., 00 OD 0 
D , .. 35 31!, 100 00 D 
0 . , •2 4> 42 100 U • •• ... 47 nae • 

0 KH .. " 47 72 32 4 
KM •• 50 47 77 :u • 
<M 51 ... .. 93 DD D 

DAY 12 

• <H ... 47 ... .. 12 • • <H ... 47 ... OIi 34 5 
2 0 KM .. ... 43 113 12 • .. .. •2 ... 02 DO D 
4 <H 70 57 .. .. ., 4 

• <H 78 .. ... a• 31 • • •• 03 • 3 ... 52 UI • •• .. ... ao"" • 
DAY 15 

30 .. .. 42 00 DD D 
10 .. 41 40 113 DD D .. 40 "° •• NIHI 4 

7 .. .. ... 98 II 4 

• 05 ... .. 17 32 7 .. •• 50 42 54 DD D 
15 54 .. 4> 84"" • 
15 .. .. 4> 80 08 • 

DAY 18 
10 47 .. .. 1118 DII • 

7 .. .... 42 n DO D 

2 , •2 41 .., O> 20 3 
3 •• .. 47 .. 00 14 • • '" •• •• 47 65 38 7 

• <H . , .. ... .... 4 
10 57 •• 47 811 DD D 
10 .. ... .. 83 07 7 

DAY 21 
10 .. 50 .. D3 10 • 
15 •• 50 .. .. 03 .. • 
30 .. 47 47 .. ,. • 
30 02 50 .. ... J3 • 
15 AM OD .. 47 G 27 11 
30 •• •2 .. eo 211 n 
30 >4 .. •3 87 28 ID 
30 53 .. .... 72 27 4 

DAY 2 .. 
30 .. 43 "° 153 011 • 
30 41 40 38 n 12 4 
30 43 "° 31 78 00 0 
30 52 ... 40 14 a 4 
20 •• 52 47 67 .. • 
30 62 54 ... ea 32 7 
30 •• 5> ... eo :!14 4 
20 .. •o 47 ea 10 • 

DAY 27 
30 ... .. .. .. 32 • 
10 .. 43 .. 113 12 4 

7 .. 43 •• 00 07 • 
7 .. 50 47 80 DD D 

15 •• •o 41 ., .. • 
15 til •• 43 ,a 33 • 04 .. .. •• oa • ... ... 43 1110 07 • 

TE:A,- & AONJH ,. 
02 

NITAOI - ,111 NID 
u.1. OINITlil• r a, C-ICI 

COM-210 

NOTES 

CEILING 
Ulll 1•1u1u •1•1ta 

WEATHER 

JOINADD 
I JHUIIDEISfGlnl 
g IIIIIAI.L 

• ltAIN 

•• RAIN SttONf.ltl 
ZR fltEUINO ltAIN 
L DIUILE 
ZL flEEZINO 0IUILE 
s ""°" 51' S..OW P'fLL[TS 
IC ICE CIYSTAl.S .. SIIOIIS-US 
50 5111111 ORAINI .. let: l'ELLUI 

• HAIL 
f fOO 
If ICE fOO 
Of OIOUND FOO 
00 ILOIIINO DIIIT .. ILOIIINO &AMI 
IS ILOMINO -

" ILOW UIO lf'IAt 

• SIIOICE 
HAZE 
ouar 

WIND 

O:UCIIOIIS .. f TINIK flGII 
NHICH fHf NINO IL0NI. 111111· 
CRIED IN IEU flf' D!OIIUI 
FI0ft UUl NDIJH1 I .e: •• 01 
FOi EAIJ, II FUii IOUfN. 27 
FOi WEST. f.NTIY a, 00 II 
INE OIIIECIIOII CUI.UM 111111· 
CAff.l CAl.n. 

S,ffO II U"IEIHD IN KNDT11 
PIUL u,u ., .I. II ro C0NWl!IT 
ro NILES ,u HOUI. 

(I) 
FIRST CLASS 



MARCH 1979 

BAKERSFIELD, CALIFORNIA 

NATIONAL WEATHER SERVICE OFC 

KERN COUNTi AIR TERMINAL 

Local Climatological Data 
NONTHLY SUNNARY 

LATlfUDE 35
1 

25 'N LONOlfUDE 119
1 

O'J 'L.i ElUAfl0N IGJIOUlillOI .. 7Sff. SUINOAID fl"E U5£01 PACIFIC "'8AN a231',S 

DEG"H 01105 WEATHU TYPES , .. a ... AfO. 
Sfl' COWU TEMPE RAT URE 'F Otil DAl£S Of ,a[c (Pl IAf 1011 WINO SUNSNIIIE 

g 

I 

I 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 
14 
15 
16 
J7 
JB 
JQ 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

OASC &51 "' SIIITIGIII 
fUTMS 

DCCURlltEIICE t'l:LLlfl PUS-
FASTEST g; !" ,, .. .. 

MArfll' 1111111, 
... , " 0 "ILE ,~ ~, l "i:IIV'f •GG IC£ ON , .. 0 r e "'f ~; J , .. uttDUSUtttR ~ e 

• ICt: Pfll!fS 
...... (QUUA· '" ... 

! - L ~ 
D 

2~ z ~; z . 

~~ ~ ~ ~ ~= S t!AIL .. t:Lfr, « E 

I 
~ i ~ "' "0 LU.f f'fLL[f: r r ~ .. 

I ,~ « L 6 QI.Alf 0-4AH 482 ~ 0 0. "'" ! " g; lDUSIIIOtlll 

" ... ,u:, ~ ~"' L .... 
" ~ 

~ L Ii ~~ i "'" ;; ~ ~"' E "'. ~"' I SROlllf, MAH &' r 5; LE 0 :t' ! E "0 I ILCbllllO SltOII 
, .. 11.S.L, ~ 

2 3 • 5 6 ?R 78 8 9 JO II 12 I 3 14 15 16 I 7 18 19 20 21 
56 37 47• --8 43 18 D 1 D .27 0 28.28 01 5.5 e.s 23 34 • 7 
58 37• ... -7 39 17 D D D 0 29.57 11 2.4 4.9 9 DB 5 4 
66 40 53 -2 41 12 D D D 0 29. 72 02 4.0 6.3 12 03 4 2 
62 43 53 -2 ... 12 D D D 0 28. 77 32 J.7 8.0 14 33 5 5 
65 53 59 4 52 6 D I D D 0 2Sl,8J 29 2.4 4.2 12 JB 9 9 
76 49 63 • 53 2 D 1 0 0 D 29, 76 OB J.3 4.3 B OB 0 2 
BO 55 68 13 55 0 3 I 0 0 0 29.60 03 J. 7 s.o 9 32 0 I 
BO 56 68 13 55 D 3 0 0 D 28.311 02 1.5 3. 7 B 10 6 4 
BO• 55 68• 12 55 0 3 0 0 o 2a.:sa· OB J.9 4.2 9 07 9 6 
77 55 66 JO 56 D 1 2 0 0 a aa.se 35 3.4 3. 7 12 34 5 4 
7J 56 64 • 57 J 0 2 0 0 0 29.61 03 • 7 4.6 B 05 9 7 
75 56 66 10 56 0 J 2 0 0 0 29,"6 36 2.6 3.9 B 32 9 9 
72 59 66 JO 54 0 1 3 0 .QI 0 29,SO 01 4.9 6.6 J3 02 B 9 
69 54 82 6 54 3 D 0 .23 D a&.65 OJ 2.4 5.3 Q 06 9 B 
68 ... 58 2 50 7 D 1 3 0 T 0 29.•7 3J 4.9 7.8 23 28 B 7 
62 46 54 -2 .... 11 0 0 • 18 D 211,16 34 4.4 6.2 12 33 7 B 
59 ... 53 -4 47 ,. 0 0 .16 0 29.48 J3 ., 5,2 14 32 10 8 
62 17 55 -2 45 10 0 0 .21 D 29,15 J7 2.1 4.6 14 34 7 B 
58 ... 53 -4 46 12 0 0 .35 0 29.28 20 J.4 4.9 9 05 10 10 
60 45 53 -4 48 12 0 2 0 .01 D 211,27 11 2.0 5.0 14 OB 9 8 
81 49 55 -2 ... 10 D 0 D 0 29.38 06 4.8 5.6 14 04 9 • 66 52 59 J 46 6 0 0 D D 211,57 02 e.5 a.a 15 oa 6 6 
68 ... 58 D 48 7 0 0 0 0 28.68 01 4.2 5.8 Q 35 6. 7 
71 50 61 3 19 4 D B 0 0 0 29,67 28 J.1 3.0 8 J7 0 I 
72 ... 60 2 49 5 0 D D 0 29.50 OB J.7 3.2 JO 01 I 2 
7l 50 61 3 48 1 D • 0 .01 a 2e,32 14 2.5 6.5 23 16 JO B 
72 54 63 5 46 2 0 0 .18 a 2e.20 12 7.5 10.9 26 17 9 B 
63 52 58 D 18 7 D 0 .35 0 29,26 31 2.0 9. J 13 29 Q Q 

62 17 55 -4 47 10 0 D D 0 29.5"4 33 2.5 5.3 9 33 9 7 
60 45 53 -6 47 ,. D 0 D 0 28,69 35 1.9 5.8 Q 31 9 5 
•1 41 58 -3 47 9 n B n n n ,:,a,r:, .• s.o _8 09 3 3 

su• ••• TOHIL TOTAL TOTAL TOTIR ••• ,., "ONTH1 TOTAL ' ••• ••• 
15°• 011 12 NUIIBER OF OATS 1.97 D e,5:.111n:.11 .6 5,b ao 7 , .. "un 

AYO, AVG, AVG, DEP, AVG. DfP. OEP, PREC IPJ TAT ION DEP, DATE, ~7 11: .. , ... Avo. AVG, 
87. • 49.2 58.3 J. 7 49 -55 • ;,01 INCH 1J 1.1• 6. 7 6.1 

SEASON TO DATE SNOW, ICE PELLETS 
NUNrR OF mns TOTAL 

"All,.UPI T[,.P, "INl"U" TEl'IP. 17961 

' 90 
C 12" < 32 < 0 u OEP, 

n D D a -2>7 

• llllTRE"E FOR TH[ l'IONTH :. LAST OCCUHEIICE IF 
"ORE THAN ONE, 

T TIIACE Al'IOUNT 
• ALSO ON AN EARLi £11 OATE. OR DATES. 
HEA'fT FOG• - 'tlSIBILITY IH "ILE OR LESS. 
FIDllRES FOR MIND Ollil£CTJONS ARE TENS OF DE
GREES CLOCKWISE FROft TRUE NORTH. 00 ,. CAL"· 
DATA IN COLS. 6 AND 12-15 ARE BASED ON 7 OR 

TOTAL ; J .fl INCH Ofl!EATEST IN 24 HOURS AND DATES GREATEST DEPTH ON GROUND OF SNOM, 
12 fHUNDEltSTOlt"S PREC IPITAfION SNON, CE PELLETS IC£ PELLETS OI ICE AND ORTE 

DEP, HEA'tl FOG 4 .54 lA- 9 n a 
6 CLEAR 5 PARTLY CLOUDY 9 CLOUDY 7 

SUMMARY BY HOURS 
PIORE OBSERVATIONS PER DAY AT 3-HOUR INTfRVALS. 
FASIEST "llf WINO SPEEDS ARE FASTEST OBSER'tED 
ONE-PIINUff VALUES NHflil DIRECTIONS ARE IN TENS 
OF DEGREES. TN£ I WITH THE DIRECTION INDICATES 
PEAK OUST SPEED. 
ANY ERltOIIS DETECTED WILL BE CORRECTED AND 
CHANCES IN SUPIPIARY DATA WlLL BE ANNOTATED IN 
Ht£ ANNUAL SUtlPIARY 

A V f It A O E S 

.. fEPIPERATURE 
I!"' r"' ~ ~= §, ..: D ~ • ~ . - wz L 

iii' •- - w- .. -~ ,.~ 
~f ~#1~ " ~i :!I 

OJ 5 29.51 • 51 49 
01 6 29.50 52 so ... 
07 7 29.53 51 49 ... 
JI 7 29.55 58 53 49 
a: 7 29.S: 6• 56 ... 
16 7 29.48 67 57 49 ,. 6 29.19 60 55 50 .. 5 29.53 51 53 49 

IIESULTANf 
~I,!!_ ,. 0 

"' z 
"'• "'. D 
>- :; 2: 

~~ 
ace 

~: "' 
w • 
_, L 

" L • 

ri 0 0" 
83 5.8 09 3.0 
87 4.5 07 2.4 
89 4.2 05 J.1 
75 5.3 25 J.2 
59 5.8 31 4.3 
S4 6.8 33 3.6 
69 6.3 01 3.3 
1e 6.! I 07 3. 7 

HOURLY PRECIPITATION !WATER EQUIVALENT IN INCHES I 

i A. Pl. HOUR ENCINO AT P. "· HOUR ENDING AT 
2 3 • 5 6 7 8 9 0 II 12 I 2 3 • b b 7 8 • u II 12 

J .02 .04 .QI .01 .06 .06 .06 .01 T T 
2 
3 
4 
5 
6 
7 

• 9 
ID 
11 
12 
13 T T T T T T .QI T 
14 .22 T .01 T 
JS T T 
16 T T .07 .05 .01 .03 
J7 .10 .04 T .02 T T T 
18 T .06 T T .06 .12 
J9 .OB .07 .06 .03 . • 2 .DI .02 .QI .03 .• 2 T T T T 
20 T T .OJ T 
21 
22 
23 
24 
25 
26 .01 T 
27 T .01 .04 .09 .01 
28 T .15 .03 .01 .03 .QS .01 T T T .01 .QI .03 .02 T ... 
30 
3J 

" 0 

22 

I 
2 
3 
4 
5 
6 
7 
B 
9 

JO 
J1 
12 
13 
J4 
15 
J6 
J7 
JS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

i 
1 
2 
3 
1 
5 
6 
7 

• 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2-4 
25 
26 
27 
28 
29 
30 
31 

SUBSCRIPT ION PRICE 1 12 .ss PEit YEAR INCuJOlNG ANNUAL SU""AR't'. FOREIGN MIL ING ti .es EKTltA. SINGlE COPY& 20 CENTS FOR "0NTHLY OR ANNUAL ISSUE. THERE 
IS A ,tlNl,.UPI CHARGE OF 12.00 FOR £-=!CH ORDER OF SHELF-STOCIIEO ISSUES OF PUBLICATIONS. P1Allf CHECIIS PAYABLE TO 0EPRRfP1ENT OF COP1P1ElitCf. NOAA. SEND 
PAT,.ENTS. ORDERS. ANO INQUlltlES TO NATIOfrilAL CLIP1ATIC CENTER. FEOUAL BUILDING. ASHEVILLE, NORTH CAROLINA 28801. 

I CERllfY THAT THIS IS AN OFFICIAL PUBLICATION Of THE NATIONAL OCEANIC ANO ATPIOSPHERIC AO,.ffrillSTRATION. ANO IS CONPILED FRO" RE.CORDS ON F[LE AT THE 

NATIONAL CLINATIC C[Nlfll. ASHE'flLL[, NORTH CAROLINA 28801. /) • A/-::7• "'•~-_4 A/7 

noaa NATIONAL OCEANIC ANO / fNVIROhlt1ENTAL DATA ANO ~ {,,l). ~ 
RT"OSPHERIC RONINISIRRTION INFORMTJON SERVICE DIRECTOR. NRTJaNRL CLINRTJC CENTER 

USC0t1t1- -NOAA- -ASHE V f Llf 04125179 400 
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OBSERVATIONS AT 3-HOUR 
'E "PE ltl:U UR£ TfNPERATURE 

Mfaltlll ~~ ( ... , ... :-.. . . .. 
ii . ii . i, ~ 'II i i 

DIIY DI DAY 02 DAY 03 

01 10 ... 7 •w •• 52 50 .... • 0 UNL 30 30 38 30 ell 01 5 D UNL 30 .. .. 30 71 011 7 

D"' ID 38 10 •w ., 51 •• 80 22 3 0 UNL 30 37 37 30 .. 00 5 0 UNL 30 .. .. 37 83 QI • 
07 ID ,. 7 •w •1 .. .. 03 30 II D UNL 30 37 30 35 02 07 • D UNL 30 .3 .. 37 78 08 5 NOTES 
10 ID 35 .. .. .. •1 83 03 10 10 .. •• 47 .. •1 ID 19' 5 0 UNL 30 57 •1 37 41 a • 
13 ID 35 •• 51 47 •• n a 7 8 .. •• 5• •1 .. 58 22 6 II UNL 30 03 •• •• .. 30 7 CEILING 
10 7 .. •• 55 .. 37 51 38 .. 3 UNL •• .. .. .. 51 27 3 7 UNL 30 .. 13 •• 42 OD 0 UNL 1•1Clfll Ula. llllflH 

10 3 UNL 30 47 .3 38 71 D2 • 0 UNL •• 53 •1 .. 12 DD 0 3 UNL 30 58 •• 47 87 03 7 .. 0 UNL 30 •• .. 37 83 03 • 0 UNL 7 •• .. •1 71 00 • 0 UNL 30 •• 50 .. 71) 03 0 

DAY D• DAY Mo DAY 06 

01 D UNL 10 50 47 .. 13 12 • 10 35 •• 53 52 113 33 • 7 UNL • •• 55 52 50 83 J3 • •• D UNL 10 •1 .. •3 I& 07 • 10 35 55 ., 52 110 211 • 7 UNL 3 .. 53 .. .. .... 5 WEATHER 
07 0 UNL 7 .. •3 •• a:, 30 • 10 .. I 8 , 13 52 51 a, a 3 7 UNL 0 12 F .. .. •1 113 08 5 

10 0 UNL 5 •• •• 51 .. 77 20 5 0 10 • . , .. 5• 52 17 17 . 0 UNL 3 .. •• .. •• 70 DO 0 TOR'4ADO 
13 II 2'!.0 3 .. 5B 5. .. 78 32 II 10 30 3 •• 03 57 •• H 33 0 D UNL 3 .. 71 01 .. s1 aa 3 THUNOfltSTORfl 
10 8 38 • .. •• 55 .. 83 16 . 4 UNL • •• 05 58 •• 83 DD 0 D UNL • <M 70 6• 56 50 :u • Q SQUALL 
10 • 35 7 5• 52 .. 80 34 • 10 35 0 .. 01 50 53 75 22 • D UNL • .. 07 01 57 70 28 . • RAIN 
22 ID .. 55 53 52 110 32 • II UNL • .. 50 5. •• 711 DO 0 D UNL 7 02 58 55 7• 07 5 •• RAIN 5H0MfltS 

DAY 07 DAY 01!1 D"Y 08 
,. FREEZING ltAIN 
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72 60 51 48 12 
77 61 .. Iii 37 33 
71 59 51 -19 35 
67 56 48 51 01 

0 10 90 20 
0 7 75 20 
6 8 10 1s 
'4 • UNL 15 
0 6 250 15 
9 10 80 15 

'4 UNL 30 
2 UNL 30 

0 UNL 30 
0 UN\. :50 
1 UNL 25 
• UNL 15 

10 250 10 
• UNL 15 
0 UNL 20 
0 UNL 30 

U,S, DEPARTMENT OF COMMERCE 
NATIONAL CLIMATIC CENTER 
FEDERAL BUILDING 
AS~EVILLE, N,C, 2B8O1 

DAY 02 

DAY 05 

DAY 08 

OAY 11 

DAY 14 

DAY 17 

DAY 20 

ORY 23 

DAY 26 

DAY 29 

3-HOUR 
lE"PERAIURE . 

~ .::- ~ .. 
• ~,i ~ ~ 

86 OD 
86 11 • 
83 II 5 
50 36 6 
•2 32 8 
33 36 13 
•6 33 g 
6• 00 0 

60 55 52 75 09 
59 s.• •a 10 08 
5,9 5,• •9 70 16 
7• 59 •7 38 32 
85" 6• •Iii 2935 -1 
88 65 11i1 26 31 12 
7• 57 •• 3.,. 33 10 
67 53 •O 3·1 OJ 

0 UNL 20 
0 UNL 20 
0 UNL 30 
0 UNL 30 
0 UNL 20 
0 UNL ..!0 
I UNL 20 
0 UNL 20 

0 UNL 30 
10 100 10 
10 1• 
10 20 
.10 30 

5 UNL 
3 UNL 
0 UNL 

57 52 •8 72 OB 
52 4Q •7 83 1• 
s.e 53 "18 10 10 
69 57 48 • 7 16 
75 60 48 39 30 
79 61 "8 34 36 
70 59 51 51 36 
64 57 51 63 08 

6 10 lilO 7 
586030 
4 10 6!:. 20 
6 10 25 10 

8 45 10 
6 50 7 
B UNL 10 

4' 0 UNL 15 

50"'531i16627 • 
51 •6 • J 69 00 0 
5"2 •9 •6 BO 26 5 
58 53 •8 10 28 6 
52 54 48 60 08 s 
61 5• -48 63 16 
S5il 53 •8 67 JS 
53 so •8 83 08 

60 55 5,2 75 00 
54 SJ 49 83 00 
59 55 51 75 13 
70 59 SJ 51 16 
77 63 53 4'3 00 
81 b2 49 33 30 7 
73 Slil •9 43 34 4 
67 57 50 55 07 6 

551 S2 '45 60 3• 15 
55 50 •S 6930 8 
55 50 •5 69 31 5 
63 5,0 38 •O Ol 7 
69 53 37 31 33 15 
67 52 37 33 30 15 
61 4'7 32 3• 32 JO 
56 •7 37 .,.g 34 J7 

•9 45 • 1 7• 00 
52 46 40 64 00 
52 46 •O 6"1 JS 
6• 52 -10 •2 23 
72 56 .. 2 3-1 17 
76 57 42 30 23 
68 5• •2 39 35 
63 52 "'2 •6 10 

58 52 • 7 67 36 10 

51 -17 "'"' 77 28 • 
57 ':>2 47 6Q I" 5 
68 55 • "I • 2 31 12 
72 56 43 35 28 5 
75 56 39 27 3 I 10 
67 52 38 35 3"' 11 
59 .qg 38 46 01 e 

70 !:.B • 8 •6 OD 
67 56 -17 -19 10 
67 57 48 53 15" 
19 s1 -1e 3• oe 
86 6.. 50 29 01 -1 
74 65 60 62 32 13 
70 63 59 68 02 7 
68 62 58 7 1 02 10 

55 50 46 72 33 
55, so 45 69 13 
60 52 •5 58 15 
71 58 48 .... 31 
78 62 5,] 38 29 
80 62 50 35 28 
7-1 60 50 •3 32 
69 58 -19 49 07 

2 UNL 30 
0 UNL 20 
2 "Ul'tl 15 
2 UNL JS 
2 UNL 20 
1 UNL 20 
1 UNL 30 
0 UNL 30 

0 UNL 30 
0 UNL 30 
3 UNL 30 
l UNL 30 
I UNL 20 
0 UNL 30 
7 Ul'tL 30 
6 UNL 30 

0 UNL 30 
• UNL 30 

10 'l-0 30 
10 38 20 

5 UNL 20 
2 UNL 20 
0 UNL 20 
0 UNL 20 

0 UNL 10 
0 UNL 10 
7 UNL 10 
0 UNL 10 
5 UNL 10 
7 UNL 10 
2 UNL 10 
0 UNL 10 

0 UNL 20 
0 UNL 20 
0 UNL 30 
2 UNL 30 
1 UNL 30 
I UNL 30 
0 UNL 30 
0 UNL 30 

0 UNL 30 
3 UNL 30 
8 UNL 30 
3 UNL 20 
.q UNL 20 
0 UNL 20 
2 UNL 20 
0 UNL 30 

0 UNL 30 
0 UNL 20 
0 UNL 20 
0 t:Nl 10 
6 UNL l'l-
9 UNL 20 
I UNL 30 
0 UNL 30 

DAY 03 

DAY 06 

DAY 08 

DAY 12 

DAY 18 

DAY 21 

DA'!' 2• 

DAY 27 

oi:riY 30 

50 •6 •2 
48 44 •O 
52 46 •0 
6 • 53 ""4 
71 13,7 "'6 
73 5,7 .. 3 
6• 54 •6 
58 52 -•6 

74' 08 6 
7• J.I • 
6"1 JO 5 
48 32 8 
4'1 34' 6 
3• 02 6 
52 33 3 
65 DB 6 

55 48 •O 57 31 5 
55 5,2 50 83 33 8 
53 50 48 83 32 5 
li8 53 1lil 72 15 7 
62 55 50 653•·• 
68 57 •Q 51 02 8 
62 55 1lil ri3 07 "I 
57 53 •9 75 Olil 5 

60 55 51 72 3"1 12 
57 ljQ 44 62 3"1 13 
57 51 46 67 30 8 
60 !:,• •9 67 31 6 
65 56 4Q 56 32 10 
68 53 "10 36 35 13 
61 •9 36 39 32 13 
5,3 ~ 37 is, 35 8 

5• 50 • 7 77 04' • 
50 48 •8 9300 0 
5,5 !H 48 77 12 5 
66 67 50 57 36 • 
74 60 "'9 • 1 12 5 
77 60 • 7 35 32 5 
6958"'9 •9025 
62 ':>5 •Iii 63 07 8 

62 56 52 70 10 
5• 51 48 80 00 
60 5• 4'9 67 16 
,a 51 • 1 """ 111!!1 
78 62 50 38 Jlil 
83 63 50 32 2• • 
75 60 50 •2 01 4 
68 59 5,1 57 08 8 

48 4'3 37 66 36 8 
"'6 • 1 36 68 38 "I 
48 .. 3 37 66 32 • 
55 •6 37 51 31 5 
62 "'9 36 37 .!Iii 7 
66 50 33 29 31 8 
60"'834'3802 • 
53 •5 35 51 08 • 

55, •0 •3 6• 34 5 
55 •G 43 6• 00 0 
57 49 • 1 55 J• 5 
68 <;."I "'l 38 26 4 
75 68 •• 33 22 4 
80 51i1 •2 "26 30 5 
75 57 • 1 30 00 0 
6• 52 • 1 •3 06 6 

53 47 • 2 66 36 6 
"'9 46 -40 71 07 • 
53 •7 •2 66 OD 0 
62 62 •2 "'8 24 6 

564"1382"16 
7• 57 •2 32 27 10 
67 5• 4'2 4'0 35 6 
62 51 •O 45 08 "> 

62 58 56 81 02 
60 57 SS 8• 36 
60 56 53 78 3"1 12 
68 61 5,6 66 36 9 
75 63 55 so 27 6 
78 63 53 42 30 6 
70 60 53 55 3• 6 
68 Slil 52 57 03 8 

6"" 5,6 SO 61 O';, "' 
58 5 • 50 75 10 2 
60 5• 50 70 13 • 
70 57 •6 42 29 6 
79 61 • 7 32 33 6 
82 61 .... 21! 34 11 
72 55 41 33 34 6 
63 5,2 41 •5 32 5 

STAT ION TERR & P10NTI-I 

SAIi.ER SF" rn O CAL JF"OQN !A 
,. 

AN EQUAL OPPORTUN I TT [l'IPLO'l'ER 

A-13 

o• 

f'OSrAOE AND FU:S f'AIO 

u.s. at:,Aar"UIT o, CO""UC[ 

COM-210 

NOTES 

CEILING 
UNL IIIOIC•TU ..-..11111to 

WEATHER 

fORNAOO 
THUNOElrS TOil" 
SQUALL 
RAIN 

WW RAIN SHOWUS 
IR FRHIING RAUi 
L ORIIILE 
IL FRHIING DRIIILf 
S SNOW 
SP SNON PELLETS 
IC ICE CRYSTALS 
SN SNOW SHOWERS 
SG SNOW GRAINS 
IP ICE PELLETS 
A HAIL 
F FOG 
IF ICE FOG 
GF" OIOUNO FOG 
80 BLOWING OUST 
BN BLOWING SANO 
es BLOWING SNOW 
BY BLOW I NG SPRAY 
K SNOKE 
H HAU 
0 OUST 

WINO 

DIRECTIONS ARE THOSE FRO" 
WHICH THE WINO BLOWS. INDI
CATED IN TENS OF DEGREES 
FRO" TRUE NORTH1 1-E •• 09 
FOR ERST, 18 FOR SOUTH, 27 
FOR NEST. ENTRY OF 00 IN 
THE DIRECTION COLU"N INDI
CATES CAL"-

SPEEO 15 EXPRESSED 1111 KNOTS1 
HULT I PLY BY I. 15 lO CONVERT 
TO HILES PER HOUR. 

FIRST CLASS 



P1AY 1979 

~AKlRSFIELO, CALIFORNIA 

NATIONAL WEATHER SERVICE OFC 

KERN COUNTY AIR TERMINAL 

Local Climatological Data 
"ONTHLY su""ARY 

LAfllUD[ 3S 1 as' N LONGITUDE ua' 03 'W (l£VIUIOlil 1o•ou .. 01 175 FT. STANOAltO Tl"£ US£01 PACCFIC 

O(GIIH DAYS lie[Ah,iU "PES SIIOII, IIYG, SU COVEii 
ff P'IPERATURE ., ON OATES Of Pl[CJPIHnlO"' SUITIOII WIND SUlrilSH(lril[ 

~ 

g 

I 

I 
a 
3 
• • 6 
7 
8 
0 

10 
JI 
12 
13 
I • 
IS 
10 
17 
18 
10 
20 
21 
aa 
23 
2• 
2S 
26 
27 
28 
20 
30 
>1 

IA5£ 6S0 "' l[Mh1S 

OC':UIIUC£ "f:uffl ... ,,. 
FASTEST 

I' I' , , .. .. 
lltAlf• ..... SUit( ~ C 

~~ 2 Htan roe IUOlrl ,., C % 
w 

,t !~ !~ ~ :' 

~i 
J lti11,11tDUSIOIII ,,01.1110 lGulW·•· "' 

... 

~ 
- .. i iii :' 

z 
'.i~ !! 

'IC(lll'fll[IS .. Ht:,, 
z . .,, 

~~ ~~ 
~ I ! w - & .. IL Lftill Pfl\.fll 

~ C 

I % % .,, -"0 Ii Ge.Ill( 01AH •92 JQ ,~ !: =s .. Q• 
~ 

- w 

~~ g~ lOIJITSfQIIIII " "· ,u, ~ ~w w .. 
~ 

~.,, 

i : ;; .,, w w. z z z 

i : !al I PIOtll, IIIIH \It w .. C e,;c t~ ~ ~ u* t ILOilllrtO 11.i311 "· 11,5,L, ~.,, C C CC 

2 3 • 5 6 7S 7B 8 9 10 II 12 13 IA 15 16 I 7 1B I 9 20 21 

1e S• es -1 • 7 0 0 0 T 0 29.35, 33 8.8 0,2 21 32 B 7 

75 57 e& -I •O 0 I 0 0 0 29,40 33 3.1 s.s 12 31 7 • 
87 ., 12 • sa 0 7 0 0 0 29,'46 3• 3, 7 6.8 13 28 2 I 

87 H 73 6 S3 0 • 0 0 0 29.Sl 3S 2. • ... 9 29 • 3 

85 H 71 • •O 0 6 0 0 0 28, •• 33 7,9 10.2 23 28 • 4 

76 S6 &6 -2 •3 0 ' 0 0 0 29,11 33 13,Q 14. • 21 34 • • 
73 S3 &3 ... •6 2 0 0 T D 29.38 33 10.3 11.2 21 31 0 • 
72 

•--
&I• -7 30 • 0 0 T 0 21iL36 3• 9,• 11.2 22 32 6 7 

7S so 63 ... •O 2 0 0 0 0 29.43 3• 3.8 6,9 I• 28 4 • 
82 S2 67 -I 38 0 2 0 0 0 21LS6 36 1.2 6.0 13 26 0 0 

00 S• 72 3 •O 0 7 0 0 D 21il.S7 06 ... 6,9 13 32 0 0 

OS 60 78 9 •3 0 13 0 0 0 29.S2 01 1.6 6.S 13 30 0 0 

00 O• 82 13 •• 0 17 0 0 0 29.41 30 .2 6,6 14 33 0 0 

1D2* 67 BS 16 • 3 0 20 0 0 0 29.31 33 1,3 7 .• I• 03 0 0 

06 6• BO 10 37 0 IS 0 0 D 29,30 36 •. 7 7 .s 21 33 0 0 

ea 60 7• • •s 0 9 0 0 a 2&,3• 31 3,8 6.6 I• 31 0 0 

O• 62 78 • •8 0 13 0 0 0 29.3S 32 .9 6,0 13 33 0 0 

wa 68 83 13 sa 0 18 0 0 0 29.33 3• 2.3 6.6 .. 32 • 4 

09 73 86 IS sa 0 21 0 0 0 29,27 ,. 6.1 e.s 16 31 I I 

02 66 70 • ., 0 •• 0 0 D 29. 33 32 7 .o 7,9 14 30 0 0 

86 02 7• 3 ss 0 9 0 0 0 29.50 32 6.0 7 .• 12 36 3 2 

as 63 7• 3 S7 0 9 0 0 a 2e.s2 31 S.6 ... 13 34 10 7 

01 60 80 0 sa 0 ,. 0 0 0 29,'46 36 • .4 7, I 12 32 7 6 

00 63 77 s SI 0 12 0 0 0 2liL 39 32 7. I 7 ,9 IS 30 0 0 

00 69 8• 12 •• 0 19 0 0 0 29.33 02 I.S S.8 14 32 I I 

101 7a 87Z IS so 0 22 0 0 0 29.29 36 3.3 7,6 13 31 I I 

OS 80 82 10 •8 0 17 0 0 0 29.28 31 6.9 8.2 17 33 2 I 

86 60 73 I •8 0 • 0 0 0 29,34 33 7 .• 8,2 17 03 s 3 

BS 00 73 0 • 3 0 a 0 0 0 29.38 32 6.S 7 .9 13 33 0 0 

91 82 77 • 4• 0 12 0 0 a 2a,33 ,. • 7 6,0 14 2S 0 0 

BB 67 03 10 •& 0 ,. 0 0 0 29,30 33 s.o 8,6 IS 3S 0 0 

'"" '"" TOTAL TOIRL TOTAL TOTIR , .. '"' IIOIHH1 TnfAL ' '"" '"" ,, ... 11191. -- -- - • 3>1 NUMBER Of OATS T O ..:!9,391:!.3 • 6 7. 7 23 ,. FOR 86 70 

AYO, AVG, AVG, DfP. AVG, DEP. D£P. PRECIPITATION D£P. -- ---1 ·)DAI( 1 05 ,., ... r: ... ,. AVG, AVG, 

....... .. . 71,CII S. I •7 -I• 1sn ;,n\ INCH 0 -0.19 -- ---------- , ... •.3 

SEASON ro DATE SNOW, ICE PELLETS 

N1111&c-R Of' OATS TOTAL 

IIAI IIUW r,11p. II NIIIU" TEMP. HIBi 

• 90 ' " C 32 • '. D[P. 
, .. n n n -:JQ• 

• (ITIUt( FOR TH( NONTH - LRST OCCURltUCE IF 

"OIE htAN ONE • 
T THC( AMOUNT 
• AlSO ON AN [AltLIEII ORTE, OR DAT[S. 
HUVT fOOt - VISIIILIT'f IH MILE OI LESS. 
FIOUlt[S FOi NINO OlltECTIONS ARE TENS Of DE

OIIEU CLOCIUUS[ FRON TRUE NORTH, 00 • CAUL 
DATA I .. COLS, 6 SINO 12-lS ARE BASED ON 1 OR 

TOTAL ; \ .O INCH C o,tc-AJEST N 24 HOURS ANO OATES I GREATEST DEPTH ON GROUND OF SNOW, 

373 THUI\IOERSTORptS PRFCIPITAT ION SNOW, ICE PELLETS IC£ PFLLETS OR ICE AttD DATE 

0£P, 11EAVY FOG T B+ 0 I 0 , .. CL AR . PARTLY C OUOT • C DUCT 3 

SUMMARY BY HOURS 
NORE OBSEltVAT IONS PER DAY AT 3-HOUlil INTERVALS, 

FASTEST NILE WINO SPEEDS ARE FASTEST OBSERHD 

ONE-,.INUI[ VALUES WHEN DIR£CTIONS ARE IN TENS 

Of DEGREES- THE I WITH THE DIRECTION 11.0ICAT[S 

PEAK GUST SPEED, 
ANT ERRORS 0[1[(1£0 WILL 8£ CORRECTED ANO 

CHANGES IN SUNNAlt'f OflTA WILL BE ANNOTATED IN 
ht£ RNlrtUllll SUN,.AR'f 

'!I~ 
i, 
~ 

01 
04 
07 
10 
13 
16 
19 
22 

~ 

> 

8! 
•• lt,~ 

2 
I 
4 
3 
3 
2 
2 
I 

A V E R A G [ s 

TE,.PfRRTURf 
w 

z ~ ~ 
0 =>. -~ . - ~z .. - .,,_ ., 

~ ... aw ~ - ~ -~ ;; w => .,, .. s., 

29.•0 67 S6 47 
29-"'1 6• ss 47 
29.11 •• S7 •8 
29."H 77 60 •B 
29.39 BS 63 • 7 
29.3• 88 63 •S 
29.3 ... 81 61 47 
29.39 74 s0 •6 

RESULTANT 

__!I~ 

" Q 
w e ~ 
w • :~ 0 C X 

i 
w ~ 

~ ... 
i 0 

_,, C 

SI 6,0 ,. 3,9 
S6 s.s o• 2.0 
so 6.S II . 7 
38 6,9 29 3.9 
29 9.3 31 7 .• 

2• 11.1 32 10.0 
32 •. 7 3• 7 .• 

•O 8,2 36 s.e 

HOURLY PRECIPITATION I WATER EQUIVALENT IN INCHESI 

i A. "· HOUllt ENCINO AT P. IL HOUR ENDING AT , • • 5 6 7 B 9 I 0 II 12 I 2 3 • 5 6 7 B 9 10 II 12 

I 
T T 

a 
3 

• 
6 
& 
7 

T T 

8 T T 

0 
10 
II 
,a 
13 
I• ,. 
10 
17 
18 
10 
20 

•• 2a 
23 
2• 
2~ 
ae 
37 
28 
20 
30 
>I 

~ 
Q 

22 

I 
a 
3 
4 

• 
6 
7 

• 9 
10 
JI 
12 
13 
I• 
IS 
16 
17 
18 
19 
20 
21 
22 
23 
2• 
2S 
26 
27 

•• 29 
30 
31 

i 
I 
2 
3 

• 
s 
6 
7 

• 9 
10 
II 
12 
13 
14 .. 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
31 
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3-HOUR 
ff.liWUATUJtf. 

••hll• : : : .. , ... . . ii . ii . 
i . • 

0-Y DI DAY oa DIIIY 03 
01 0- 30 .. •• .. .... • 1•0 •• 

•o •• •• • • 7D .. • D UNI. 3D •• •• 411 13 DI 
04 OUN. "" .. •• .. 11 OD 0 3 UNL •• .. •• ., 17 34 • D UNL 3D •• .. ... .. DD 
07 • ,. •• •• .3 ., .... 7 ID 31 ,. •• •• ... 17 DD D 7 UNI. .. .. .. •o 53 DD NOTES 
10 I 00 •• .. .. . , .. .. • ID 40 • • .. . , • • .... 7 D UNL ID 78 &3 •• 40 .. • .. I 00 ao 71 .. ... 44 .. • ... ID 71 .. •• .... , • D UNL ID •• •• •3 37 27 ID CEILING 
II • 00 ao ,. •• ... .... II a UNL 3D ,. 00 ... 40 .. • D UNL ID 17 .. .. 31 33 • ·••1e••··-·••111 II I .. ao .. .. 41 41 .. II D UNI. 30 7D .. 411 47 .. • D UNL ID ,. .. •• 42 .. • aa 10 .. ao 14 .. .. 111 32 •• D UNL "" .. .. 41 HID 7 Q UNL ID 10 .. .. 40 •• • 

.,.., 04 DAY~ DA'r 06 
01 ...... 30 •• ., .. ,. 34 • D UNL ID •• ., .. e, ,a • ID .. 3D .. .. 411 80 :G J7 
04 D LOIi. "" •• .. .. 1• .. • D UNL ID •• •• •• 10 .. 1 ID .. ,. •• • 3 ... ea ,,. ao WEATHER 
07 ID ""' ID •• .. •• 7D DD D 1 UNL ID •• •• •3 75 13 • 8 UNL •• .. •• ... ea :sa 12 
ID I UNL ID 10 •• .. .... • I UNl ID 7D .. •• n a, 3 8 UNL •• .. •• 43 43 :ta 14 'DtlNAOO .. ...... ID •• •• .. 40 •• • 3 UNL ID •• •• ... .... II 4 UNl •• 10 .. .. B :,a 10 

' fNUNDU&fQlfll •• 0""' ID 17 .. .. 31 :u 1 D UNL •• .. •• .. ao :so ID Q UNL .. ,. .. .. a ,a 10 
0 SQUALL .. 0 ""' 10 •• .. .. .. 30 • 8 UNL •• ,. •• .. ... 30 II ii UNL .. .. .3 40 .... • • IAIIII •• 0 UNL 10 ,. .. . , 43 .. • D UNL ,. •• ., ... , .. , .. • • D UNI. •• .. •• 43 .. 34 • •• •A IN SNOllflS 

.,.., 07 ...... QA'I' 08 
,. fltEUIIIO IAIN 

DI 0 UNL •• •• ... 44 18 3:t 7 ID •• •• .. ... 42 ea :u ID 10 ... 3D ., ... 42 17 , .. • l OIIHLf •• 4 UNL •• .. •• .. .. :,:, 1 ID .. •• .. 47 42 .. 3D • • .. 3D .. ., ., e• ae • Zl Fl[UINO DIIHLf 
07 ID .. 30 •• .. 411 17 :u • ID .. •• ow •• ... 42 .. 34 • ID .. 3D ., ... 42 117 DI • s SNO• 
10 • .. "" .. .. 41 47 .. • 7 .. ... .. •• .. 40 3a II 1 .. 30 •• •• •• ... 03 • SP DOW fl'ELLffS 
13 ID .. 30 71 ., .. 31 :,:, .. • ... 3D 

,. .. 31 ae ,a •• 3 UNl 30 10 .. ... , .. 27 • IC ICE ClfSfRLS 
II • .. "" 71 ., ... 311 01 •• I UNL 10 10 •• 34 a, 01 ,. 2 UNL 30 ,. .. 30 24 31 10 S• SNOO SNO•US 18 ID .. 3D ow •• .. 47 .4 33 • I UNL .. 03 •• ... 4D DI • 0 UNL 3D .. •• ., 33 34 1 

50 SNOAII PAIIIS aa 1a .. 3D •• .. 40 •• 34 •• 4 UNL •• •• .. ., &J 04 • 0 UNL 30 .. •• .. 4J 10 • 1• ICE l'tLLflS 

°"y 10 DAY 11 DAY sa A ... , 
DI 0 UNL •• .. .. .. .... • 0 UNL 3D •• ... ., 43 .. . 0 UNL 30 .. • 3 •• .... • , FDO 
04 D UIO. •• .. .. 40 84 IS • 0 UNL •• •• .. .. ..... • D UNL 3D .. . , • • 40 •• 3 

., ICf FOO 
07 0 UNL "" •• •• •• &O ID • 0 UNL •• 03 ., .. 41 13 • D UNL •• 11 .. 42 .... • 0, OOOUIIII FOO 
ID D UJIL "" 1• .. 40 31 a4 • D UNL •• 11 ., 40 a1 2a • D UNL •• •• •• .. 21 a4 3 ID ILOOl•D DUST .. D UNL 30 71 ., ... ae 34 • D UNL •• •• •• 42 33 38 • 0 UNL •• .. .. .. .. 34 7 Ill IL OM I NO SANO •• 0 ""' "" •• ., .. J1 32 ID 0 UNL 30 •• •• .. 18 21 1 0 UNL 30 .. •• 43 17 :ID 11 IS ILOOIOGSNOO •• . ""' 30 ,. •• 3. a4 34 • Q UNL 3D •• •• ., 23 oa • 0 UNL •• .. • • •• Ill 03 • ., 

ILOMU•O SrlAY •• 0 UNL 3D 10 •• 34 27 OD D 0 UNL 3D ,. •• •• 211 06 • 0 UNL 3D •• .. 43 37 12 • • -f 
DAY 13 DAY 14 DAY H HOZE 

OJ 0 UNI. 30 71 ., .. 41 DO • 0 UNL 30 ,. . , .. 31 03 • 0 UNL 30 11 ., ... 27 36 10 DUS' 
04 0 UNL 3D ., .. .. .. , . • 0 UNL 30 ,. •• .. 36 13 • 0 UNL •• .. •• • • 38 00 • D7 D UNI. .. , . •• ., .... • D UNL •• 11 .. .. 32 13 7 0 UNL •• 74 •• ... 2e 13 • WIND 10 D UNL •• •• •• •• 30 Je 1 0 UNL •• •• •• 47 a4 21 • 0 UNL •• .. •• ., 11 13 3 .. 0 UJIL •• .. .. • • 1& av • 0 UNL •• 07 •• 44 1a a • D UNL •• .. •• 3a IJ 07 • 011£CT IONS Alf THOSE FIOfl •• D UJIL ao .. .. .. 13 aci • 0 UfrilL •• IOI .. .. .... 7 0 UNL • • •• •• 34 12 32 • .. 0 UNL 3D .. •• ., 1& 02 • 0 UNL 3D •• 03 44 a1 31 • 0 UNL •• •• .. • • 23 33 14 NHICN Htf NINO ILONS. INOI-
H D UNL .. ,. •• 43 21 34 • 0 UNL 30 •• •• .. 22 oa •• D UNL •• 10 •• 3 • 20 ,a 10 CAT£0 IN TfNS OF DfGltffS 

FION TIUE NOITN1 I.£ •• 01 
DAY 18 DAY J,__ QAY 11 FOR £AST. II FOIi SOUTN. 27 

01 D Ulft. 30 •• •• .. ., .. • 0 UNL .. . , •• 40 47 18 • 0 UNL •• ,. •• .. 40 DD • FOi ll!ST. [NTH OF 00 IN 
04 • u ... 3D •• •• 42 .... • 0 UNL •• . , •• ., .... • 0 UNL •• 7D •• •• 41 II • TN£ OllfCTIOII COLUl'N 1111>1-07 0 UNL •• •• •• .. .. a3 • 0 UNL ID 71 •• .. .... • a UHL 10 71 •• .. .. .. • CATES CAI.fl, ID 0 UNI. •• 74 •• •• .... 3 0 UNL 10 II 03 •• 34 as • & UNL ID .. •• .. 31 15 • .. D UNI. ID .. •• .. 21138 II 0 UNL ID .. •• ... .... 1 I UNL JD •• •• .. a 3& • s,n:a IS UPlfSSfO Ill NNOTS1 •• 0 UftL •• .. •• 43 31 32 • 0 UNL JD .. •• .. 18 31 ID 7 l&D ID .. •• • • 21 32 13 

"UL HrLY IY I .15 TO CDNYflT .. D UNL ao II •• .. 32 33 • D UNL •• •• •• •• 311 38 • • ao .. •• 01 •• .. 3D • •• 0 UNL ao ,. •• .. 33 1a • 0 UNL 15 •• •• .. 34 OCI • a UNL •• II •• •• 42 34 1 TO fllLU Pf• MOUi. 

DAY Ill DAY ao DAY 21 
DI 0 UNL •• 11 •• • • ... , D UNL .. ,. 00 •• 43 38 • 0 UNL 30 

., • • •• .... • •• D UNL •• 73 OJ •• 48 OD 0 UNL .. •• •• .. 55 00 0 0 UNL •• 03 ., •• .... • 07 a UNL ID 11 63 .3 43 14 . 0 UNL JO 73 •• 03 so 31 • 10 3D •• •• .. •• es 31 • ID I UNL 10 •• .. •• ae 33 13 D UNL ID •• •• •• .... 7 a UNL ,. ,. •• •• ... , • .. 0 UNL •• .. . , • • 33 34 • D UNL ID ... .. •• 34 3a 7 D UNL 10 •• .. ., .. .. • •• 3 UNL •• 07 •• • • ao 34 10 0 UNL •• •• 01 •• ae 33 II 0 UNL 10 .. •• •• 38 211 7 .. 1 UNL •• .. •• .3 32 32 ID 0 UNL •• •• •• •• •U 3a 10 2 UNL ID • • .. ., 43 33 •• D UNL •• •• •• • • l!t 03 • 0 UNL >O ,. •• .. 51 3& • 0 UNL ID ,. •• ., &4 36 

DAY 23 DAY 23 DAY 24 
01 D UNL 10 .. •• •• 153 3D • I 250 ID ,. •• •• e4 34 • 0 UNL •• .. •• •• ., .. . 
04 0 UNl ID •• •• •• ,. .. • ID 2SD 10 ,. •• •• &3 01 10 Q UNL 30 . , •• •• 51 01 . 
07 ID UNL • . , •• • • ee 30 • ID JSD ID 71 •• •• SCI 14 7 D UNL •• 73 •• •3 &O 34 • 10 ID UNL • ,. •• ., H 215 • 8 aoo 10 ,. •• •• .... • D UNL 3D ,. .. •• 311 30 10 
13 lD UNL 10 II •• ., 44 .. • JO UNL •• ., 63 ., as 34 0 UNL .. •• •• •• 32 31 • 18 10 UNL 7 .. •• •• ..... ID 2 UNL ao .. •• .. 23 32 0 UNL 3D 00 •• • • ae 30 n 
18 ID UNL 1 •• . , •• 44 30 • 0 UNL 2D •• •• .. 27 36 . 0 UNL •• •• 03 .. ae 34 • •• 3 UNL ID 71 •• •• eo oa • 0 UNL 20 •• •• •• 35 315 • 0 UNL •• 71 •• .. 3.1 DI • .... .. DAY 215 DAY 27 
01 D UNL 3D 

,. •• •• .. DO D 0 UNL •• 77 .. • • 47 12 • 0 UNL •• •• •• ... 34 OD • 04 D UNL 30 71 .. •• .. 13 • 0 UNL 20 
,. •• •• .. ID • 0 UfrtL 2D ,. •• .. 44 •• D 

07 D UNL 3D ,. •• •• 30 II • 0 UHL 3D 77 63 •• 43 12 • 0 UNL 3D ,. •• •• 43 .18 • 10 D UNL 30 •• •• •• 30 JS • 0 UNL 30 •• .. •• 215 30 • Q UNL •• •• 03 •• 34 25 • .. 4 UNL •• 03 •• .. ae 211 • 2 UNL 20 •• •• •• 20 31 II 1 UNL •• •• .. • • J4 211 13 •• 2 UNL .. .. •• •• as 34 • 3 UNL •• IOI •• .. J7 35 • a UNL •• •• •• 43 18 33 14 

•• I UNL •• .. .. •• as 03 • I UNL 30 .. •• .. 111 35 7 7 UNL 2D .. .. .. ae 33 1:s •• D UNL •• •• 03 •• .. .. • Q UNL 3D •• •• ., aa 3• • 0 UNL •• ,. •• .. 40 36 1 

01111Y a9 DAY JCI DAY 30 
DI D UNL .. •• •• .. .. .. • 0 UNL 30 •• •• .. 63 33 • 0 UNL •• •• •• 44 47 18 • •• Q UNL •• •• • • .. 47 DD D 0 UNL 3D •• •• .. 58 OD D 0 UNL •• •• •• 44 .. .. • 07 7 URL 3D 71 •• 44 39 02 • D UNL 30 •• •• .. .... • D UNL •• 10 .. 43 .... 7 
10 0 UftL .. , . •• . , .. .,. 7 0 UNL 30 ,. •• .. 38 30 • 0 UNL •• ,. •• 43 .. .. • 1:, 10 "'" •• •• .. •• 34 30 10 D UNL •• ,. •• .. 2• 21 • 0 UNL •• 17 •• 44 aa 01 • •• 3 UftL •• .. •• •• 30 34 •• 0 UNL •• •• •• ... 20 33 II 0 UNL •• •• •• 44 20 ae 1 .. I UNL ao •• 03 ... .. .. • 0 UNL ,. •• .. • • a& 33 7 0 UNL •• .. 03 ... .... • n D URL .. 71 .. •• .. .. • Q UNL 2D ,. . , •• 31 04 • 0 UNL •• ,. .. 44 .... • 

OIIIY 3J 
DI D UNI. •• 14 .. .. .. 34 . 
04 . ""' •• .. ., .. .. 13 7 
07 D UJIL 10 10 •• .. 35 12 • 
10 • u ... •• .. 03 .. 25 30 • .. D UNI. •• •• •• .. 1a 30 ID 

•• I UNL •• .. .. .. 115 34 ID STATION TEAi & ftONTN .. I UNI. ao .. 03 43 Ill 36 • •• . ""' .. , . •• ., 34 32 • 8AAEIISF'l£LD CALIF'IJANIA ,. •• 
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JUNE 1979 

BAKERSFIELD, CALIFORNIA 

NATIONAL HEATHER SERVICE OFC 

KERN COUNTY AIR TERMINAL 

Local Climatological Data 
NONTHLY SUNNARY 

LAf(TUDE 3S 1 2S 'N LONGITUDE J19 1 03 '1,.1 H£¥AIION ll)ltC,UNOJ STANDARD TINE USED• PACIFIC ~AN •231SS 

OEGWU DAYS WfATH[lt TYPES SNGIII. ••G• 
TEMPERATURE 'F 8AS[ 661 ON OAl[S Of ICf Pl[CIPITATIO!rt s,a, ION WINO SUNS"HtE 

OCCURltUCE l'fUtlS PIIIU• FASIESf 
If; § C , ,aa .. 

IIIIUClt -· "'" E C NILE 
~ ;~ -~ 2 Id.A" FOG IU IN ... C r w 

-i "' ~t 
)IMUNDlltSIOltlll :l; 

~ ,c -~ ...... [QulWA- '" - - - - L i! 
2~ z • ICt P[LUIS ! z . 

C 

~ I i• i• iltAll 
., 

L[lrllf 
fl[V, « C 

I 
~ 

~ 

~~ 
PflLt:11 r r w ~f C ,~ =v :; I IOI.Ill! O•AH 492 ~ ~c 

L 
C• 

w 
~ lDUIISIOlfll " , .. F[fl al ~ w WL ; i ;; 8~ 

~ w w. h "' i 1a: I SflOtl[. "8ll ~ ~~ C 5;c i' C C I ILININO $1l1011 
, .. 111.S.L, C 

I 2 3 4 5 6 7~ 7B B 9 10 II 12 13 " 15 16 17 1B 19 

I 102 6B 86 13 •3 0 21 0 0 0 29,32 OJ 3.8 7.6 17 33 

2 104 72 88 15 42 0 23 0 0 D 29.30 27 1.2 7,B 15 28 
3 102 72 87 13 45 0 22 0 0 0 2Sl.31 34 5.5 6.8 16 33 
4 100 71 86 12 •6 0 21 0 0 0 211,31 35 3.2 5.2 10 32 

5 98 71 85 11 50 0 20 0 0 0 29,30 35 3. 7 ... 13 28 

6 100 76 88 14 49 0 23 8 0 0 0 29,20 35 5.4 8.6 18 32 
7 BO 69 80 5 41 0 15 0 0 0 29.25 3• 5.J 8.2 17 32 

8 95 68 82 7 35 0 17 0 0 0 2lil.~ 05 2., 7. I 13 33 

9 100 6Q 85 10 37 0 20 0 0 0 29.!,1 33 2.1 5.9 15 33 

10 105 71 88 13 •2 0 23 0 0 0 29,46 OJ 1.3 ... 17 32 

11 109 70 •o 14 •5 0 25 0 0 0 21i1,•U 35 2.6 6.2 14 32 

12 110~ 7S ... 17 41 0 28 0 0 0 29.39 34 3.4 7 .3 15 36 

13 101 73 87 11 •O 0 22 0 0 0 29.'41 30 5.Q ... IS 33 

I• ea 63 76 0 33 0 11 0 0 0 21i1.4t7 34 7. I 7.Q 14 31 

15 QO 60 75 -2 41 0 10 0 0 o aa.~ 34 6.6 7,8 15 32 

16 87 60 74 -3 4• 0 • 0 0 o aa. 39 33 8,3 8.6 18 33 

17 78 57 68• -• •3 0 3 0 0 o aa.45 34 a.a 9.Q 16 34 
18 82 57* 70 -7 42 0 5 0 0 o aa.so 33 6.0 7.6 16 32 

IB 88 60 74 -4 45 0 • 0 0 0 2Q,4Q 30 3.0 6. 3 13 28 
20 B4 65 80 2 46 0 15 0 0 0 2Q.46 28 2.4 6,6 14 28 
21 92 66 7Q I 45 0 14 0 0 o aa.sa 33 4.1 6.6 15 31 

22 QI 63 77 -2 46 0 12 0 0 0 2Q.4Q 31 4.2 1 .a 15 32 
23 QB 68 83 4 46 0 18 0 0 o aa.,a 05 .. 7.2 15 31 

24 102 6Q 86 7 so 0 21 0 0 0 29.35 35 4.I 6.8 13 31 

25 ., 70 84 4 411 0 19 0 0 0 29.46 33 6,6 7.2 14 31 

26 Q3 67 80 0 53 0 IS 0 0 0 28.541 32 4. 7 6.8 15 28 
27 93 69 81 I 52 0 16 0 0 o aa.sa 26 3.8 7 .2 14 26 
28 Q7 68 83 3 50 0 18 0 0 D 28.419 32 • .I 7.5 14 32 

2B 91 66 7Q -2 4Q 0 14 0 0 o aa.419 32 ... 7.6 12 30 

30 88 64 76 .... 4Q 0 11 0 0 o aa.~ 32 3.5 7. I 14 2B 

••• Su• TOTAL fDfA fOTA TOfAL , .. ,., NDNfHt TOTA • on,A n 5nn NIINIIFR OF n,ns • no n :)D,111"!."!i ,.a 7.3 ,A .. ••• 
Avn. AVll, AYO, D ,. AVC, D£P, .... fl•t:c IPI TAT ION .... -- --- --•IDATE1 IA • _, .... -·· .... D7.3 81 4 4.5 45 • 38 ;,n1 NCH n ..n.n~ 

SfA!t.ON fO hAf SNOM, ICE P,£llfTS 

SIIY COVER 
l[NIHS 

!'? !! 

H ~ 

~ -- w 

~~ 
E~ 

!~ 
20 21 
2 l 
0 0 
0 0 
3 2 
I 0 
0 0 
0 0 
0 0 
2 2 
0 0 
0 0 
0 0 

• 6 
0 I 
0 0 
0 0 
2 I 
I 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
8 6 
8 6 
5 3 
6 4 
3 2 
0 0 

SUft su• 
~n .. 
AVD • •vo. 

7 ,.! 

NUNIU OF RAYS TOTA TOTA ; 1.0 INt:H • .. ,AT T IN 2' HOUIS ANO OAT S OIUTEST Df.flfH DN OltOUIID OP ltlDIII, 

NA• NU" TUP. NIN NIIN l[,W, 

i QQ ' " C 32 C O • D'P. 
H a a • -

• (ITAENE FDlt THE flONTH • LAST OCCUHENCE IF 
NOltE THAN ONE • 

T TIIACE ANOUNT 
• ALSO ON AN EARLIEII DATE, 011 DATES, 
HEAVY FOO• - VISIBILITY IH NILE 011 LESS. 
FIOURES FOR WIND DIRECTIONS ARE TENS OF OE· 
DREES CLOCKWISE FRON TRUE NORTH. 00 • CAtN. 
DATA IN COLS. 6 AND 12·15 ARE IASED ON 7 QR 

873 THl•Nn5"5TOIIN5 n P'IH P, TAT lftN CIIIIQW. 1r, P£lLfT'!I. ICE P'•• 1 l'fS DI ICE AND DIITI! .... HEAVY Fnft n a 
n All ~5 PAlf Y ' . CLOUDY 

NORE OISUYATIONS P,£11 DAY AT l·HOUII INTEIIYALS· 
FRSTEST IIILE MIND SP'UDS All£ FASTEST OISUVED 
QNE·NINUTE VALUES WHEN DIIIECTIONS All£ llrt TENS 
OF 0£0RE£S. THE I WITH THE DIIIECTIO!rt INDICATES 
l"EA« DUST SflE£D. 
ANY EltltOIIS DETECTED NILL 1£ CORRECTED AND 
CMANOES IN SUNNAIIT DATA Will IE AlrtNOTATED IN 
TH[ ANNUAL SUNNARY 

a 
3 

!~ 
ii 
01 
O• 
07 
10 
13 
16 
19 
22 

n 

SUPIPIARY BY HOURS 
AWEIIAOES IIIUI.TINT 

TEMPUATUtlf 
_!.I~ 

E .. .. 
!::! !! ! - .. ! 8! ~ : ..: !::!:: s:~ - u,z 

' 
= i i ::I': -.,_ ;i i~ i~ .. w " ii Ii~ :;; f i i 0 

D 29.412 7~ 57 ... 37 4,1 :SIi 1.11 
1 29.13 8Q H ... ... 4,1 011 2,3 
1 29.-46 75 •• 47 ~ 11,1 n a.a 
2 29.16 84 62 411 27 7,11 :SQ :,.7 
2 21il.12 aa 6' ... ao 11,1 31 7.Q 
2 29.36 95 65 :: II 11.5 :sa 10. 7 
1 29.36 8Q 63 21 11,1 :14 7, I 
0 29.410 ea .. 43 ao 7 .I 01 5.3 

HOURLY PRECIPITATION IWATER EQUIVALENT IN INCHES! 

i A. N. HOUR .... AT P, N, HOUR ENOIN AT 

1 2 3 • 5 6 1 A 9 10 II 12 1 2 3 • 5 6 7 A q '" 12 
I 
a 
3 

• 
5 
6 
7 
8 

• 
10 
11 
12 
13 
I• 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

~ 

22 
I 
2 
3 
4 
5 
6 
7 
8 

• 10 
II 
12 
13 
14 
15 
16 
17 
18 
IQ 
20 
21 
22 
23 
24 
25 
26 
:n 
28 
aa 
30 

i 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
1• 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2• 
25 
26 
27 
28 
29 
30 

SUBSCRIPTION PRICE• 13,30 PER Yf.AR INCLUOINO AJINUAL SUNl'lf:IRY, FOREIGN "AlUNG tl.95 E:wTRA. SJNOlf COPJ1 25 CENTS FOR NONTHLY ISSUE. 30 CfJHS FOR 

ANNUAL ISSUE. THERE IS R "INl"UN CHARGE OF 13,00 FOR EACH ORDER OF SHELF-Sf0CK£0 ISSUES OF PUBLICATIONS. "Alll:f CHECKS PAYABLE TO DEPAltTNENT Of 

CO,.f'IERCE, NOAA. SEND PAYNENTS. ORDERS, SINO INQUIRIES TO NIHIONAL Cll,.ATIC CENTER, FEDERAL BUILOlltG, ASHEVILLE, NORTH CAROLINA 28801, 

I CERTIFT THAT THIS IS AN OFFICIAL PUBLICATION OF Ht£ NATIONAL OCEANIC ANO AT,.OSPH£RIC AO,.INISTRATION, AND IS COMPILED FRO" RECORDS ON FILE AT THE 

NATIONAL CL JNRT IC CENTEP., ASH£YILLE • NORTH CAROLINA 28801. £) • _,, ,,-;::J• ,n, ,/,# LJ A/7 

noaa NATIONAL OCEANIC ANO / ENVIRON"ENTAL DAIR ANO ~ (.(), ~ 
AT"OSPHERIC ~O"INISIRAIION INFOR"RIION SERVICE OIRECIOR. NATIONAL CLl"AIIC CENTER 

USCOM- ·f:<ORA- -RSHEV ILLE 01123119 •OD 
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fEl'IPERAruRE 

Q: 
::-::, ........ ~ 

0 .. 
:,: ii~ ~ ii • 

DAY 01 
01 0 UNl 30 ,. SB ... 
04 0 UNl 30 71 S7 ... 
07 0 UNl IS 70 so 46 
10 0 Uhl IS 87 63 46 
13 1 UNl .. 97 66 46 
16 7 ISU 20 101 66 39 
19 0 UNL JO 94 63 38 
22 0 UNL 30 87 61 41 

OA'I' 0-1 
01 0 UNL JO 77 60 47 
04 0 UNL 20 74 S9 48 
07 0 UNL .. 78 •• 48 
10 0 UNL IS 91 83 43 
13 0 UNL 20 97 6S 43 
16 B UNL 20 07 6S 42 
19 5 UNL 30 92 6S 47 
22 0 UKL 2S 78 60 46 

DAY 07 
01 0 UNL 30 " S6 40 
04 0 UNL JO 71 •• 40 
07 0 UNL 20 78 S7 40 
10 0 UNL 10 •• SB 30 
13 0 Ul'IL 7 •• Bl 41 

•• 0 Ul'IL 7 00 82 40 
19 0 UNL 10 •• 61 40 
22 0 UNL 10 74 SB 4S 

DAY 10 
01 0 UNL 20 77 S7 40 
04 0 UNL 20 74 .6 41 
07 0 UNL 20 00 •• 40 
10 0 UNL 10 89 ., 44 
13 0 UNL .. oo 67 4B .. 0 UNL .. 104 •• .. 
,o 0 UNL IS OB 64 30 
22 0 UNL 30 87 BO 30 

DAY 13 
01 D UNL 30 70 •• 37 
o• 0 UNL 30 7S OS 37 
07 7 UNL .. 70 so 44 
ID 8 UNL .. 87 62 42 
13 10 UNL 15 •• 66 .. 
H! 10 UNL • 100 67 45 
19 10 UNL 10 .. 83 4, 

22 0 UNL ,o 79 ss 30 

DAY 16 
01 0 UNL 20 63 53 44 

o• 0 UHL 20 61 •• •• 
07 0 UNL .. 70 S7 47 
10 0 UNL .. 78 S9 44 
13 0 UNL .. 84 so 30 

•• 0 UNL 20 86 60 30 

•• 0 UNL 25 BO S9 43 
22 0 UNL ,. 72 SB 46 

OA'I' IQ 
DI 0 UNL JO 68 S4 42 
04 0 UNL 30 61 .. 41 
07 0 UNL 20 60 ss 4• 
10 0 Ul'IL IS 78 09 4• 
" 0 UNL 15 04 62 .. 
•• 0 UNL .. •• 64 •7 ,. 0 UNL 20 84 63 .. 
22 0 UNl 20 76 BO 47 

DAY 22 
01 0 UNL 20 70 S7 48 
04 0 UNL 20 64 s• 46 
07 o urn 30 73 S9 48 
,a 0 UNL 20 82 61 4S 
13 0 UNL .. 87 63 .. 
16 2 UNL .. .. 64 4S ,. 0 UNL IS •• 82 .. 
22 0 UNL 20 78 S9 .. 

OA'I' 25 
01 0 Ul'IL 20 ,. S9 46 

O• 0 UNL 20 72 SB 48 
07 2 Ul'IL 20 77 62 SI 
10 8 2'SO .. .. 04 so 

" 10 250 20 03 64 44 
16 10 2SO 20 9, •• 46 
19 10 UNL 20 •• 6S 50 
22 0 UNL IS BO 62 •a 

DAY 29 
01 0 UNL 20 78 61 48 

O• 6 UNL 20 70 60 S2 
07 8 Ul'IL 10 7S 62 S3 
10 .. UNL 10 BS 67 •• 
" 5 UNL 10 02 66 48 
16 7 UNL !O 06 67 .. ,. 2 UNL 10 •• 6• .. 
22 1 UNL 10 82 60 43 

U.S. DEPARTMENT OF COMMERCE 
NATIONAL CLIMATIC CENTER 
FEDERAL BUILDING 
ASHEVILLE. N.C. 28BO1 

34 06 
38 11 
35 17 
24 25 
17 02 
1;, 33 
1• 02 
20 03 

31:> 02 
-10 00 
35 11 
18 27 
16 35 
15 3-1 
21 36 
32 00 

30 09 
33 OQ 
26 32 
22 30 
20 315 
17 33 
27 3:il 
36 00 

27 00 
JI .. 
2-1 14 
21 ,. 
us 32 
14 34 
13 3e 
18 08 

25 30 
25 3 .. 
28 20 
21 17 
17 30 
15 26 
1CI :SJ 
17 33 

50 33 
e3 3"' 
.... 00 
30 27 
20 33 
llil 33 
27 32 
.. 3 33 

38 10 
48 00 
41 30 
30 12 
26 26 

"'"' 28 30 29 
36 36 

42 32 
52 00 ., 12 
27 32 
23 31 
20 30 
., .. 29 
31 12 

36 33 
.. 3 01 
40 00 
31 36 
~8 31 
17 32 
26 30 
35 32 

35 00 
'S3 26 

46 " 37 28 
22 30 
20 31 
25 33 
25 01 

4 0 UNl 20 
s 0 UNl 30 
4 0 UNl 20 
s C UNl IS 
s 0 UNL IS 

IS 0 UNl .. 
9 0 Uhl 20 
6 0 UNL 20 

0 UNL 20 
0 UNl 20 
0 UNL 10 
2 UNL 10 
O UNL .. 
0 U~L IS 
0 UNl 20 
0 UNL 20 

0 UNl IS 
0 UNL IS 

14 0 UNL 10 
0 O UNl IS 

• 0 UNL JO 
10 0 UNl JO 

7 0 UNL 30 
0 Q UNL 20 

0 0 UNL 20 

• O UNl 20 
7 0 UNL IS 
4 0 UNL 10 

10 Q UNL 10 
10 0 UNL 10 

6 0 UNL 30 

• 0 Ul'IL 30 

0 UNL 15 
8 Ul'IL 10 

4 0 UNL 25 

• 0 UNL 
,. 

11 0 UNL 20 
5 0 UNL 20 

12 a UNL 20 

" 0 UNL IS 

4 0 UNL 30 
s 5 UNL 30 
0 0 UNL 30 
4 2 UNL 30 

11 2 UNL 30 
12 0 UNL 30 
14 0 UNl 30 
10 0 UNL 30 

5 0 UNL 30 
0 0 Ul'IL 30 
s 0 UNL .. 
4 0 UNL 10 
6 O UNL .. 

11 0 UNL .. 
6 0 UNL 20 
7 O UNL 20 

6 0 UNl 30 
0 0 Ul'IL 30 
7 0 Ul'IL 10 

" O UNL 10 
6 0 UNL 10 

10 0 Ul'IL 10 
0 Ul'IL .. 
0 UNL .. 

4 3 UNL .. 
s 3 UNL .. 
0 10 UNL 10 

• 10 UNL 10 
10 10 250 10 
11 1 UNL 10 
s 10 UNL .. 
7 0 UNL IS 

0 UNL 10 
0 UNL 10 
0 UNL 30 
0 UNL 20 
7 UNL 20 
2 UNL 20 
3 UNL IS 

10 0 UNL .. 

llf•IM(I ~ . 
• • 

DAY 02 DAY 03 

'6 so ... 33 20 4 0 UNL 20 77 60 ., 35 DO 0 

74 SB 4S 36 12 6 0 UNL 20 73 SB 4S 37 00 0 

BO 61 47 31 IS 7 0 UNl 30 BO 61 46 30 12 4 NOTES 
89 63 4S 22 14 3 0 UNl 20 91 64 46 21 34 9 
98 68 43 15 28 13 0 UNl 20 97 66 4S 17 31 10 CE I LING 

103 67 40 11 33 10 0 Ul'll 20 101 67 ., 14 :,• 10 UNL 1mrc•rts INl.l"l'H 
06 63 36 12 01 • 0 UNL 20 94 64 ., 16 3• 7 

BS so " 18 20 0 UNL JO ., 62 47 28 3fi 7 

OA'I' 05 OA'I' Ofi 

78 61 .. 35 06 0 UNL IS 79 62 so 36 08 s 
72 S9 so 46 14 0 UNL IS 70 62 so 36 08 s WEATHER 
76 62 S2 43 09 . 0 UNl IS 86 6S S2 JI 11 4 

87 67 S4 32 32 • 0 UNL .. 02 67 SI 25 3• 12 TORNAOO 
04 67 so 22 32 10 0 UNL 10 96 60 SJ 23 29 • THUNOfRSfORl'I 
98 60 SJ 2.J 32 0 UNL 7 100 69 so 19 35 11 

SQUALL 
03 66 .. 21 35 0 UNL 02 63 41 17 33 10 

84 63 48 29 03 0 UNL 7S S9 46 315 30 s RA(N 

•• RAIN SHOWE RS 

DA'I' 08 DAY 09 
,. FREEZING RA(N ,. s• 37 25 06 4 0 UNL 20 71 SJ 36 28 12 L DRllllf 

70 •s • I 35 09 6 0 UNL 20 71 S4 ,. 30 10 lL FREEi I NG OR I llLE 

BO SB ,. 2:il 12 6 0 UNL .. 77 •6 36 25 00 s SNOW 
87 •• 31 J3 18 • 7 UNL 20 •• 61 ,. J7 21 SP SNOW PfLLffS 
04 •• 33 12 33 6 UNL 20 07 63 " 12 29 • IC (CE CR1'STALS 
93 •• ,. 13 30 0 UNL 20 100 6S ,. 12 33 12 SW SNOW SttOWERS •• so 31 12 01 0 UNL 20 93 62 36 " 36 

7 so SNOW ~AUilS 
Bl S6 JI 16 07 0 UNL 20 86 so 36 J7 OD 0 IP ICE PEL.LETS 

DAY 11 DAY 12 • HAIL 

78 60 48 32 00 0 0 UNL 20 84 •• 36 18 31 4 F FOG 
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06 66 81 0 • 7 0 16 0 0 0 29.30 33 • .3 7.8 18 02 0 0 

86 66 76 -6 .... 0 II 0 0 0 29.31 ,. 10.9 11.B 23 33 0 0 

86 61 7• -e so 0 0 8 0 0 0 29.•1 33 5,8 7 .5 13 20 5 3 
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0 UNL B 
0 UNL B 
0 UNL 10 
0 UNL 10 
0 UNL 10 
0 UNL 10 

0 UNL 30 
0 UNL 30 
0 UNL 10 
0 Ul'tL 10 
0 UNL 10 
0 UNL 20 
0 UNL 20 
0 UNL 30 

0 UNL 30 
0 UNL 30 
0 UNL 15 
0 UNL 10 
0 UNL 10 
0 UNL 10 
0 UNL 20 
0 UNL 10 

CAY 03 

OAY 06 

DAY 09 

DAY 12 

DAY 15 

DAY 18 

DAY 21 

DAY 24 

DAY ;p 

DAY 30 

79 07 

66 55 -46 4Q 34 S 
63 55 49 60 02 7 
72 60 SJ 48 15 "" 
76 61 !:,J 42 30 6 
83 6• !:,1 33 32 7 
es 65 s1 30 32 rn 
83 6• 51 33 32 6 
74 61 52 46 33 7 

67 56 "'8 51 30 5 
6• 57 i:,2 65 OD O 
69 60 5• 59 18 3 
77 6• 55 -4700 0 
85 66 55 36 30 JO 
88 65 51 28 31 9 
B"'i 64 51 32 31 6 
79 63 52 38 OS 3 

75 62 53 "'16 00 0 
6.7 62 58 73 QQ 0 
72 62 55 ss 18 5 
82 65 55 •026 7 
90 69 57 33 28 8 
96 70 55 25 31 12 
so 88 se 3233 e 
1!11 66 t;& 42 313, 9 

7"'1 81 51 45 OD 0 
73 60 51 "'16 JO 5 
80 62 "'9 3• 16 • 
87 67 5• 32 35 7 
89 88 SB 3328 e 
9"'1 70 57 28 30 7 
SJ 70 59 3• 25 • 
8• 68 SU •308 5 

81 67 SB 46 3• S 
79 66 SB "'9 OJ S 
83 6& 6• "'600 a 
91 71 60 35 2• 4 

100 M 62 29 31 11 
106 7"" 57 20 32 12 

Q!:, 72 60 31 33 7 
BS 68 SB "'1033 6 

B6 67 55 35 ao a 
78 67 61 56 00 0 
82 68 81 49 15 • 
GI• 63 39 JS 35 7 

101 68 •7 16 31 8 
103 71 SJ 18 :11 10 
9610%2&2&4 
90 86 51 2& OD D 

79 67 61 S• 3• 6 
77 67 61 58 36 6 
BO 67 e,o ill 2~ 8 
857062"'62• 6 
92 7• 65 •1 30 11 
96 75 65 36 31 15 
BS 73 67 51:, 32 13 
77 68 65 67 20 S 

83 67 58 •3 00 0 
81 87 58 •7 1D • 
8• 8860-MDOD 
83726238223 

100 7• 60 27 30 11 
103 7• 60 2• 32 8 
98 73 61 29 28 4 
80 70 60 37 03 S 

76 62 52 •3 00 
15 63 ss ...aoo 
78 66 SB 48 OD 
85 68 55 3828 6 
93 67 so 23 25 10 
97 70 5.. 2• 30 t.il 
89 68 56 3330 6 
8"" 65 53 3• 0• 6 

78 63 52 •O 00 O 
11 s2 52. ~2 oa "" 
81 6• 52 37 13 6 
93 68 52 25 19 6 

100 71 55 22 30 12 
10"'1 73 56 20 30 I • 
93 70 58 31 32 5 
8& fi7 S,t; 3S. 00 0 

l'OSTAOl ANO FUS l'ftJO 

u.s. D[l'ARTNE.Nf OF CDftMIC[ 

COM-210 

NOTES 

CEILING 
UNL IIIDlt•ru Ulll.11111[0 

WEATHER 

TORNADO 
THUNDERS TQRpt 
SQUALL 
RAIN 

RN RAIN SNONERS 
ZR FREEZING ftAIN 
L DRIZZLE 
i!l FRUltNG OfUlllE 
S SNON 
SP SNON PELLEfS 
IC ICE CRTSfALS 
SN SNON SHOWERS 
SG SNON ORA I NS 
IP ICE PELLEfS 
A HAIL 
F FOO 
IF ICE FOO 
GF GROUND f'OO 
80 8LONINC ousr 
8N 8LONINO SAND 
BS BLONINO SNON 
BT BLONINO SPRAY 

K S"ONE 
HAZE 
OUST 

MIND 

DIRECTIONS AR£ fHOSE f'flOft 
NHICN THE NINO 8LONS. INDI
CATED IN JENS OF DEGREES 
FRQpt TRUE NORTH a I.E.• 09 
FOR EAST. 18 FOR sourH. 27 
FOfl NEST. EMTRY Of 00 IN 
TH£ DIRECTION COLUptN INDI
CATES CALft~ 

SPEED 15 EXPRESSED IN NNOfS 1 
"ULTIPLT 8¥ 1.15 TO CONVERT 
TO ptlLES PER HOUR. 

00 
FIRST CLASS 



AUGUST 1979 

BAKERSFIELD, CALIFORNIA 

NATIONAL WEATHER SERVICE ore 
KERN COUNTY AIR TERMINAL 

Local Climatological Data 
'10NTHLY SU'1'1ARY 

LA'ITUO[ 35,
1

25, 'N LDMGIJUDE 119
1 

03 'w ELEVAIION ,aaou1110, .. 75 FT. SIANDMD tiff[ UIE0• PACffIC WBAN S23155, 

" C 

I 
I 
2 
3 
4 

• 
6 
7 
8 
9 

10 
II 
12 
13 
14 
JS 
16 
17 
18 
J9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

OlGIE[ DAYS M[AtM(R rvP£S -· 11,0. 
511:'I' covu 1EMPERIHURE ., 

BASE 661 Olf O"lfS Of !Cl J'~f[JPJTATJOH SHUJOII Wl~O SUlrtSHINE 
TflllfHS 

OCCuHUCE PIUlfl ,.t:5-
FASfESI t· I a I fOO .. .. ,, .. -· ... , " C Nfl[ ~: ;~ 2 tott•n roo IUc,tl ... 0 ~ w 2 wt Jf......O(lflllOIIII ....... (IIUIWA· "' - - -

~ 
- ._ :i,, 

~ i E 
E E ~i r 

i~ 
• :C!l'fllffl ., t:l(f, H ~ w ~~ ~ ~ l:j ff r • 
,.._IL l[llf l"f.LUT9 

I 
E E w ~! ~-,c ,c :: I~ =11 :;2 I Ol,111[ 04AP1 "92 ._ C -

~ "~ Zi '1 OIJSTITORfl' ,. ... •tff ~ 
WO-z ~ ~~ ;; e; ,c " r 

~~ ~~ f " w" I SflOtl.l, ""II ... 0-E 

" " c~ 
lll.DIIIIIIGSIIChl 

11,S,L, ~ C 0- C 

2 3 • 5 6 7~ 7B B 9 10 II 12 13 ,. 15 16 11 1B 19 20 21 
112• 76 94E 10 50 0 29 0 0 0 29.41 34 2.6 4_9 9 36 0 D 
109 77 93 9 50 0 28 0 D 0 29.32 33 4.9 5.9 13 33 0 0 
IG7 75 91 8 .... 0 26 0 0 0 29.26 33 2 .• 5.3 12 03 0 0 
101 73 87 4 •o 0 22 0 0 0 28.33 33 7. 7 8.6 .. 30 0 0 
97 69 83 0 •2 0 18 0 0 0 29.• J 27 3.3 4.2 8 30 I 2 

100 73 87 4 '3 0 22 0 0 0 29.10 29 2.8 6.8 10 31 7 6 
103 74 89 6 52 0 24 0 0 0 29,38 34 4.1 6 .• 13 34 2 2 
102 74 88 5 46 0 23 0 0 D 29.11 34 4.2 5.5 12 35 0 0 
100 70 85 2 52 0 2D 0 0 D 29.•2 32 2.4 6.3 .. 32 • 3 
103 71 87 5 54 0 22 0 0 0 29.31i1 34 3.3 6.8 14 31 2 3 
100 78 89 7 56 0 24 D D 0 29.29 28 .... 8.5 ,. J4 JO JO 
95 71 83 I 50 D 18 D 0 0 29.2" 3• 7 .5 9-6 15 33 8 6 
86 64 75 -7 52 0 10 0 0 0 20 ... 2 34 6.6 7.8 13 33 I 1 
86 BO* 73Z -9 06 D 8 D 0 0 29 ... 7 31 5.4 7.3 14 31 0 0 
89 65 77 -5 57 a J2 a a 0 29. • J 33 2.4 3. 7 JO 32 D D 
92 65 79 -3 57 0 14 0 D 0 29 ... J 30 2.9 5.0 14 31 1 2 
94 68 81 0 57 0 16 0 0 0 29.43 32 4. 7 6.5 15 30 10 8 
99 73 86 5 54 D 21 D 0 0 20.39 35 2.6 8.1 14 33 8 6 
95 70 83 2 51 0 16 0 0 0 29.38 34 6.3 7.5 J6 35 a 0 
89 63 76 -5 54 0 II 0 0 0 29 ... 3 32 6.9 7.3 15 33 0 0 
87 64 76 -5 55 D II 0 0 0 29 ... 7 34 4.9 6.2 15 29 a D 
87 63 75 -6 56 D 10 0 0 0 21i1.50 27 3.9 5.6 9 32 D 0 
88 64 76 -5 59 0 II 0 0 0 29 ... 7 32 2.9 5.2 10 30 6 4 
88 64 76 -• 57 0 II 0 0 0 29 ... J 26 2.4 5.6 10 30 10 8 
91 64 78 -2 54 0 13 D D 0 29.33 34 3.5 5.9 14 31 I I 
89 63 76 -4 53 0 II 0 0 0 29.36 3J 3. 7 5-8 12 31 0 0 
93 70 82 2 55 0 17 a 0 0 29.3J 34 1.0 5.?, 12 30 0 D 
93 72 83 3 57 0 18 0 0 0 29.2• 33 4. 7 5.8 13 33 2 2 
87 70 79 -I 58 0 14 D D 0 29.25 32 ... 8.6 14 31 4 3 
85 65 75 -• 59 D 10 0 0 0 29.36 3J 5.2 7.2 13 32 I I 
89 64 77 -3 58 0 12 0 0 0 29.33 3a 1.9 5.0 12 30 0 0 .... .... TOlJ!iL TOTAL TOTA TOTAL F R ,., flONTH1 TOTA • .... .... 

:,931& ,,,. -- -- - a 5>4 NUflBfR OF DAYS .oo D 2D 37 32 3.8 8 4 16 35 , .. .1!L ¼. AYG. 'lvo. AYO. DfP. AVG. DEP. DEP, Plt£CIPITATION . ... OAT ' ,a l RIIIITH AVG. 
94 7 ~-.• es.a a., 54 n 9 >.01 INCH a -0.01 -- --- ------- . .. , .. 

SEASON TO DAT£ SNON, ICE PELLETS 
NUflAJR OF hAYll!. TOTA TOTA ; 1-0 "'" n MJAT[ll!.T N U HhURS Attn hAffll!. GREIUEST DEPTH ON OIIOUNO OF &NON, 

flAX "uft T5:'f1P. " NlflUN TEflP. n >n1 
i 90 

' 32 
I C 32 • l 'D DEP. I DfP. 

19 n n n n 

• UTRENE FOlt THE flONIH - LAST OCCURlt[lilCE. If 
"Ort[ THAN ON£• 

1 TR'RCE IUtOUNT 
• ALSO ON AN EAILIU DATE, OR OATES-
HEAVY FOO• - VISIBILITY 1/4 "IL£ OR LESS, 
FIGURES FOlt MIND DlltECTIONS Alt£ TENS OF OE
OttEES CLOCIINISE FRDfl TRUE NOWTH, 00 • CAUi. 
DATA IN COLS. 6 AND 12-16 ARE BASED ON 7 OR 

THUNDUSTOltflS Pl CJPIHIT ON SNftN, IC:r PE ETS IC:f PELLETS OR IC£ Attn nATf 

H An FOO 0 "' 0 n 
C £AR :12 PART Y C """T 4 C' ••••y 5 

flORE DISUVATIONS ,Elt DAY AT 3-HOUR INTUVALS, 
FASTEST "ILE. WINO SPEEDS ARE FASTEST OBSEltWED 
OHE-1'1NU1E "mun NJtfN DIRECTIONS Alt( IN TENS 
Of DEGIEES, THE / MITH Ht£ DlltECTION INDICATES 
PEA~ OUST ,,no. 

A V E A A 0 £ S RESULTl,fll 

ANY EltltORS DETECTED WILL H COIHtECTED AND 
CHAN0£S IN SU"flAltY DATA li61LL BE ANNOTATED IN 
THE ANNUAL SUfl .. ARY 

,~ 
; 

01 
04 
07 
10 
13 
16 
IQ .. 

~ i ~. 8! - ~z -~-i! " ... :;; f 
I 29.3B 
I ilil.39 
3 29 ... 2 
3 29 ... 2 
2 29.38 
3 29.32 
2 29.32 

29.36 

tfflPFRAtURf 

~ .. . ._ ,. 
~~ " ii ;:; :!I 

75 62 53 
72 61 54 
75 63 5A 
83 66 54 
90 66 .5 
94 69 ... 
86 67 5S 
RO •• •3 

_...!.!~ ,., C 
w 

~ :: w • :~ 9~ C u 

i ;: z,c e;.: i 0 
47 4.7 34 3.4 
56 4.3 36 2.2 
50 4.6 10 1.7 
38 6. I 28 3.8 
31 8.5 31 7 .3 
27 J0.2 31 9.3 
36 6,4 32 4.9 
41 6.3 n1 4.8 

HOURLY PRECIPITATION !WATER EQUIVALENT IN JNCHESI 

i A. "• 110UR "" . ., P. "• HnUR ND NO AT , • • • 7 " • t • I IZ I , 3 • 5 6 7 • 9 0 1, 
I 
2 
3 

• 
5 
6 
7 
e 
9 

ID 
II 
J2 
13 
J4 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
ae 
28 
30 
31 

w 

" C 

22 
1 
2 
3 
4 

• 
" 7 
8 
9 

10 
JJ 
12 
13 
14 
15 
16 
17 
18 
ID 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
3D 
31 

i 
I 
2 
3 
4 

• 6 
7 
8 
9 

10 
II 
12 
13 
14 .. 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUBSCRIPTION PRIC£1 13.)0 PER YEAR !NCLUOING ANNUAL SUl'll'IARY. FOREIGN flAlLING 11,95 EXTRA, SINGLE COPY1 25 CENTS FOR flONTHLY ISSUE, 30 CENTS FOR 
ANNUAl ISSUE- TH(Rf IS A l'flHlHUl'f CHARGE OF U-00 FOR EAiCH OROflf OF SHELF-STOC.11'.ED ISSUES OF PUBLJ(AJIONS. l'IAK[ CHfCIIS PAYABLE JO DEPART"[NT OF 
CD"l'IERCE. NOAA, SfNO PAYl'IENTS, ORDERS. ANO INQUIRIES TO NATIONAL CLll'IATIC CENTER, FEDERAL BUILOING. ASHEVILLE, N0RTl1 CAROLINA 28801, 

I CERTIFY Tl1RT THIS IS AN OFFICIAL PUBLICATION Of THE NATIONAL OCEANIC All!O AlflOSPHERIC ADNINISIRATION. ANO IS COl'IP(LEO FRO" RECORDS ON FILE AT TH[ 
NATIONAL CLlflATJC CENT[Jt. ASHE"ILLE, NOfUH CAROLINA 28801-
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3-HOUR 

"' ::-:::, 111•t1111 11(1111(1 " 0 

ii :,: . g . . • ;; • 
DAY 01 OAT 02 OAT 03 

01 0 !..'NL 20 8• 62 47 28 33 • Q UNL 30 •• ., .. 28 00 0 0 UK\. 30 Bl . , .. 29 01 • 
O• 0 UNL 20 77 •• •8 52 00 0 0 UNL 30 8. Bl .. 28 DO 0 0 UNL 30 77 63 ., -43 00 0 
07 0 UNL 7 86 67 •• 35 14 3 0 UNL 7 80 65 •o 2s oa 3 0 UNL 10 82 63 ., 3 ... 12 4 NOTES 
10 0 UNL 8 86 68 .. 23 18 • 0 UNL 15 87 67 .. 20 '30 • D UNL 8 02 68 ., 27 00 0 
13 0 UNL 8 10• 72 ., ta a 4 Q UML .. 102 69 .... '1 3S • 0 UNL .. 103 .8 ... 13 27 4 CEILING ,. 0 UNL 20 111 71 .. 11 3• 8 0 UNL 15 108 72 ., JS 33 II 0 UNL 15 104 72 54 Ill 2B 10 UNL IICIICIT[I Ulll.llllflO ,. 0 UNL 30 l02 67 42 13 01 • 0 UNL 20 •• 60 .4 2"f J• • 0 UNL ,. 83 68 56 29 30 . 
22 0 UNL 30 87 63 47 25 36 • 0 UNL 30 BO 86 ., 32 36 • 0 UNL .. 88 60 37 l& 03 10 

DAY 04 DAY OS DAY 06 
01 0 UNL 30 BO ., ,. .!O 01 • 0 UNL 20 ,. 64 •• 56 3• e 111ioo .. 77 64 •• 47 30 4 
04 0 UNL 30 70 60 .. 31 02 • 0 UNL 20 71 61 .4 55 21 2 UNL 30 ,. 62 .4 .. ,. • WEATHER 
07 0 UNL 20 83 63 ... 30 OD 0 0 U"L 15 ,. 63 •o !io2 DD 10 130 30 77 .. 57 50 J7 • 
10 D UNL 20 88 68 •• 32 31 0 0 UNL 15 84 03 .. 30 2 .. 9 130 .. 87 60 50 28 20 • TORNADO 
13 0 UNL 15 .. 70 .5 24f :u II 0 UNL 15 02 66 .. 23 27 e 1,0 25 82 67 52 26 23 7 THUNDERS TOR" 
16 0 UNL 15 100 70 52 20 32 10 2 UNL 20 07 68 .. 21 28 7 130 20 9e 68 .. 23 32 8 SQUALL .. 0 UNL .. 90 68 •• 32 '32 8 3 UNL 30 00 67 •2 27 27 4 2 UNL 20 88 06 .. 27 28 5 

R~JN 
22 0 UNL .. 84 66 •• 37 36 • 5 UNL 30 83 63 .. 31 00 0 I UNL 20 8. 64 50 30 02 7 •• RAIN SHONE RS 

DAY 07 DAY oe OAY 09 ,. FREEZING RAIN 
01 7 100 20 80 6• •• 42 00 0 0 UNL 15 76 57 40 27 00 0 UNL 30 81 63 .. 35 03 . L DRIZZLE 
04 3 UNL .. 76 •• 56 50 30 3 0 UHL 15 74 •• 38 27 06 . 0 UNL 30 72 62 •• 57 00 0 lL FREEZING DRIZZLE 
07 0 UNL 80 .. ., •5 14 • 0 UNL .. 81 61 .. 28 00 0 2 UNL 10 77 63 •• .. 16 4 s SNOW 
10 0 UNL 7 80 68 •• 32 11 3 0 U1'L 7 80 •• ,o 26 26 4 7 UNL 10 87 67 56 3~ 1e • SP SNOW PELLE TS, 
13 3 UNL 10 oo •• 52 21 32 • 0 UNL .. 08 08 .. HI 34 • 7 UNL 10 •• 60 ., 24 32 12 IC ICE CRYSTALS 
16 3 UNL .. 102 •• 40 17 34 0 0 UNL •o 102 68 .. I~ :u • 8 UNL 10 08 67 .. 18 30 11 SN SNOW SHOWERS •• 0 UNL 10 80 6• 40 2~ 33 ID 0 UHL 20 02 66 .. 23 36 6 2 UNL .. 06 64 .. 28 31 4 

SG SNOW OffAINS 
22 0 UNL 30 8• •• 30 20 36 • 0 UNL 30 80 •• 04 .. , 3 .. • 0 UNL •• 83 63 .. 3i 09 4 

IP ICE PELLETS 

DAY JO DAY 11 QAY 12 A HAIL 

01 0 UNL 30 80 03 .. 38 08 • 8 UNL .. 81 06 57 4 .. 30 7 7 250 30 83 61 .. r FOG 
04 0 UNL 30 ,. 60 00 .. 2 13 3 10 UNI. .. 8. 64 .. 37 ,2 6 3 UNL 30 SI 61 47 30 3 7 1f It£ FOO 
07 0 UNL 8 10 63 03 42 12 • JO 130 10 81 •• .4 39 08 • 10 250 ,. 82 62 .. 31 03 6 OF GROUND FOG 
10 0 UNL 10 80 68 •• 32 00 D 10 200 10 89 68 •• 32 29 4 Iii 250 .. 87 .. ., 31 33 11 BO BLOWINO OUST 
13 0 UNL 8 OS 71 ., 26 31 6 JO UHL 10 86 70 •• 25 31 10 e 250 15 92 68 ., 27 32 ID •• BLOWING SAND 
16 41 UNL 10 103 71 .. 18 31 II 10 2'S-0 .. 100 13 .. 26 31 II 9 :ao 20 01 •• .. 23 30 7 BS BL ON I NG SHON .. Iii UNL 10 ., 69 57 32 33 6 10 2SO 20 94 71 •• 31 .. 10 J UNL .. 86 60 52 31 29 JO BT BLOWING SPRAY' 
22 7 UNL 10 84 67 .6 38 34 10 10 2SO 20 08 69 •8 36 J6 7 0 UNL 30 76 61 •o •D 33 8 • SNOKE 

DAY 13 DAY 1"" DAY J~ " H~U 
01 0 UNL 30 60 .. .. 53 36 0 UNL 20 .. .. •• 70 3"" 7 0 UNL 30 7• 03 .. ,;.4 DD 0 OUST 

04 0 UNL 30 6. 57 .. 61 36 4 D UNL 20 62 58 •• 78 30 • 0 UNL ,o 70 62 .7 64 DO 
07 3 UHL 30 67 •• ., 61 34 II 0 UHL 10 67 61 57 70 S7 3 0 UNL 8 •• 62 ., 66 00 

MINO ,o 0 UNI. .. ,. 63 .4 .117 01 • 0 UNI. 10 ,. 64 57 5• 29 • 0 UNI,. 10 78 65 57 .. 26 4 
13 0 UNL 15 81 64 .. 38 25 • 0 UNL 10 82 06 57 ""3 30 10 0 UNL 10 8• 67 ., 39 30 • 0 I REC fl DNS ARE THOSE FROPI 10 o urn .. 86 6. 02 31 33 II 0 UNL II 80 68 57 37 31 12 0 UNL 10 80 68 •• 33 33 7 
,o 0 UNL 2• 78 62 •o 38 31 4 0 UNL 15 80 65 •6 4• 30 • 0 UNL 10 8• 67 ., •O 35 • WHICH THE NiNO BLOWS. INDI-

2• 0 uttL 20 71 61 54 55 3• 6 0 UNL 30 77 64 .6 48 08 0 UNL 20 78 65 •• 45 .DB 4 CATED IN ffNS OF DEGREES 
FROPI TRUE NORTH, I.E •• 09 

DAY 16 DAY 17 DAY 18 FOR EAST. lB FOR SOUTH. 27 
01 0 UNL 20 72 62 •• 57 30 5 3 UNL .. ,. 62 .4 .. 20 4 3 UNI. 30 77 61 50 39 2"' 3 FDR MEST. ENTRY Of 00 lN 
o• D UNL 20 66 BO 56 70 29 • e 250 15 •• 62 .8 68 34 2 7 120 30 75 03 •• 50 12 • TH£ DIRECTION COLUPIN INDI-
07 0 UNL 10 70 62 57 64 20 • 10 120 .. 74 64 •• 58 16 3 7 250 10 70 6• ., 52 13 7 CATES CALPI. 
10 0 UNL 10 78 6. 57 .. 26 4 10 250 15 82 66 •• • 1 23 • 8 UNL .. 84 •• .4 36 22 6 
13 0 UNL 10 66 69 50 40 23 3 g 250 .. 00 60 .8 3• 36 7 Q UNL 10 03 71 •• 32 31i 8 SP£EO IS UPRESS£D IN KNOTS, ,. 2 UNL 10 92 68 .3 27 02 0 10 250 10 ., 69 •• 31 32 12 10 250 10 08 70 .5 2"' 33 12 "ULTIPLT BT l.tS TD CONVERT ,. e ao 10 83 87 57 • I 30 • 8 250 15 86 60 •• 40 31 6 6 250 .. 00 07 .. 27 02 7 .. 7 250 15 80 66 57 45 OD 0 8 UNL 15 80 60 .8 47 33 7 3 UNL 15 83 63 .. 30 3,4 7 TO HILES P£R HOUR-

DAY JS DAY 20 DAY 21 
01 0 UNL 30 78 60 47 3"" 34 0 UNL 30 70 61 54 57 30 0 UNI. 20 67 •8 .. 59 3& • o• 0 UflL 30 75 60 .. ""0 DO 0 UNL 30 68 60 5S 63 3"" 0 UNL 20 66 58 52 &1 oa • 
07 0 UNL 30 77 . , .. 37 13 4 0 UNL 4 • 10 •• ., 'S-1 00 Q UNL 20 10 60 53 'S,V, 32 • 10 0 UNL 30 8. 64 •• 29 3J • D UNL 4S 76 02 ,2 '43 32 0 UN'L 10 76 64 S6 50 2'4 3 
13 0 UHL 20 02 67 52 26 35 8 0 UNL 20 8S 67 •• 37 28 0 UNL .. 82 00 ., ""3 31i' 5 
16 0 UHL 20 O• •• 04 26 34 12 0 UNL 20 80 68 •• 33 31 0 UNL ,. 87 68 57 36 33 • ,. 1 UNL •o •• •• •• 33 313, • S UN\.. ,o Bl 66 ., .. 33 0 UNL 20 80 01 •• 4lil 33 7 
22 J UNL 30 78 62 •o 38 , .. • 1 UNL 30 72 ., 54 53 3• 0 UNL 30 77 85 57 so oe 4 

DAY 22 •• DAY 23 DAY 24 
01 0 UNL 30 7l 63 64 00 0 UNL 20 ,. •• so 13,8 OB 4 D UNL 20 71 63 • 8 6,4 32 • 04 0 Ul'IL 30 63 •• 56 78 32 2 UNL 10 70 63 58 66 DO 0 8 UNL 20 66 01 ., 73 38 6 
07 0 UNL .. 67 60 06 68 16 7 UNL 10 66 61 56 615 33 4 JO 250 15 70 62 56 61 16 6 
10 0 UNL .. 75 64 57 5• 25 9 250 7 78 66 •• 50 28 3 10 250 .. 78 6< •• •5 20 7 
13 0 UNL .. 83 61 >8 1'3 31 e 120 7 •• 60 ,o 40 27 6 10 UiO 15 84 60 •• 37 30 8 
16 D UNL .. 86 •• •• ""0 26 3 UNL 15 88 60 •• 38 31 0 10 200 .. 87 08 •• 37 2• 7 
,o 0 UNL 15 82 67 •• 46 >6 i ,150 15 80 68 60 47 31 • 10 200 .. 81 68 00 40 00 0 
22 0 UHL 20 78 66 08 so 00 0 UN~ 20 80 67 •• 49 07 • 8 200 .. 76 •• .6 50 00 0 

DAY 2!- DAY 25 DAY ;n 
01 D UNL 30 74 63 •• 52 Olil 4 0 UNL 20 72 02 •• 55 30 • 0 UNL 20 . 74 61 •2 40 00 D 
04 0 UNL 30 71 ., >4 55 09 3 0 UNI. 30 00 •o 54 65 DO 0 0 UNL 20 71 •• ID 40 10 • 
07 0 Uf'IL 15 ,. 63 •• 50 OD 0 0 UNL 30 73 62 •• 53 07 4 0 UNI. 30 70 63 .. 39 09 • 
10 0 UNL 10 02 •• .7 43 39 • 0 UNL 30 8• 63 .. 3• 31 10 0 UNL 30 86 06 54 ;33 31 3 
13 0 Uf'IL .. 68 60 ., 30 31 10 0 UNI- 30 87 67 •• 32 2B 8 0 UNL 20 00 08 50 32 30 8 ,. 3 UNL 20 

., 66 50 as 28 8 0 UNL 30 80 68 .. 2B 30 • 0 UNL 20 •• 60 01 31 32 1 ,. I UNL 20 8. 65 .. 32 33 6 0 UNI- 30 80 64 .4 • J 2lil • 0 UNL 20 87 •• ., 36 2"" 4 
22 0 UNL 20 78 83 .. 40 02 • 0 UNL 30 78 62 52 43 08 0 UNL 15 82 67 •• 4• 12 4 

DAY 28 DAY 29 DAY 30 
01 0 UNL 30 78 64 •• 45 00 0 UNI. 30 75 •• 61 62 3 .. 7 5 UNL 30 72 63 .8 62 3"" 8 
04 D UHL 30 73 64 oo 59 00 1 UNL 30 70 84 61 73 33 7 2 UNL 20 66 62 •o 78 30 8 
07 0 UNL •o 77 6. 57 50 JI 10 •o 20 72 63 ., 59 35 • D UNL 20 70 63 • 8 66 35 • 
10 Q UNL 20 80 67 •• 36 '3.1 II 10 50 30 82 .. •6 • l 2"" 10 2 IJN\. 20 10 •• 08 5"' ae 0 
13 D UNL 20 80 •• •• 32 31 • 0 UNL 20 8. oe •• 41 31 12 0 UNL 15 62 07 .8 • .. 2 .. 4 
16 '4 UNL 30 03 69 oo 29 32 8 0 UNL 20 87 60 50 39 27 6 0 UNL .. 84 68 •o "'3 28 8 
10 8 UHL 30 83 68 60 .. ,. • 0 UNL 30 81 65 •• 39 34 4 0 UNL 20 77 66 •o 5 .. 32 • 2, D UN\. 30 80 61 50 .. 36 8 0 UNL 30 73 64 •• 62 36 • 0 UHL 30 10 •• •o 56 O• 7 

DAY 31 
01 0 UNL 15 71 64 •o 66 00 0 

o• 0 UNl. .. •• 61 •• 79 34 • 07 0 UNL 10 68 62 •• 73 12 7 
10 0 UNL 8 78 66 •• 52 22 4 
13 0 UNL 10 8. 68 .8 40 03 • 
16 0 UN\. 10 88 •• •8 36 30 10 STATION YEAR & "ONTH ,. 0 UNL 10 81 67 58 •6 30 • 
22 0 UNL 10 77 64 .6 •8 00 0 BAl(EASF JELD CAL IFBANIA 70 08 
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BAKERSFIELD, CALIFORNIA 

NATIONAL WEATHER SERVICE OFC 

KFRN COUNTY AIR TERMINAL 

Local Climatological Data 
110NTHLY SUl111ARY 
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, .. ...!i,L, -~ .. 0 . .. 0 

2 3 • s 6 7R 78 8 9 ID II 12 I 3 1, IS 16 17 18 19 20 21 

92 67 ea 1 S7 a 15 0 0 0 29.29 32 2.9 4.9 12 30 0 0 
90 65 78 -1 61 0 13 0 0 tJ 29.38 31 I.I 4.9 12 29 0 0 
90 68 79 0 60 0 ,. 0 0 J 29.38 31 3.3 5.3 10 32 0 0 
89 66 78 -I 60 0 13 0 0 0 29-33 31 4.2 5.B 10 34 0 0 
92 69 81 2 S8 0 16 0 0 0 29.31 33 1.0 5.9 12 32 0 0 
98 7C 83 4 58 0 ,. 0 0 a 2&.38 25 1,1 ... 8 12 32 0 0 

105 71 •• 9 59 0 23 8 0 0 0 28,29 33 2. 7 ... 10 32 0 0 
92 72 82 4 59 0 17 0 0 0 29,35, 29 3.2 6.2 14 31 0 0 
90 71 Bl 3 59 0 16 0 0 0 29.32 30 1.5 4.3 10 31 0 0 
9. 73 •• 6 59 0 19 0 0 0 29.26 29 ... 3.5 12 26 0 0 

10• 72 ea 10 60 0 23 0 0 0 29,21 31 1,8 6.2 13 28 0 0 
107:Z 75 91 13 59 0 26 0 0 0 28.2• 33 1.9 6.2 13 31 I 0 
105 79 92 ,. 56 0 n 0 0 0 29,27 29 1.9 6.6 1• 29 2 2 
10• 1• 89 12 51 0 2• 0 0 0 211,33 01 .5 ... 3 12 29 0 0 
106 77 92• 15 49 0 27 0 0 0 28.34 33 2.5 7. l 13 32 0 0 
104 75 90 13 53 0 25 0 0 0 211,36 34 1.6 5.0 12 32 0 0 
105 76 91 ,. •9 0 26 0 0 0 29.38 01 3.1 5.8 9 o• 0 0 
95 62 79 3 46 0 14 0 0 0 29.46 32 .5 •• 6 10 31 1 1 
92 65 79 3 50 0 1• 0 0 D 29.43 23 1 •• 5.2 10 26 • 2 
92 65 79 3 51 0 ,. 0 0 0 29,33 18 .9 •.3 9 2• 0 0 
98 65 82 6 52 0 17 0 0 0 ~9.31 36 .. 5.3 12 31 0 0 

101 67 8• • 50 0 19 0 0 0 29,38 36 •. 3 6.3 ,. 34 0 0 
101 65 83 e 52 0 18 0 0 0 29.311 30 LS 3.3 12 3~ 0 0 
96 66 81 6 56 0 16 3 0 .21 0 29.38 36 •.& e.2 17 36 e • 
83 60 72 -2 55 0 7 0 0 0 28,§.6 33 3.0 6.0 12 36 0 0 

e• 59• 72• -2 5S 0 7 0 0 D 28,SO 30 1.2 6.2 10 03 6 4 
87 63 75 1 58 0 10 8 0 0 o 2a.•u 31 1. 7 4.B • 32 10 7 
91 62 77 • 5S 0 12 • 0 0 D 29,•3 03 .8 3.2 9 02 3 3 
89 67 78 • . , 0 13 3 0 .02 0 29.Sl 36 2.3 7.9 15 06 • 7 
83 67 7S 2 •2 0 10 3 e 0 . 12 0 29,17 12 .2 •. 6 , . 30 9 e 
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0 29.37 75 63 55 52 3. 7 03 2.0 
0 29.37 71 61 55 58 3.0 09 1.6 
1 29.'tl 73 6a 55 55 4.3 13 3. 7 
1 29.41 84 66 56 •O 5.• 24 3.0 
2 29.36 92 69 56 31 e.• 31 7 .2 

• 29.32 9. 69 55 28 9.1 30 7.8 
I 29.33 8• 67 56 40 •. 7 36 2.9 
1 29.37 BO 65 56 ... 4.• na 2.n 
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TEl'IPERAfURE 

-• TIii• ; i::- ~ .. 
G 

i.! . r • I!: 

OA'r Ul 
01 0 UNL .. 7• 6• •• o• 0 UNL 2C 70 62 ., 
07 D UNL 73 63 <7 
10 0 UNL 83 60 09 
13 0 Uf'IL 90 60 •• 
16 

0 '"" 
1 •• •• •• 

10 0 UNL 20 •• 67 07 
22 0 UNL 30 BO •• •• 

DAY O• 
01 0 UNL 30 73 60 01 
01 0 UNL 30 68 63 60 
07 0 UNL 30 72 60 01 
10 0 UNL 30 79 ., 60 
13 0 UNL 30 •• 68 •• .. 0 UML 20 BB 60 09 
10 0 UHL 30 02 60 01 
22 0 UNL 20 OD 60 61 

DAY 07 
01 D UNL .. 79 •• •• 
O• 0 UNL ,. 70 60 •• 07 0 UNL 10 77 60 ., 
10 0 UNL 7 90 •• •• 
13 0 UNL 7 98 1• 02 
16 0 UHL 10 10• 73 •• 
10 0 UNL ,. ., 71 63 
22 0 UNL .. 87 •• •• 

DAY 10 
01 0 UNL 30 77 60 •• 
O• 0 UNL 30 7• 66 61 
07 D UNL 20 ,. 6• •• 
10 D UNL 10 •• 69 60 
13 D UNL lO 93 71 60 
16 0 UNL .. 93 70 ., 
10 0 UNL .. •• 09 •• 
22 0 UNL ,. 01 60 01 

DAY 13 
Ol 0 UNL ·• 02 66 •• 
O• 3 UNL . 10 81 67 •• 
07 7 100 7 03 67 ., 
10 2 UNL 7 9• 71 09 
13 0 UNL 7 10• 72 .. 
16 1 UNL • 104 71 •2 
19 0 UNL 10 91 67 03 
22 0 UNL 10 03 66 .. 

ORY 16 
01 0 UNL 1S 82 03 01 
01 D UNL .. 70 61 OD 
07 0 UNL 15 OD 62 OD 
10 0 UNL 10 92 06 •o 
l3 0 UNL 10 90 72 •• 
10 0 UNl. 10 101 72 03 
19 0 UNl. 20 09 •• •• 
22 D UNL 20 03 67 •• 

DAY 19 
01 0 UNL 20 67 •• .. 
O• D UNL 20 •• •• •o 
07 0 UNL 7 70 .. .. 
10 D UNL 1 82 63 OD 
13 8 UNL 10 09 66 .. 
16 10 UNL 15 91 07 03 
19 0 UNL 15 03 61 02 
22 0 UNL 15 70 01 •o 

DAY 22 
01 D UNL 15 77 02 02 
O• 0 UNL 15 71 60 ., 
07 0 UNL 73 60 ., 
10 0 UNL 7 07 •• 03 
13 0 UNL 10 99 60 ... 
16 0 UNL .. 100 •• 16 
19 0 Uhl 30 •• 60 OD 
22 0 UNL 30 •• 6• •o 

QA'I' 2S 
01 D UfrtL 15 .. 09 •• 
O• 0 UNL 15 61 06 03 
07 0 UNL 10 •• 09 •• 
10 0 UNL 15 ,. 03 •• 
13 0 UNL ,. 81 60 .. 
16 0 UN\.. .. . , •• •• 
19 0 UNL 20 72 62 •• 
22 0 UNL 20 70 61 •• 

OAT 28 
01 0 UNI. 10 70 02 06 
04 0 UNL ,. 67 60 •• 
07 2 UNL • <H .. •• .. 
10 1 UNI. 10 63 01 
13 3 UNL 1 •• 01 .. ,. S UNL • 90 07 03 
19 3 UNL 10 03 60 .. 
22 • 1•0 10 78 60 09 

u.s. DEPARTMENT OF COMMERCE 
NATIONAL CLIMATIC CENTER 
FEDERAL BUILDING 
ASHEVILLE. N.C. 2B8O1 
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M 00 
57 16 
.... 27 
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66 32 
76 33 
68 11 
52 35, 
39 28 
38 :!S 
.. 31 
52 OD 
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20 29 
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S6 JO 
• 3 2'i 
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38 36 
Sl 00 
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18 31 
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32 36 
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D 0 UNL .. 
• 0 UNL ,. 
1 0 UNL 10 

• 0 UNL 10 
6 0 UNL 12 . 0 IJNL 12 
D 0 UNL 12 

0 UNL 30 . 0 UNL ,o 
1 1 UNL 10 

• D UNL 1 
12 D Ul'tl 

• 0 UNL 10 
3 0 UNL .. 

0 UNL 20 

0 UNL 20 
0 UNL 20 
0 UNL 20 
0 UNL .. 

7 0 UNL .. 
10 0 UNL ,. 

4 0 UNL 20 
0 0 UNL 30 

0 l!NL 10 
0 UNL 15 
0 UNl • 0 UNL 7 
0 UNL 7 
0 UNL 10 

3 0 l!NL 15 

• 0 UNL .. 
4 0 UNL 30 
D 0 UNL 30 
4 0 UNL 20 

• 0 UNL 20 
0 UNL 20 

1' 2 UNL 20 
9 0 UNL 30 

0 UNL 30 

10 0 UNL 10 
6 0 UNL 10 

• 0 UNL .. 
• 6 UNL ,o . JO 250 10 
7 10 \JNL ,o 
4 5 UNL ,o 
0 0 UNL 20 

3 UNL ID 
3 UNL ,o 

4 10 40 10 
D 9 90 ID 

• 4 UNL .. 
• 10 70 ,o 
D 9 100 10 
4 10 100 ID 

3-HOUR 

• 
DAY 02 

7S 68 60 7J 36 6 0 LINL 20 
66 61 •• 76 30 • 0 UNL 20 
71 6• 60 68 16 • 0 UNL 20 
70 60 62 se 11 3 0 UNL 20 
06 60 60 .. 2 19 • Q UNL 20 
90 70 60 37 30 • 0 UNL 30 
B• •• 01 •O 33 3 0 UNL 30 
BO 67 •• 49 06 1 0 UNl 30 

DAY OS 
72 03 ., 59 33 • 0 UNL 30 
71 63 .. 64 12 1 0 UNL ,20 
72 01 09 6"1 JS 1 0 UNL 1 
81 ., oo 17 16 • 0 UNL 10 
BO 69 ., 3• l2 10 0 UNL 10 ., 60 •• 30 31 • 0 LINL ,. 
•• •• •• 41 00 D 0 UNL 1S 
00 .. ., 4S 10 0 UNL 20 

DAY 08 ,. 66 OD 60 31 . 0 UNL 20 ,. •• OD 62 12 • 0 UNL 20 ,. •• •• 15>8 17 , 1 UNL 20 

•• 6'' •• 37 31 12 0 UNL 20 

•• 09 .. 36 32 9 0 UNL 20 
92 70 •• 32 22 • 1 UNL 20 
06 70 61 13 26 0 UNL 30 
02 60 01 .. 9 00 0 UNL 30 

DAY 11 
77 60 ., so 09 0 UNL .. ,. •• 07 S4 00 0 UNL .. 
77 60 •• S2 14 4 2 UNL 10 

•• 71 02 42 2 .. • 1 UNL • •• ,. 02 31 32 9 0 UNL • 102 ,. 61 26 26 11 1 UNL • 89 72 03 • 2 36 . 1 UNL • BB 70 60 39 o"' • 0 UNL 

DAY 1"'1 
BO 63 02 38 00 0 UNL .. 
77 60 03 '43 12 0 UNL 20 
77 03 04 15 11 . 0 UNL .. 
90 ., 01 29 00 0 0 Ufrtl 12 

103 60 .. 13 30 • 0 UNL 10 
102 09 •7 16 29 0 UNL ,o 

90 66 OD 2S 06 0 UNL .. 
04 6. 02 33 09 0 UNL 10 

DAY 17 
79 •• 06 45 00 0 UNL 30 
78 63 .. 14 09 0 UNL ,o ., 6 • 03 38 10 • 2 UNL 20 
94 68 03 25 24 • 2 UNL 7 

100 70 .. 19 34 • 0 UNL 15 
100 69 .. 13 36 6 0 UNL 20 
92 61 36 l • Q• • 0 UNL 30 
02 60 •2 21 32 0 UNL 30 

DA'I' 20 ,. 61 01 10 OD 0 UNL 15 
68 •• •o 53 09 0 UNL 10 

•• .. •o 01 14 0 Ul'il 
79 62 .. 38 18 0 UNL 
90 67 •• 27 31 0 UNL 
9> 66 so 25 25 0 UNL 7 .. 66 .. 36 00 0 UNL IS 
78 02 OD 38 00 0 UNL 10 

CAY 23 ,. 60 OD 42 00 D 0 UNL 30 1• 60 •o 43 OD D 0 UNL 30 ,, 09 19 .. 3 13 3, 0 UNL 20 
82 63 .. 3'4 20 2 UNL 20 
98 69 03 22 31 8 100 20 

101 71 03 20 29 4 10 70 20 

•• •• 03 33 31 • 70 20 
79 6• •• 44 00 l UNL 10 

DAY 26 
63 .. .. 73 26 . 0 UNL 20 
01 06 03 75 00 D 0 UNL 20 
61 ., •• ., 14 6 10 UNL 
73 63 06 51j 21 10 UNL 
BO 60 •• 42 30 10 UNL ., 66 •• ~o 29 10 UNL 1 ,. 60 06 52 DI 10 \JNL • 73 03 06 55 05 7 UNL 10 

DAY 29 1• 63 .. 5 • 35 . 7 100 10 
67 OD 06 68 J• 4 4 UNL 10 

"" 71 02 ., 61 19 3 Q 120 
83 60 03 36 06 9 120 ID .. .. .. 25 32 12 10 90 10 

TOW •• 67 .. 37 30 6 9 90 10 1• 68 64 71 10 • 8 120 30 
72 67 64 76 28 • 5 l'Nl 20 

STAT ION 

BAl(.(RSF JHO CAL IFOlmJA 

RN EQUAL OPPORTUNITY f"PLOYER 
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11[11111'1(1 ~ ; .. 
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i~ ~ • 
ORY 03 

76 60 •• 5,• 00 0 
68 63 60 76 3• 6 
71 60 61 71 13 • 
OD 60 61 52 2"1 6 
87 69 •• 39 31 9 
90 70 60 37 32 • 
81 •• 09 •3 36 . 
79 01 60 52 00 0 

DAY 06 
77 6• •• •8 06 6 
71 61 •• 57 00 0 
70 •• •• !', .. 16 • •• 60 •• <91 20 • 
9• 72 BO 32 2• 1 
90 71 •• 28 32 ID 
09 71 61 39 OU 0 
02 67 •• 1 • OD 0 

DAY 09 
70 ., 60 51 OD 0 
71 .. 09 66 DO 0 
72 60 00 &f> 16 3 
BO 06 ., .. 27 • •• 70 60 39 38 • 90 70 •o 35 31 • •• 69 60 12 19 • 
82 01 •• •• 00 3 

DAY 12 
81 •• 60 10 00 2 
77 06 60 S6 08 6 
79 66 •• "19 OD • 
9• 71 •• 30 2'i • 

103 ,. 61 25 29 0 
100 ,. •• 21 32 • 
90 71 02 39 33 • •• 07 06 37 12 • 

DRY .. 
10 61 ... 36 JO 
76 60 •1 3 .. 10 
02 .. .. 27 08 
93 67 OD 23 23 

102 70 00 17 31 10 
100 71 OD 16 33 JO 

•• 63 .. 23 36 • 
03 .. 02 31 26 6 

DAY 18 
70 ., 40 27 11 • 
63 •o 36 37 00 D 
72 oo 50 •011 • ,. •• 06 .. 2• 3 
92 67 01 25 31 • 90 61 •2 16 27 • •• .. OD 31 00 0 
77 09 .. 32 07 • 

QA'I' 21 
71 09 00 •8 DO 0 
70 •• 00 1g 08 1 
71 .9 .. •6 DD 0 .. •• 02 32 17 • 
9• 69 .. 26 30 • 97 71 ., 26 30 9 

•• 60 03 33 OB • 
OD 61 03 39 JO 6 

CAY 24 ,. 02 OD 36 36 
72 09 so •0 DO 
74 62 03 •8 09 7 .. •• •• 33 21 1 
92 69 ., 31 10 6 
09 70 •• 36 31j 11 
79 72 06 69 36 11 
69 61 •• 61 36 12 

QAY 27 
01 60 06 68 02 
60 60 .. 73 00 

•• oo •• 70 00 ,. .. ., S4 17 
<H 03 67 ., 11 30 7 

•• 60 07 37 33 • 78 03 .. •• 02 • 
1• 63 •• 52 20 • 

DA'I' 30 
71 67 •• 81 00 0 
60 .. 02 81 OD 0 
71 60 02 73 l"" . 
79 07 60 52 2• 3 .. 60 .. 51 32 9 
OD 67 •• •B a;, 6 
76 60 61 60 I• • ,. 67 03 06 10 • 

09 
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u.s. DEPMlfllENT OF COIIIIUCE 

COM-210 

7 

NOTES 

CEILING 
UNL IIIIOIC• IU -lllllfD 

WEATHER 

TOR,.AOO 
r THUNDERS TORPI 
D SQUALL 

• RAI,. 

•• RA I,. SttOWERS ,. FREEllNO RAIN 
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lL FREE l I NG OR I ZlLE 
s SNON 
SP SNON PELLETS 
IC ICE CRYSTALS 

•• SNOW SHONERS 

50 SNON GRAINS 
!P ICE f'EllE 15 

• HAIL 

' FOO ,, ICE FOG 

OF GROUND FOG 
60 B\..OMlNG OUST 

•• BLOWING SAND 
85 8L ON I NO SNON ., BLOWING SPRAT 

• SNQ,i;f 
H HAZE 
D OUST 

WINO 

D\REC110NS JUIE tHQ~E FROn 
NH(CH THE NINO BLOWS, (NOi • 
CATEO IN TENS OF DEGREES 
FRO" TRUE NORTH1 J.E •• 09 
FOR EAST. 18 FOR SOUTH, 27 
FOR WEST. ENHH' Of 00 lN 
THE DIRECTION COLUPIN INDI-
CR TES CRUt. 

SPEfO IS 0:PRl:.SSED !N l'INOTS1 
11ULffPLT BY 1,15 TO CONVERT 
TO "ILE5 PER HOUR • 

00 
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F I" ,, .. .. ,,,.,,. . ..... . .... .. 0 "It£ 

d !~ •• J Nt•" ,,o lct: .,_ , .. 0 r 
~ JIMUIIDIH10IIII 

CiltOUIID IO~H••• '" - .. ~ ! ~~ wi 
-~ • IC! l't:ll[I!, ., ! z . 

C i ~ w• illAIL [L[f. 

ii I ~: ~ 91 ii - z LUlf l"f.LL(I! < w 
w i ,~ !: =• -, I GC.llllt: 01AM ..a2 

~ ! g;; 1 ou1r1rani ,. ... ,,,., " .. '.! g i ;; ~ ~i r~ C : I!: ul IIIIOll[ .... lt: ... ,.,l,L, '.! C 0 C IILOIIIIIOlldl 

I 2 l • 5 6 7R 78 e g 10 II I 2 I l 14 15 16 17 18 19 
I 92 65 79 7 se 0 14 D D 0 2lil, • J 36 1.9 s.e 12 31 
2 93Z 64 79 7 57 D 14 D D a 2s.+t 35 6.8 7 .9 12 33 
3 ee 68 78 6 se D 13 e 0 0 0 21i1,50 oe .e 4.3 a 30 
4 92 65 79 e 59 0 14 e D D 0 2liil.Sl 36 2.e s.e 9 33 
5 90 6R 7QZ e ss D 14 e D 0 0 29.57 27 . 7 4.8 8 32 
6 ee 67 78 7 54 D 13 e 0 D a 2lil.48 16 .9 4.0 ID 27 
7 es 65 75 • 53 D 10 D D 0 21ii1 ... 3 33 3. I ... 15 33 

• 78 59 69 -I 54 D 4 D D D 29,"'5 34 4.2 ... 10 34 
9 83 •• 69 0 53 0 4 • 0 0 a 2&.1& DI 2.9 4.6 10 34 

10 84 63 74 • ., 0 9 e 0 0 0 28.SS 28 1.2 2.5 J 25 
II es 63 74 • 54 0 • e 0 0 a aliil.'48 02 .6 4.6 32 
12 84 61 73 • 54 0 • • 0 0 a 20.42 02 1.5 5.0 • 33 
13 83 64 74 6 54 0 9 • 0 0 0 29.36 32 .9 4.8 10 35 
14 84 66 75 7 57 0 10 0 0 0 29.+4 34 4.6 7.1 12 36 
15 82 65 74 7 57 0 9 0 D 0 29.53 01 2,6 1.2 12 33 
16 82 66 71 7 58 0 9 • D 0 0 29.S• 28 2. 7 1.6 a 28 
17 82 64 73 6 56 0 e • 0 0 0 29.45 34 2.2 1.6 9 35 
18 83 Bl 72 & 50 0 7 e 0 0 D 29.41 04 2.s 4.3 • 34 
19 81 67 74 e SI 0 9 0 0 0 29.36 33 3.8 7.5 20 28 
20 74 57 66 I 52 D I 0 .20 0 29.34 34 Q.3 10.; 17 34 
21 73 50 62 -3 50 3 0 0 D a aa.s1 35 3.4 ... a 02 
22 78 51 65 0 19 0 0 D 0 C 29.56 32 .3 3.9 • 24 
23 Bl 54 60 4 48 D 3 e 0 0 0 2Sl."47 OB 1.6 5.9 • 36 
24 •• 55 70 6 46 0 • • 0 0 0 29.38 02 2. 7 5.9 10 33 
25 84 57 71 7 50 0 6 I D .oe 0 29.42 02 1.5 6.5 15 35 
26 71 60 66 3 57 D I I • 0 0 0 29.59 33 3.6 7 .6 15 30 
27 75 •• 67 4 55 0 2 • 0 D a 2s.ao 27 2,3 2.9 e 26 
28 74 54 64 I so I 0 0 0 a 2e.s& 34 5.4 5,6 IS 30 
28 68 12' 55% -7 39 ID 0 D D 0 29.57 18 1.0 4.0 10 22 
30 72 48 60 -2 37 • 0 0 0 0 29.57 18 3.6 4,3 7 08 
31 74 ~a 60 I 43 3 a n n 0 29, • 7 05 2., •.2 1n ,n 

••• ••• TOTAL TOTAL TOTAL TOTA F , TH[ flONTH1 TOTAL • 

511.T COVEi 
f(lillltS 

!? !? 

~~ ~;: ~! 
~~ ii' 

20 21 
I D 
2 3 
9 7 
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AYO. AYO, AYO, O[P. AVO, .... D£,. PRECIPITATION 0£,. ·IDAU' 1 lCII , .. , -·· A'fC, AVO, 

AJ • Slil, 1 7n,A 3. 7 ., -3 91 ;,O INCH 2 n,n, ·I -- 4. 7 • 
ASDN TO DAH' SNON. IC[ PELLE rs 

• It Df DAU TOTAL 
.... NllJI T(,.,, fl N flu" TJffl', ,, 

; qn • C J7 • C J2 • C 0 • .... 
4 I 0 I D a -33 

• UH(ltf FOIi hi( ftQNfH - LAST OCCURRENCE IF 
nOIIE THIIN ONE. 

f 111:ACE MOUNf 
• AUD ON AN EAIIL IU DAT(. 011 DATU. 
Hf.An ,001 • VISIIILITY 11' nlLE 011 uss. 
FIOUll£S FOIi WIND D111£CflONS ME TOS OF OE~ 
OflUS CLOClll:tHS[ fft(Jff rl/Jf ,-(JffTH. 00 • Ctft.1'. 
OAJA IN COLS. 8 AND 12· 15 Alt( IASED ON 7 011 

TOTA ; t.D INCH a DR[ATEST • 4 HOURS AND DATU GREATEST DEPTH ON Glll'DUlfD OF SIIOM, 
'70Q THUNN'R!ifnR"S n l'lltCIPIHU IAN I C!.NftW, ICE PELL£'5 I I""[ PELLETS OR IC£ AND DAT£ .... HfAU FDn .>n >n n n ... CL •• 4 PUT J CLOUDY e C """' Q 

SUMMARY BY HOURS 
nOWE OISEIVATIONS PU DAT AT 3~NOUII INTEltVALS. 
FASTEST "IL£ NINO SPEEDS AIIE fJIST£ST OISER'fED 
ONE·"INUTE 'fALUU NHElf DlltCCTIONS ARE IN TENS 
OF DECIIEES. fHE I MITH THE DIRECTION INDICATES 
PEAK OUST SPEED. 

A V [ II A G [ S •uuL TAIIT 
___!!,I~ 

ANT EftR0ftS D(TECTtO NILL BE COIIIRECTED AlrtD 
CHRJfGES UI su,rMR, ~TR NILL 8[ Rf!Uf01A1£0 /H 
TN£ AlrtNUAL SUflflAlll't 

,.! ,,. 
!Lt 
~ 

01 
04 
07 
10 
13 
16 
19 
22 

.. 
~ I! B! 

•• ~: ~~ 

3 2B.'49 
3 29."'8 
II, 2,1.1:,1 
S 29.52 
S 29, 47 
"'29-.+4 
4 29 .46 
3 29,48 

fEftP[RATURE 

-~ .: !" :... ., .. i~ .. I!: 

65 •• 52 
63 57 52 
63 57 52 
73 61 53 
7Q 63 53 
Bl 63 52 
73 61 52 
68 59 53 

.. 0 

w • w • ~ >- :; ~ CZ -o 
~E '.i!"' ~ i: '.! i! ; ;; 

64 ~- 7 04 1.9 
69 ,1. 7 02 1.5 
~9 • .9 OB 1.7 
SJ 4.8 25 2.5 
41 ... 32 4.6 
37 7.6 32 6.2 
47 5.3 01 3.5 
57 ~-3 OS J.6 

HOURLl PRECIPITATION I MATER EQUIVALENT IN INCHES I 
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0AY 01 DAY 02 DAY 03 

01 0 UNl 30 71 •• •• 73 oa 7 0 UNL 30 72 03 •• 62 36 3 UNL 10 71 01 •• 5,7 34 • 
o• 0 UNL 30 71 . , •• "" 08 • 0 UNL 20 •• 61 ., ea 34 . 7 UNL 10 71 •2 .. &U 12 • 
07 0 UNL •• 70 . , • • l!o8 D2 3 • 2'>0 .. 73 .. •• 5,3 02 • 5 UNL • <H 72 03 •• 1!,2 DO 0 NOTES 
10 0 UNL 10 •• 67 •• "6 ,o . 4 UNL 1• 11 o• •o .. 30 • ID IDD 1 10 .. •• ~0 llil 0 

13 I UNL 10 •• 68 ., 34 , .. • D UNL .. •• •• 57 3 .. 3:S 1 10 100 • •• .. •• 4:S DD 0 CEILING 
16 1 UNL .. •• 71 60 35 32 • 0 UNL •• 93 70 •• 31 32 7 Iii 21:,0 10 •• 09 •• 38 31 . ~L 1111111:a,u IM.lflllH .. 0 UNl 20 83 •• .. ,. .. • 7 UNl 10 .. 60 •• 43 02 • & 120 .. •• 07 60 51 03 • 
22 D UNL 20 76 63 •• .. 00 0 7 UNL 10 78 o• 56 .. 7 01 • 6 UNL •• 78 07 60 '!',4 12 • 

DAY 0 .. DAY D'i DAY 06 

01 D UNL •• 7] 6. •• 62 J3 3 a 25,a 10 7. 01 •• .. 28 • 6 UNL 10 72 02 .6 1:,7 DO 0 

o• 0 UNL .. •• 03 •• 71 04 . ID UNL •• 70 02 .. 81 00 0 0 UNL 10 68 61 ., .. 13 • WEATHER 
07 Q UNL • ... 71 6a ., &I )1 . 8 UNL • <H 70 62 •6 61 13 • .. L\Nl 7 70 61 •• 5,7 I" • 
10 8 UNL • <H •• 67 •8 ..., • 3 UNL 6 <H 70 6• •6 .. 22 6 '!', UNL 1 

,. 6. •• .. 2• • TOIUIAOO 

13 JO 200 1 •• 70 •• 38 02 • S UNL 6 '" 86 .. . , 37 02 • 0 UNL 7 87 01 .. 3 .. 0 .. • THUNOERSTOlttt 
16 8 .... 0 •• 70 .8 32 33 0 10 UNL 7 •• 68 •• 31 30 0 UNl 1 •• 60 02 20 20 1 

SQUALL 
llil 10 ••• .. 82 60 60 47 03 • 2 UNL 10 82 6. ., 37 02 1 UNl 10 80 63 02 30 06 

2a 10 ••o 10 OD 67 OD 51 32 • 0 UNL 10 71 6• ., lf,Q 13 0 Uhl 10 ,. 02 •• .. 00 RAIN 

•• ltA lN SHOll[RS 

DAY 07 DAY 08 DAY 09 ZR FREUING lltAIN 

01 0 UNL 1D 67 •• ., 61 DD 0 UNL 30 63 ., ., 70 29 6 0 UNL 2D 62 56 02 70 01 L ORllllf 

o• .. UNL 10 . , •• ., 61 12 1 5 UNL 30 .. • • ., 75 34 • 0 UNL ,. 61 •• 01 70 DO ZL FREUING DRlllLE 

07 0 UNL 10 60 •• 02 55, 00 0 6 .. 1 62 57 ., 73 31 6 2 UNL • '" 62 .. ., 67 .. . s SNOW 

10 0 UNL 8 ,. 62 53 "6 20 • .. UNL 8 72 61 ., 51 36 1 UNL 0 <H ,. 82 53 .... 3 SP SNOW PELLETS 

13 3 UNl 10 83 o• •• 3-41 3D • 4 UNL 8 76 63 •• ... 7 32 . U 250 7 80 6. ., 30,. . It ICE tRlSlALS 

16 0 UJrtl 12 8. •• 53 33 34 6 0 UJrtL 10 78 03 .. .. 36 • 9 UNL ,. 83 05 •• 37 32 SN SrtOM SNONERS ,. 0 UNL .. 71 62 •• "412 02 8 0 UNL ,. 71 ., •• 5,!, 03 • 7 UNL 20 ,. 82 •• SO OJ so SNON GIIAlrtS 
22 0 UNL 30 60 60 •• 51i1 31 • D UNL 20 70 ., •• 57 07 3 2 UNL 20 72 60 •• so oe . IP ICE PELLETS 

DAY ID DAY 11 DAY 12 A HAIL 

01 0 UNL •• 60 •• •• 61 OD 0 ID 250 10 72 61 •• Ill 06 • Q UNL , . 60 60 •• 'SIi 'l'l . FOO 

O• 0 UNL 20 •• •1 •• 65 00 0 e aso 10 •• •• •• 83 31 • 0 UNL ,. 03 •o •• 73 12 • If ICE FOO 

C7 .. UNL • <H 6• ., •• 85 30 3 2 UNL 1 64 •• ., 68 OS . ID 200 1 61 ., •• 711 12 • "' ORou-.D FOG 

10 7 11:,Q • '" 
,. 8> 53 .. OD D B UNL • <H ,. 6> •• 'i-0 18 . 1D 120 • <H , . 03 •• 5,2 as 3 BD BLOMINO DUST 

13 8 250 0 '" Bl 6. .. 39 27 6 0 UNL 0 '" 01 80 •o .. 2 2 .. 3 8 UNL 7 02 •• •• 38 •• . IN l!ILONINO SANO 

18 8 UNL 8• 86 •• 36 33 . 0 UNL •• 66 •• 36 32 3 UNL 8 •• •• ., , .. 33 1 BS BLONING SNOM 
18 5 UNL 7 78 03 ., .. 2 oo 0 1 UNL ,. 77 63 .. .. 00 7 UNL 10 75 6> ., .. 30 • BT 8L:0NlNG SPflAY 
22 7 UNL 10 72 62 56 57 1 .. • 0 UNL ,. 73 02 •• &3 ID 8 UNL 10 71 •• ., 53 12 • • SftOKE 

DAY 13 DAY 1-4 DAY 15 • HAZE 

01 0 UNL 10 69 60 .. 5!il 10 • 0 UNL 30 71 63 58 Ci .. 35, 1 2 UNL 30 60 6> ., 66 05 • D ous, 

•• 0 \JNL 10 06 •• 53 63 00 D 6 •• 30 71 63 58 6 .. 01 10 0 UNL •• •• 60 .. 73 03 6 

07 fil JOO 6 67 •• ., 01 13 6 5 UNL 30 66 •• •• 76 22 3 10 16 7 67 o, .. 73 DO 0 
WINO 

10 10 120 
,. 62 ., .. 23 6 0 UNL 30 78 ., 60 54 22 . 6 UNL 1 73 6• •• 62 OD 0 

13 10 120 7 80 65 •• .. 2 31 8 3 UNL 20 83 67 57 .. 1 32 6 10 UNL ID •• 08 50 .. 7 30 • 
10 9 120 8 83 •• ., 36 01 3 0 UNL 30 83 00 •• 38 31 8 9 UNL 20 82 06 ., .. 3 31 . DIRU.TIONS ARE THOSE FRON 

19 10 120 ,. ,. 
6 • •• -42 JO 0 0 UNL 30 ,, 6. .. •1 a .. S UNL 20 75 6• 

., 5-41 38 • NHICH JHE MIND 8LONS. INOI-

22 3 UNL 30 73 6 • 58 5g 33 2 UNL 30 73 03 ., &7 36 0 UNL 20 ,. .. 57 !o5 10 . CATED IN TENS OF DEOltEfS 
FROPI TRUE NORTH• I.E •• 09 

OFIY 16 DAY 17 DAV 18 FOR EAST. 11!1 FOR SOUTH. 27 

DI 1 60 20 68 61 56 ee 30 0 UNL 10 .. S9 56 75, 28 . 0 UNL 10 68 •• •• 65 JO • C-QR NEST. ENTltf OF 00 IN 

•• 8 80 10 08 61 
., 68 34 6 .. 10 68 62 58 71 21 3 0 UNL 10 6. 58 ., l!i8 DO 0 THE DIRECTION COLUNN INDJ-

07 10 •• 8 68 62 58 71 12 l •• • .. 00 ., ., 73 00 0 8 , .. o • '" 02 57 ., 73 13 • CATES CALPI. 
10 'ii UNL • '" 1• 6. •• 58 00 9 UNL • <H 76 6• 57 52 01 B UNL 6 <H 72 •• •• .. 00 0 

13 6 250 8> 07 58 .. 26 6 UNL 7 81 •• •• • l 35 10 UNL 1 81 •• 52 37 DO 0 SPEED 15 ElPRESSEO lit. t1,NGTS1 
16 1 UNL 82 66 ., "413 28 0 UNL 7 82 6• •• .. 33 10 UNL 7 83 6> .. 27 35 1 

19 8 •• ,. 66 58 .. 27 1 UNL 8 76 02 53 .. oa 10 120 10 ,. 57 .. 3 .. 02 NULflPL'f Bf .1-15 TO CONYUT 

22 D UNL 10 73 03 
., 57 OD 0 Ul'tl 10 70 61 •• Slil 12 • 80 10 1• ., •• 3 .. 36 TO ftlLES PER HOUlt. 

CAY 19 DAY 20 DAY 21 

DI 8 BO 30 70 50 28 21 03 6 10 •• 30 71 •• 52 51 05 • D UNL 30 •• •2 •• 1!!13 32 6 

0-4 10 .. 30 60 56 ... ..2 01 • 10 .. 10 6• 61 •• 81 36 10 0 UNl 30 ., .. .. uo 28 • 
07 JO 35 30 68 61 57 68 ca 7 9 .. 30 62 60 58 87 30 8 5 UNL 20 ., 51 •• ao a,. • 
10 10 .. 30 

,. 
6• 

., 55 22 6 3 UNL 30 68 •• •• 63 33 11 3 UNL 7 •• 57 ., 73 00 0 

13 • .. 20 BO oo 58 .. 7 33 13 5 UNL 30 71 60 53 1)3 3 .. ,. 0 UNL 10 70 •• .. .. 33 3 

16 • .. 20 80 66 •• .. 7 30 11 0 UNL JO 72 ., .. 3!J 3 .. 11 0 UNL 10 72 58 .. .. 3 31 7 

19 1 UNL 20 71 60 53 53 27 • 6 70 •• 63 53 .. 52 01 • 0 UNL ao 63 •• •• 63 02 7 .. 10 60 30 71 60 ., 5-3 00 0 5, UNl 30 •• •• 50 72 31 1 0 UHi. 30 
., •• 51 70 00 • 

DAY 22 DAV 23 DAY 2 .. 

01 0 UNL 30 57 ., •• 78 OIi • 0 UNL 12 60 •• •• 70 11 7 D UNL 10 63 •• .. .. .. • •• 0 UNL ,. •• ., •8 77 OD 0 0 UNL 12 •• ., •• 77 28 3 0 UNL 10 •• •• .. 70 08 • 
07 3 UNL 20 •• ., •1 75 07 6 3 UNL • '" 56 •• .. 75 07 . 0 UNL 6 <H .8 •• .. H 11 • 
10 Q UN\.. 10 •• •• .. 53 27 6 ~ UNl 7 71 .. .. .. ., • 0 UNl 6 '" 

,. .. .. 3'4 33 • 
13 10 ••o 7 76 61 •• '° 00 0 2 UNL 

,. 60 .7 3 .. 26 . D UNL 7 03 oa •1 21!1 30 • 
16 10 2,0 7 78 •• .. 31 ... 1 a 120 7 81 61 .. 29 36 • 0 UNL 1 •• ., ., 23 32 • 
19 6 250 12 70 •• •• .. 30 3 Bl 120 10 1• •• 47 38 11 D UNL 12 

,. 57 .. 34 Oft • 
22 0 UNL 12 63 56 •• 1!3 00 0 0 UNL 10 H 

., •• 5 .. 08 0 UNL •• 60 •• .. .... • 
OFIY 21:t DAY .i!6 OAY a1 

01 D UNL ,. •• •• 47 52 1a 10 7 1 ' 65 02 61 87 34 10 • .. 10 •• •• ,1 75 00 0 

o• 0 UNL ,. •• 52 .. 60 1J ID • 3 ' 63 61 •• go 3D 13 10 •• , •• 57 •• 1!17 00 0 

07 D UNL 1 •• 52 47 67 09 . 10 8 • 60 •• •• 87 2Q 9 10 •O 7 00 57 •• l!U OD 0 

10 0 UNL , 71 •• •• .. 17 6 lO 10 7 63 58 •• 7!!, 33 6 0 UNL • <H •• •• •• e,3 ao • 
13 2 UNI. 8 83 61 •• as 3J 3 ID 10 5 66 61 •• 715 08 8 I UNL • '" 1• 02 •• 50 30 • 
10 • 10 ID AW 81 01 •6 29 01 • • ,. 1 70 8> 56 61 11 3 1 UNL • <H ,. •• •• .. .. 7 

19 JO 30 10 AW 71 6> 57 6l 3• 9 5 UNL 10 67 OD 56 ee 1,. • 10 .. 10 •• ., •• 68 29 • 
22 10 • 2 AWi' 85 62 61 87 28 0 10 .. 10 67 61 ., 70 OD 0 .i! UNL 10 ., •• ., n oo o, 

DAY 28 DAV .i!Q OFIY 30 

Ol 7 •• ,. oa 57 •• 75 00 0 D UNL 30 52 •1 •2 Bi 12 . 0 UNL 30 •• .. •• &Q 115 • •• 1 UNL 1 . , •• •• 83 00 0 0 \JNL 30 •• .. 40 Bi DO 0 0 UN\.. 30 .. .. 30 61!, 20 • 
07 10 .. 60 •• ., 72 01 • 0 UNL 30 49 •• 38 66 29 3 D Uf'll 30 •o .. 37 61 JQ • 
ID ID •• 7 00 •• •• 68 32 8 0 t.lNL 30 00 •• •• .. 00 0 0 UNL 10 •• .. 37 :SI!, 11!1 • 
13 • ao 10 72 . , •• 5,3 33 • 0 UNL 30 66 52 30 37 22 • 0 UNL 10 60 •2 36 30 Jl!i 3 

10 8 25 10 73 81 53 50 3!> • 0 UNL 30 85 .. 33 30 30 1 0 UNL 20 ,. •• •• aa 0 ,. 0 UNL •• o, •• •1 .. 3• • 0 UNL 20 • 9 •• 37 44 12 3 0 UNL 20 65 ., 30 37 OD 0 

22 0 UNL 30 •• •• 12 64 33 3 0 t.lNL 30 •• .. •• 57 09 • 0 UNL 10 •• .. 30 .. 00 0 

DAY 31 
01 0 UNL 10 •• .. 38 Si 00 0 

•• 41 UNL 10 53 .. 37 55 JJ • 
07 JO .. 10 58 •• 30 .. 10 • 
10 • •• 1 68 53 .. 38 16 3 
13 2 UNL 7 73 •• .. 37 34 • ,. 2 UNL 20 73 •• •• 41 J!> • STATION TfAff & NONlH 

10 0 UNL 30 62 •• .. 60 01 • 
22 0 UNL ,. •• 53 ., 65 12 1 BAl(EASF" IELD CAL If"OANIFI 70 10 

u.s. DEPARTMENT OF COMMERCE AN EQUAL OPPORTUN I TT EPIPLOTU 
,asrADE IIND ,us HUD 

~ NATIONAL CLIMATIC CENTER u.1. D!P'lll:T"l!N' a, CDIIIIHCl 

FEDERAL BUILDING COM-210 
ASHEVILLE. N .C, 28801 

u 
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NOVEMBER 1979 

BAKERSFIELD, CALIFORNIA 

NATIONAL WEATHER SERVICE ore 

KERN COUNTY AIR TERMINAL 

Local Climatological Data 
MONTHLY SUMMARY 

LATI TUD[ 35 1 25 1N LONGITUDE 119 1 OJ 'w ELEVATION IGROUNOI ,1s n. STANDARD TINE USED: PAC IF IC MBAN 123155 

•r DEGREE DAYS WU THEA TTPES ..... AYG. sn COVER TE~PERATURE ON DATES OF IC£ PRECIPITATION STATION MINO SUNSHINE 

w 
C 
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I 
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" 15 
16 
17 
18 
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20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

BASE 65' TENTHS 
OCCURRENCE ........ PRES- FASTEST 1;: i""' !FOi .. 

IIATtA - .. 0 NILE '115 ;~ 2 M(U'T FOi ICt ON 
SNOII, , .. " 

w 
~ I= ;;/ 1,1~ 3 TMUIIU[RSTOAtl * I= ~I - ....... EQUIVA- IC[ --- -~ z !! z -i!! -;,; • IC£ P£LL£TS z z . 0 --r: 

I t'il 1; w- f:i ~; Sff.Ul .. ELD, C C,: w 

" 
~ 

~i 
w "" ~ 

mo 
DOM LENT PELLET 492 -- 0 " w ~- om ; c~ ;:11 :;111 I GLAZE 

~ 
jQ C 

~ 
0. u - -w zz .. 7 DUSTlfDRn ~ w .. w~ w £ .. ~ 

i w"' iii Bi IN IN. FEET ~w w ,i w. .. zz 0 0 
>W I Sl'IDIE, NAZE ~ ~ 9i > ~r: 

" ~ ~ 
~~ i:i: co I ILDIIING SltOII "· PI.S.L. C ~ 0 ~~ 

2 3 4 5 6 7A 78 8 9 10 II 12 IJ 14 15 16 17 18 19 20 21 
74 •e 61 0 47 4 0 8 0 0 0 29.52 12 1.6 5 .0 8 29 • 2 
79 51 65 • •6 0 0 8 0 0 0 29.51 o• 3 .2 •. 9 9 32 5 • 77 50 64 • ,e I 0 8 0 .03 0 29.'3 32 3 .• 7. 3 2• 30 6 • 72 51 62 2 •9 3 0 0 T 0 29.57 36 3. 3 5.2 12 34 6 5 
74 ,2 58 -2 45 7 0 0 0 0 129.58 02 2. I 6.2 12 36 7 6 
78 53 66• 7 45 0 I 0 0 0 29. 43 35 2. 3 4. 9 10 34 9 8 
74 52 63 4 45 2 0 0 T 0 129,28 15 4 .9 5.9 21 17 IQ 8 
74 50 62 3 45 3 0 0 0 0 29. 38 04 2. 4 6.2 10 25 2 2 
72 46 59 I 46 6 0 0 0 0 29.50 04 2 .6 4 .2 9 17 3 2 
72 46 59 I 46 6 0 8 0 0 0 29. 54 04 I .2 5. 3 10 32 0 0 
74 50 62 5 47 3 0 8 0 0 0 29.58 29 I .2 5.2 10 29 7 4 
77 46 62 5 47 3 0 1 8 0 0 0 29 .64 01 I .8 5.8 8 31 4 3 
74 45 60 3 46 5 0 I 8 0 0 0 129.58 02 I .9 3 .5 10 28 7 4 
77 45 61 5 .. • 0 I 8 0 0 0 29. 49 34 1.2 4 .2 8 28 3 2 
82 42 62 6 39 3 0 I 8 0 0 0 29. 58 34 .6 3.5 7 34 I I 
82• 47 65 9 33 0 0 8 0 0 0 29. 50 02 2 .2 4 .B 16 32 10 7 
68 55 62 7 55 3 0 0 13 0 29.47 32 3.2 6.5 16 33 8 8 
64 45 55 0 48 10 0 2 0 0 0 29.63 33 6.9 7 .J 10 34 7 4 
60 42 51 -4 38 " 0 0 0 0 129.74 02 2. I 3.5 9 33 4 2 
61 35 48• -6 17 0 0 0 0 129.85 08 I .6 4 .8 9 33 I I 
68 31 • 50 -• 28 15 0 0 0 0 29. 89 12 3 .4 5.6 7 25 I I 
6• 39 52 -2 33 13 0 0 0 0 29. 83 II 1.5 3 .o 12 09 9 7 
64 48 56 2 42 9 0 0 0 0 29. 77 30 1.2 4 .6 10 30 6 5 
65 40 53 0 46 12 0 2 8 0 0 0 29. 80 10 2 .5 3. 7 7 13 5 5 
70 52 61 8 50 4 0 8 0 0 0 29.64 27 I.I 4 .2 10 03 7 6 
72 47 60 7 49 5 0 I 8 0 T 0 129.5• 33 4 .8 8.5 20 34 7 5 
63 •2 53 I 38 12 0 0 0 0 29. 73 33 I .0 4 .2 7 07 2 1 
70 40 55 3 38 10 0 8 0 0 0 29. 75 II I .2 3 .6 9 36 8 4 
66 42 54 2 40 II 0 8 0 0 0 29. 76 12 2. 3 3 .5 7 07 7 3 
65 42 54 3 43 II 0 8 0 0 0 29. 74 19 .5 5 .0 9 26 2 2 

SUit SUit TOTAL TOTA TOTAi TOUL F R THE l'IONTH: TOTAL I '"" "'" 2132 1364 
-- ---- NUMRER OF DAY 

. 16 0 29. 61 102 I.I ,.o 24 30 FOR 1>8 116 ... "G AVG DfP AVG ~ PRECIPITATION 0EP DAT : 03 ,. -T• AVG A G 
71. 1 45 .5 Se. J 2. -S ) n1 INrH 2 -a .5J •• 3 3 .9 

A •r IT TATE~PELLETS·0 i.1n11Tt~T IN il4 IIIHlllli Hm uAr~~ OREAfEST OEP1H ON GROUND Of SJION, 
KlJrl .. 1111 T~ .. MINltlUM Tfl'WJ I 2730 0 p PIU.TIDN SNOW Jr~[ pc-1 I IC"T§ ICE P" '<TS OR ICE ANO DATE , .. 

( " ( " . < n • ru:-p nrp 2 . I 3 17 0 0 
0 0 I 0 -113 551 PART C 15 r, 6 

SUl111ARY BY HOURS 
, £XTAEflE F'OA THE ftONTH - LAST OCCURRENCE IF 

l'IDA£ THAN ON(. 
"ORE OBSERVATIONS PER DAY AT 3-MOUR INTERVALS. 
FASTEST "ILE NINO SPEEDS ARE FASTEST OBSERVED 
ONE-"INUTE VALUES WHEN DIRECTIONS ARE IN TENS 
OF' DEGREES. THE I WITH THE DIRECTION INDICATES 
PEAK GUST SPEED. 

AVERAGES RESULTANT 
NINO 

T TRACE AtlOUNT 
• ALSO ON AN EARLIER DATE, OR DATES. 
HEAVT F'OG: - VISIBILITT 114 PULE DA LESS. 
FIGURES FOR NINO DIRECTIONS ARE TENS OF DE
CREES CLOCKWISE FRO" TRUE NORTH. 00 : CAL". 
DATA IN COLS. I ANO 12-15 ARE BASED ON 7 OR 

DEW POINT DATA MISG. NOV. 20TH. 

ANT ERRORS DETECTED NILL BE CORRECTED AND 
CHANGES IN SUM"ART DATA NILL BE ANNOTATED IN 
THE ANNUAL SU""ART 

.. 
a:!~ ~Ii ~--e, 
=-=..I • m 
~ :; ... :i;f 

01 2 29.61 
04 3 29 .61 
07 5 29. 63 
10 6 29. 65 
I 3 5 29. 59 
16 5 29. 57 
19 4 29. 59 
22 3 29 .62 

TE"PERATURE 

!" -~ 
~ .. ii ,.~ 
l!j 

52 48 43 
50 47 43 
•8 45 .. 
60 52 45 
69 56 .. 
69 56 .. 
59 51 43 
55 49 .. 

M 0 
w z 

W • w • 0 

~ - ~% 
~ . 0% 

-a ~ u ... 
"' - 0 • 

~ ~: jr: z r: 
~al ;; Q 

72 4 .2 07 2 .2 
77 3. 3 08 2 .0 
77 3.9 09 3.0 
58 3.8 22 I .8 
42 7. I 31 •• 0 
42 7 .I 30 5. 0 
58 5. 3 02 3 .8 
67 4 .6 08 2.5 

HOURLY PRECIPITATION !WATER EQUIVALENT IN INCHES) 
t! A ...... Nn•NG -'T p " NG AT 
a , • • " " • u , , 

" ~ ' ti 0 • u < 
I 
2 
3 .01 .02 
4 T T T 
5 
6 
7 T 
8 
9 

10 
II 
12 
13 .. 
15 
16 
17 .02 .06 .02 .02 T .01 T T T T 
18 
19 
20 
21 
22 
23 
24 
25 
26 T 
27 
28 
29 
30 

0 

22 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 

" 15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

i 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
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IS A "INlltU" CHARGE OF 12.00 FOR EACH ORDER OF SHELF-STOCKED ISSUES or PUBLICATIONS. "AKE CHECKS PAYABLE TO 0EPART11ENT OF COMMERCE, N0U. SEND 
PAIIIENTS, ORDERS, AND INQUIRIES TO NATIONAL CLl"ATIC CENTER, FEDERAL BUILDING, ASHEVILLE, NORTH CAROLINA 28801. 

I CEATIFT THAT THIS IS AN OFFICIAL PUBLICATION OF THE NATIONAL OCEANIC ANO AT"0SPHERIC AD"INISTRATI0N, ANO IS COMPILED FRO" RECORDS ON FILE AT THE 
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a: 
::, ..... ~ 
C) 
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4 

DA'f o, 
01 0 UNL ,. ., •• .. 
o, 0 UNL ,. 52 •8 .. 
07 0 UNL 7 50 " ,5 
10 • UNL 5 •• 62 55 50 
I) 7 UNL • .. " 59 •• ,. 5 UHL 7 72 58 •8 ,. 2 UNL 7 6) 5, " 22 0 UNL 10 58 52 •6 

OAT O• 
01 10 ,5 30 58 5) •9 o, 10 ,5 30 57 •• .. 
07 8 55 JO S6 .. 52 
10 8 50 )0 6) 57 52 
13 8 ,. JO 69 ., •8 
16 l UML •5 10 58 •8 ,. 0 UNL JO 60 ., 

" 22 0 UNL )0 55 51 " on 01 
01 • UNL 15 59 52 ,5 
04 10 UHL ,. 55 50 •• 01 9 ,o 15 5, •9 ,5 
10 10 250 ,. 66 5S •6 
I] 10 100 )0 " 56 ,o 
16 10 60 7 69 55 .. 
19 10 80 ,. ., ., •• 22 10 65 JO 6J .. •6 ... 10 
01 0 UNL 10 55 50 •• o, 0 IJNL 10 " .. " 07 0 UNL 5 H •8 ,5 ., 
10 0 UHL • ., 5J " I] 0 UHL 7 72 58 " ,. 0 UNL 5 H 72 58 •8 
19 2 IJNL 6 H ., ., 

" 22 0 UNL 7 57 52 •8 

on I) 

01 0 UNL 7 51 " " o, 0 UHL • '" •8 ,5 " 01 0 UNL J '" .6 .. " 10 2 UNL 2 .. ., 55 •8 
I] 10 UNL J KH ,. 59 " ,. 10 UNL J •• " 50 50 
10 S IJNL • .. 60 5, .. 
22 J UHL • .. .. 50 •6 

DAY 16 
01 0 IJNL 15 56 •6 ,. 
•• 0 UNL 10 55 .. J2 
07 ,o UNL 20 •• ., ]] 
10 10 250 20 66 •9 20 
13 10 250 1 80 56 ]] 
11 10 UNL 10 80 56 J2 ,. 8 UNL 1 65 50 J] 

22 8 UNL 1 68 51 ,. 
OAT 19 

01 0 UHL JO •6 " •• •• 0 UNI. JO ., ., ,o 
07 ' UNI. 30 ,5 ., •• 10 I UNL JO .. •8 •• I] 3 UNL 20 58 ., 36 ,. 3 UNL 20 59 •8 J6 ,. 0 UNL JO 51 .. J7 
2l 0 UIIL 20 •6 •2 ,. 

DAT 22 
01 0 UNL 10 .. J9 J2 

•• 0 UNL 10 " 38 J2 
07 8 UHL 10 •• JS 27 
10 10 ISO ,. 55 .. JI 
I] 7 UNL 7 62 •• ,. 
16 10 UWL ,. .. •• ,. 
19 10 250 10 .. .. ,. 
22 10 120 10 55 ., , . 

DAY 25 
01 7 ,5 1 55 51 " o, 10 26 1 58 ., •• 07 10 ,. • H 58 ., •• 10 10 ,. • H 6) 55 •• I] J UNL 7 •• 59 52 
16 8 UNL 12 70 •• 51 ,. 0 UNI.. 15 60 5, 50 
22 2 UML 15 ., 5J •• 

DAY 29 
01 0 UNL 15 •6 n ,. 
•• 0 UHL ,. 

" " )8 
07 4 UNL 15 ., •• J7 
10 10 UNL 10 ., •6 ,. 
I] 8 UNI. 8 68 .. " 16 J UNL 8 68 ., ,. 
19 0 UNL 20 55 " J8 
22 J UNL 10 57 •8 JO 

U.S. DEPARTMENT OF COMMERCE 
NATIONAL CLIMATIC CENTER 
FEDERAL BUILDING 
ASHEVILLE, N.C. 2B8O1 

1, 03 
77 12 
83 13 
65 17 
., 18 
0 29 
56 07 
6S 10 

72 34 
BO JIS 
87 00 
68 OJ 
4l ll 
., J• 
62 o, 
75 13 

60 08 
69 00 
72 00 
49 u 
30 18 

" " !2 16 
9,4 00 

69 08 
BO 00 
BO 10 
60 26 
41 34 
U 29 
60 09 
72 12 

74 00 
8l 00 
BJ OB 
58 I l 
)8 36 
48 30 
67 02 
75 00 

U 00 
42 08 
52 01 
25 00 
18 24 
17 18 
JO 07 
29 36 

80 ,, 
89 09 
83 00 
57 08 
U 01 
42 31 
59 00 
7' 00 

60 00 
65 00 
60 09 
40 00 
38 26 
33 15 
'7 00 
SJ 09 

75 00 
72 00 
72 00 
60 23 
515 26 
51 30 
70 OJ 
78 14 

77 \. 
83 06 
79 12 
61 22 
38 08 

" 18 
SJ 35 
SI 00 

TE,.,EAATUAE UINO 

--=~ ( ..... ~ ::-
i! •; 

.. _ . . .. ; ~ ;; !I!. 

0AY 02 
5 2 UNL 10 58 52 " 67 10 5 

• 0 UHL 10 55 50 •6 12 o• 5 
) 0 UNL 6 •• 56 50 ,5 67 05 5 
5 9 UftL 6 '" .. 57 •8 O 00 0 
) 10 UHL 6 .. 76 59 •6 35 ].C 5 
7 6 UNL 8 79 60 •5 JO 35 7 
) 2 UNL 10 69 55 " 39 08 ) 

5 0 UNL 10 60 ., 
" 62 12 • 

DAT 05 
5 0 UNL )0 ., .. •6 77 I] 5 
5 l UHL )0 50 " .. 80 10 ) 

0 10 UNL 30 •6 " " 83 i, 3 
) 9 UNL 10 6) 5, •6 s, 2• • 6 3 UWL ,. ,, ., .. 38 31 10 
6 6 250 )0 " S8 •8 U 31 8 
6 10 250 20 61 5J •6 58 01 5 
5 a 120 20 60 ., 

" 62 07 5 

0Al 08 
7 • UNL JO 60 ., •6 60 011 
0 3 UNL )0 5, •• •6 75 09 
0 6 120 JO 52 •8 ,5 77 08 
6 2 UNL JO 6• 55 " s, u 
8 2 UNL JO 71 ., .. 39 2' 

I] 0 UNL 30 " 57 .. M 3l 
7 0 UNL JO .. 5, .. so 04 
0 0 UNL JO S5 50 .. H 12 

••• II 
6 0 UHL 1 .. 50 •6 75 22 5 
0 4 UNL 7 52 .. •6 BO 00 0 

• 10 Ut.lL 5 ., •8 .. 74 I) 5 
5 10 UNt. 5 H 65 55 •6 !O 16 • 
8 10 UNL 5 H " 50 •8 41 32 6 
5 0 UNL 6 H 72 50 .. 029 • 0 UNL 7 62 .. .. 60 02 7 

0 UNL 1 ., 52 •8 72 00 0 ... " l UNL '" 51 •8 ,5 BO 12 
0 UNL '" 

., .. " 80 00 
l UNL 

8 '" 
•6 " ,o BO 09 

S UNL .. 62 .. •8 60 00 
4 UNL .. 75 •• •8 19 28 
2 UNL .. " 58 ., JO JI 
0 UNL S8 •• " SJ 31 
0 UNL 55 •• ., 64 07 .. , " 0 10 50 1 A ., 59 56 78 33 

6 10 50 1 61 •• ., 87 18 
5 10 •8 30 60 58 .6 B1 17 . 
0 10 J8 12 63 60 58 84 24 J . ,g 60 10 68 60 55 63 JI 12 
J 4 UNL 10 66 60 55 H JS • ) • .. 10 59 56 .. 84 JI ) 

12 7 UNL 10 55 ., 52 90 OS • 
DAY 20 

0 UNL 20 ., 10 5 
0 UNL 20 ., 10 5 
8 •• 20 J9 J6 J2 76 14 ) 

' UNL • 52 •• 38 59 23 5 
0 UNL 10 59 .. J7 , .. 00 0 
0 UNL 10 60 •• JS 39 32 5 
0 UNL 10 •• ., JS 59 01 5 
0 UNL 10 .. ., ,. 66 08 • 

OAY 23 
0 10 50 10 56 •8 ,. SJ OD 0 
0 10 JS 10 56 so .. 67 29 . 

10 7 UNL 10 so .. J7 61 05 J 
0 10 60 10 •• 52 •6 62 29 J 
5 4 UNL 7 ., 51 ,. 41 20 6 
J 1 UN\. 1 ., ., .. 541 30 • 
0 I UNL 7 .. •• .. 69 06 J 
J 0 UNL 10 51 ., .. 77 10 • 

DAY 26 
0 0 UNL 10 56 ., 50 80 09 6 
0 0 UHL 10 52 50 •• 86 II J 
0 10 50 5 '" .. .. 50 83 09 • • 3 Ut.lL 5 H .. ., 52 615 23 J 

• 8 lO • " 
., 5• 155 32 12 

J • 23 1 .. 58 5J 68 34 15 

• 10 J2 1 59 50 " 51 JI 10 
5 J UNL 1 52 •6 •• 64 30 • 

DAY 29 
J 2 UNL 10 •• .. ,. H 00 0 

• 0 UNL 10 ,5 ., ,. 80 00 0 
J 10 UNL 1 •• .. J9 69 12 • 
J 10 250 '" 5, •8 ,.1 62 23 • 
J J UNt. '" 6• 5J •2 .. , 13 • • 3 UNL '" 66 5J ., 

42 " 
5 I UNL 5J " •• 62 05 
0 2 UNL •• .. " 7' 11 

IAICEASflELO CALIFORNIA 

AN EGUAL OPPOATUNI TT Ell'LOYER 

A-27 

.. 

0 UHL 
0 UNL 
I UNL 
• uNL 
6 100 

10 50 
J UNL 
2 UNL 

8 120 
8 UNL 

10 120 
8 150 
9 12'0 

10 120 
10 120 
9 120 

0 UNL 
0 UNL 
2 UNL 
I UNL 
5 UNL 
2 UNL 
0 UNL 
0 UNL 

0 L,NL 
0 UNL 
4 UNL 
J UNL 
J UNL 
9 UNL 
6 UNL 
0 UNL 

0 UNL 
0 UNL 
2 UNL 
0 UNL 
2 UNI. 
I UNL 
0 UNL 
0 UNL 

J UNL 
10 J. 
3 UNL 

• •• 6 uttL 
J UHL 
2 UNL 
J UNL 

0 UNL 
0 UNL 
0 UNL 
0 UNL 
I UNL 
J UNL 
2 UNL 
0 UML 

0 UNL 
0 UNL 
7 UNL 

10 J 
0 UNL 
0 UNl. 

10 ,. 
10 JO 

J UNL 
0 UNL 
I UNL 
I UNL 
S UNL 
0 UNL 
0 UNL 
0 UNL 

O UWL 
0 UNI.. 
2 UHL 
I UtlL 
J UNL 
• UNL 
l UNl. 
3 UNL 

··- ~ ::-.. 
:;; 

DAY OJ 
10 55 50 .. 69 00 
10 52 •8 .. 7' 00 

7 5, •8 " 67 10 
5 .. 69 56 •6 •• 17 
7 75 60 •• •o JO 
I AW 66 58 52 61 30 

JO 61 59 57 87 o, 
lO 56 ., 51 83 08 

DAT 06 
20 56 51 " 72 16 
20 5, 50 " 77 10 
10 56 .. " 72 06 
10 68 57 •• 51 28 
10 76 58 u 31 JO 
15 78 ., •• 26 32 
15 67 55 .. .. )6 

15 62 52 " 50 36 

DAY 09 
lO S5 •• .. 67 09 
JO 52 " " 72 00 
20 50 •6 ,2 1' 01 

7 62 5, •8 60 00 
1 70 58 •• '7 02 
1 " 58 •8 0 )I 

10 61 ., .. 56 02 
10 01 51 •6 67 II . .. 12 : . .. 52 .. •6 80 " "" •8 ,5 " 8l 10 

' ) 

,. 
10 
2 

• 5 
1 

10 
10 

10 
10 

I 
7 

15 ,. 
30 
JO 

10 
10 

7 

• 10 ,. 
10 

• 
15 
5 
0 
0 
J 

• 1 
1 

10 
15 
JO 
10 
10 
10 
20 
20 

• 5 
J 

• ) 

2 
) 

J 

··- •9 •6 .. 83 08 .. ., .. •9 60 29 

•• " 59 •8 " " .. 75 60 •• 40 ll .. 62 5, •8 60 01 
58 52 ,, 67 11 

OU ,. 
51 •• " 69 00 
•8 .. JO 71 10 

··- ,5 •2 39 80 00 

'" 66 S5 ,5 47 27 
KH 76 ., •• 27 33 

81 58 J7 21 ll 
65 •• JI 28 00 
59 •8 J8 46 13 ... 18 .. ,2 51 90 36 
56 5, ., 87 34 ., •• •6 91, )0 
56 ., 50 BO JO ., •• ., 56 34 ., 5, •6 54 lJ 
56 ., •8 75 36 
50 •8 •• 86 32 

OAT 21 

" J7 JI 67 09 
J8 JS JI 76 01 
J2 JO 27 82 II 
51 ., ,. 52 16 
15 •• 20 18 14 
67 •6 .. 16 25 
55 .. " ,o 14 

" •• " .. .. 
DAY 24 

" .. ., 83 09 

• ,5 .. " 93 12 

•• •• •• ,o 100 00 
8 • .. •8 •8 96 10 

50 ., •8 67 11 
6• .. " '54 20 
60 ., •8 65 36 
59 ., •8 67 12 

DAY 27 

" 
., J8 71 34 

•6 ., J9 77 00 

" •• J6 76 00 
5J ,5 J7 515 22 
60 •• J8 " JO 
62 51 ,o ,s 22 
5J •6 )9 59 04 

•• J9 J8 93 07 

OU JO 
KH " .. " 80 08 
KH .. ., ,o 13 12 

'" 
., 

" 38 83 00 .. 56 .. ,o 15'5 25 .. 6• 55 " s, 26 

8 '" 
., 55 .. 58 29 .. 55 51 •8 77 0, 

KH 51 •8 .. 80 " 

,. 
" 
POSTAi( Allt f£ES PAID 

U.S. DlPAIT01 Of' ClflEIC[ 
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0 
0 
6 NOTES 
) 

I) CEILING 
20 UNL 1•1t1111 •1111,u 

6 
) 

• 
2 WEATHER • J . TORNADO 
5 T THUNOEAS TOAi! 
5 a SQUALL 
6 A RAIN 5 AW RAIN SHOUEAS 

ZR FREEZING RAIN 
5 L GRIZZLE 
0 ZL FREEZING DRIZZLE 

• s SIIOW 
0 SP SIIOU PELLEIS 

IC ICE CRYSTALS 
SW SIIOU SHOUERS 
SG SNOW GRAINS • IP ICE P(LLETS 
A HAIL 

J F FOG 
5 IF ICE FOG 
5 GF &ROUND FOG 
• ID Bl.OWING OUST 
6 811 BLOWING SANG 
7 BS BLOWING SNOW 
6 BY BLOUING SPRAT • K SIIIKE 

H HAZE 
0 D OUST 

• 0 NINO 3 
5 OIAECTIONS ARE THO$€ FRON 6 
0 IIIICH THE UINO 81.0WS, INOI-
5 CATEO IN TENS OF IJEGREES 

FRON TAU[ NORTH: I.E., GI 
FOR UST, II FDA SOUTH, 27 

5 FOR WEST. ENTRY OF DO IN 
8 THE DIRECTION COL- 111>1· 
5 CATES CAlN. 
6 • SPEED IS EIPAESSED IN KNOTS: 
7 IIJLTll't.T BY I.IS TO CONVERT • TO NILES P(A HOUR. 1 

5 
5 
6 

• • 6 

• 5 

6 
0 
0 
5 

• 

• . 
0 
5 
8 
J 
5 
5 

(1) 
FIRST CLASS 
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BAKERSFIELD, CALIFORNIA 

NATIONAL ~EATHEA SERVICE ore 

KEAN covNiY AIR TERMINAL 

Local Climatological Data 
MONTHLY SUMMARY 

LATITUDE 3S 1 2S 1N LONGITUDE 119 ° 03 'w ELEV AT I ON I GROUND I 47S n. SU.NOA.RO TIHE USED: PACIFIC U8A.N 123155 

C 

I 
I 
2 
3 

• 
5 
6 
1 
B 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

DEGREE DAYS WEA THEA TYPES SNOW, AVG. SKY COVER 
TEMPERA TUAE 'r BASE 65" ON OATES OF JC[ PRECIPITATION STATION WINO SUNSHINE TENTHS 

OCCURRENCE PEU.£TS PR£S- n,STEST ;;: a; I FOG OR WATER SNOM, 
SURE "' C ~!!L_ 

J ~: iii~ 2 HU'll FOG ICEON "· C % w w l= 
C 3 TMUMOEASTOR" OROIIIII) faU/U· ICE - .. -4 Q. z ., l= we z - i!e t ICE PELLETS z 

~ --.... z . 0 -~ w r 

i ! =- 0 w - ~: iZ SHAil AT ELEV. C ,C ~ %% 

~ 
_., 

~ C LENT PELLETS % % w z~ ~ - ~ ~ .. C Q. :~ I GLlZE 00.M 492 J JC C • u =- we - w zz 
CC .. 7 DUSTSTOR" =- =- w .. Q. WO. w u Q. .. ~ 

! Q. 0 W 2 8~ " , .. FEET ~ ~ w 

"' 
.. z .. z z cc 

i' ., w"' ~lg BSl'IOKE,HAZE w w .. o.r r k' ~ =-=- i: E 
C ~ cc 9 BLOWING SNOW 

, .. N,S.L. .. .. ~ C ~~ 

2 3 4 5 6 7A 7B B 9 10 11 12 13 14 15 16 17 1B 19 20 21 

70 40 ss 4 45 10 0 I 6 0 0 0 29. 66 02 . 5 5. 0 9 33 2 3 

75 4S 60 9 44 5 0 I B 0 0 0 29. 63 07 3 . 3 3.7 12 09 9 B 

83• 53 68• 18 34 0 3 B 0 0 0 29. 74 II 3 3 S .B 9 09 9 1 

7 I 4.5 SB B 39 7 0 B 0 0 0 29. 82 07 .5 S. 3 9 21 s 5 

67 ... 56 6 43 9 0 B 0 0 0 29 .67 OB I. 3 3 .6 7 OB 2 I 

69 .. 57 7 41 8 0 I B 0 0 0 29. 44 08 . 9 4 .2 B 28 I 0 

74 .,) 59 I 0 42 6 0 B 0 0 0 29 . 41 32 1. 7 4. 3 12 31 0 I 

77 •5 61 12 45 • 0 B 0 0 0 29. 60 35 I. 2 4 .6 B 31 1 I 

74 .. 59 10 45 6 0 I 8 0 0 0 29. 66 2T .5 3 .9 9 24 2 I 

59 45 52 3 49 I 3 0 1 B 0 0 0 29. 56 35 . 1 4 .6 B 12 10 8 

57 " 49 I 37 16 0 I B 0 0 0 29. S 7 30 3. I 5. 2 13 30 7 6 

61 37 49 I 34 16 0 8 0 0 0 29. 68 12 2. I 5. B 9 31 0 0 

63 37 50 2 36 15 0 B 0 0 0 29. 76 36 I .I 4. 9 I 0 28 2 I 

63 36 50 2 38 15 0 I B 0 0 0 29. 74 II I .6 3.7 7 09 I I 

63 37 50 2 38 15 0 I B 0 0 0 29. 65 32 I .2 4 .9 9 28 2 I 

68 36 52 4 39 13 0 I 8 0 0 0 29 .67 0 I 2. I 4 .2 13 33 2 I 

68 34 51 4 39 14 0 I 8 0 0 0 29. 68 03 1. B 3. 3 1 OB 2 I 

75 37 56 9 37 9 0 1 B 0 0 0 29. 54 05 2. 4 6 .5 10 09 2 2 

66 45 56 9 37 9 0 8 0 T 0 29. 57 08 1. 7 5. 2 I 0 02 9 5 

66 " 54 7 41 II 0 B 0 T 0 29.57 23 .6 3 .5 9 36 3 5 

65 47 56 9 49 9 0 3 5 8 0 . 11 0 29. 49 36 .7 6. 0 32 35 1 7 

57 43 50 3 46 15 0 I 8 0 . 02 0 29. 56 35 2 .5 5 .6 10 34 9 6 

64 40 52 5 34 13 0 0 0 0 29. 49 13 5 9 8. B 20 14 10 B 

64 57 61 14 38 4 0 8 0 .03 0 29. '' 15 13 4 ! 7 .8 30 15 10 9 

65 45 55 8 47 I 0 0 0 0 0 29. 65 0 I 6 . 2 1. 0 14 04 8 5 

54 40 47 1 42 18 0 0 0 0 29.67 35 I . 0 6 .0 9 18 6 5 

61 34 48 2 38 17 0 1 0 0 0 29. 70 05 1 .1 5. 3 9 25 0 0 

57 33• 45• -I 39 20 0 I 8 0 0 0 29. 75 3 I 2 . 3 6. 3 14 30 9 1 

64 36 50 4 41 I 5 0 • 2 B 0 0 0 29 .64 14 1 . 9 4 .2 9 28 6 5 

71 42 57 II 43 B 0 1 8 0 0 0 29 .57 03 4. 2 6 .5 16 03 10 B 

72 50 61 15 51 4 0 0 T 0 29 64 0 I 2. 3 6 .2 14 32 10 9 

SUH <UH TllTAL TOTAL TOTAL TOTAL FOR TH£ l'IONTH: rou l SUH SUN 
2063 1'06 -- - 334 3 NUMBER OF OAYC:: . 22 0 29 . 62 06 . 9 5 .6 32 3S FOR 156 r> 

AVG AVG AVG O'P AVG, OEP DEP. PRECIPITATION OEP DATE: 21 POSSIU l'IONTH AVG AVG 

"6 .S •I. 8 54. 2 6. 3 41 -196 3 >.01 INCH 3 -0 .r.2 5 .0 4. I 

SEASON TO DATE ~NOW, ICE PELLETS 
N A nr nus TnTA TOTAL > Q mu 0 GRHTtST IN .,, unuRS ANO "ATES GREATEST OEPTI-I ON GROUND OF' SNOW, 

"UIPIUl'I TntP I 111NIHUP1 T~Mp 552 
, to • < ,, • < ,, 1 n QFP 

0 0 0 0 -309 

I EXTRE'1E FOR Tt-4E )10NT"4 - LAST OCCURRENCE IF 
MORE Tt-4AN ONE. 

T TRACE A..OUNT 
• ALSO ON AN EARLIER Di\TE, OR DATES. 
MEAVY FOG: - YISIBILITf I" l'HLE oq LESS, 
FIGURES FOR WINO DIRECTIONS ARE TENS OF DE
GREES CLOCKWISE F'ROH TRUE NORTH. 00 = CAUi. 
DAU IN COLS. 6 ANO 12-15 ARE BASED ON 7 ·OR 

2733 s 1 PRECIPITATION SNOW 1rE PEL £TS ICE PELLETC nR IC'" ANO DATE 
OEP. 1 . 19 21-22 r 

554 15 PARTLY C OUOY 5 l'I nuQY 

P'IOllE OBSERVATIONS PER DAY i\T 3-HOUR INTERVALS. 
FASTEST HILE WINO SPEEDS ARE FASTEST OBSERVED 
ONE-MINUTE VALUES WHEN DIRECTIONS ARE IN TENS 
0~ DEGREES, THE I 141TH THE DIRECTION INDICATES 
PE"AK' GUST SP£EO. 
ANY ERRORS DETECTED WILL BE CORRECTED ANO 
CMANGES IN SUP'll1ARY DAU Will BE ANNOTATED IN 
TM[ ANNUAL SUP'IHAl:U 

o-r 
11 

.. 
!~ 

w 

B12 
CJ 

•~ %~ l:;• 

01 3 
04 3 
07 4 
10 5 
13 5 
16 5 
19 4 
22 3 

T 0 

SUMMARY BY HOURS 
A V E A i\ G E S RESULTANT 

~l!Q_ 
TEMPERATURE .. C 

w 
w • w z 

!ii ~ 
Q. % 

C -~ . Q. > - "'. C% ., 
~I/-

- C .. w . .. 
JC 

C • il! w Q. 
w =- !: r ... 

< 2., w =- ~"' .. % ~ C 

29 62 49 45 40 75 4 . 3 09 3 . 0 
29 61 46 43 39 79 5 . 2 09 2 .5 
29 .64 44 " 38 79 4 .B II 2. 1 
29 . 66 55 48 41 62 4 . 6 I 8 1 .5 
29 . 60 64 53 43 49 6 .6 29 4. , 
29 . 59 64 53 43 48 1 .2 28 2 .6 
29 . 61 55 49 43 66 6. 4 04 3 6 
29 63 SI 47 42 72 5 5 09 3 .5 

HOURLY PRECIPITATION !WATER tOUIVALENT IN INCHES! 

"" ' " HOUR NDING AT p " HOUR ENDING AT 

:I , ] 4 5 • • Q I If p I J 3 4 5 6 7 • 9 ro 11 p 

I 
2 
3 
4 
5 
6 
1 
8 
9 

10 
II 
12 
13 

" 15 
16 
17 
18 
19 I T 

20 I I 

21 I . 10 . 01 I 

u .01 . 01 
2) 
24 I I I I T . 02 I . 01 

25 
26 
27 
28 
29 
JO 
)I I 

C 

22 
I 
2 
3 
4 
5 
6 
1 
B 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 
31 

"' ;!! 
1 
2 
3 
4 
5 
6 
1 
8 
9 

I 0 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUBSCRIPTION PRICE: ll.JO PER YEAR INCLUOING ANNUAL SUMMARY, FOREIGN HAILING 11.95 EXTRA. SINGLE COPY: 20 CENTS FOR MONTHLY ISSUE, 30 CENTS FOR 
l«INTHLl SUMMARY. THERE IS A HIN1HUH CHARGEOF 13.00 FOR EACH ORDER or SHELF-STOCKED ISSUES or PUBLICATIONS. HAKE CHECKS PAYABLE TO OEPARTHENT or 
COMMERCE, NOU, SEND PAYMENTS, OROERS, ANO INQUIRIES TO NATIONAL CLIMATIC CENTER, FEDERAL BUILDING, ASHEVILLE, NORTH CAROLINA 28801. 

I CERT!'! THAT THIS IS AN OHICIAL PUBLICATION or THE NATIONAL OCEANIC ANO ATMOSPHERIC AOHIN[SIRATION, ANO rs COMPILED FROM RECORDS ON FILE AT THE 
NAIIONAL CLINATIC CENTER, ASHEVILLE. NORTH CAROLINA 28801. 

noaa NATIONAL OCEANIC AND / ENVIRONMENTAL DATA ANO 
ATMOSPHERIC AOMINISTRATION INFORMATION SERVICE 

~(ff.~ 
DIRECTOR, NATIONAL CLIMATIC CENTER 

USCOMM· -NOAA- -ASHEVILLE 400 
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T[l"IPER.ti TUR[ T[NPERATUR[ 

" 
TEMPERATURE 

110111(11 " :.- ~- :.- 'i:; i .. 111:&ftl[II " :.- ~::-
" i~ ~ g ~;;: 

, :r ~i: ~ :r C ~ :; 

DAY 01 DAT 02 OAT 03 
01 2 UNL 3 KM 50 46 " 77 09 5 2 UNL 2 8 KM 50 " 45 83 06 6 10 UNL 7 57 48 39 51 08 7 
04 2 UNL 3 KM 45 43 " 86 08 4 4 UNL 2 8 KM so " 45 83 09 10 10 LINL 10 5) 46 38 57 00 0 
07 2Ul<l 2 KM 42 40 )8 86 16 3 3 UNL 7 48 45 " 17 00 0 2 UHL 30 55 45 33 43 08 8 NOTES 10 I UNL I 8 KM 62 54 48 60 33 8 10 250 3 KM 61 53 " 60 00 0 9 UHL 30 68 52 )7 32 23 
13 2 LINL 2 KM 66 56 48 52 25 5 10 250 3 KM 72 57 45 38 00 0 10 l..WL 30 80 55 30 16 16 CEILING 16 7 UHL 2 KM 67 57 49 153 23 5 ,o 250 3 KM 70 56 45 41 09 3 10 UNL 30 79 55 30 17 25 UNL INGIC&IH UIIL.llilll£D 19 3 UHL 2 8 KM 57 51 46 67 05 5 10 UNL 4 kM 62 53 45 54 J6 3 7 UNL 30 63 49 34 )4 09 
22 2 UNL 2 8 •M 52 48 45 77 00 0 10 UNL 5 KM 61 51 42 50 08 4 0 U"tl 30 61 46 28 29 12 

OAT 04 DAY 05 DAY 06 
01 0 UHL 30 So .. 32 ,2 J) 3 6 UNL KM 51 46 " 69 00 0 0 UNL 4 KM 50 46 " 71 09 
04 0 UHL 30 48 " )I 52 07 4 0 UNL 50 45 40 69 00 0 0 UNL 4 "M 45 " 40 83 10 WEA THEA 
07 2 UNL 30 " 40 32 56 II 5 I UNL kM .. " 38 80 36 5 0 UHL 4 KM ,s 42 38 77 10 
10 8 250 7 62 51 40 45 30 5 I U>IL KM S9 50 " 51 18 3 I UNL 4 KH 59 49 40 50 00 . TORNADO 13 3 UNL 3 kM 69 56 46 44 25 6 2 UNL 8 KH 65 56 48 54 31 4 I UNL 4 KM 67 5S .. 44 28 T TMUNOEASTORH 16 10 UNL 3 KM 69 56 45 42 23 4 2 UNL 

8 '" 
67 56 " on 4 0 UHL 6 KM 68 S4 " 38 22 0 SQUALL 19 6 UNL 3 KM 58 50 " se 01 6 I UNL kM 57 51 46 67 IQ 5 0 UNL 7 57 50 43 60 03 R R.tilN 22 10 UNL 4 •M 53 " " 64 10 4 0 UNL •M 51 " 4) 7' 08 4 0 UNL 7 52 " 42 69 00 AW R.ti IN SMOW[RS 

DAY 07 DAY 08 DAY 09 ZR FREEZING RAIN 
01 0 UNL " 43 38 71 00 0 0 UNL 6 kM 52 " 43 72 00 0 0 UNL kM 53 49 45 74 00 0 L DRIZZLE 
04 0 UNL 46 " 40 80 00 0 0 UNL 5 '" 50 46 " 77 00 0 I UNL kM 50 46 " 77 JS 5 IL FRHZING DRIZZLE 
07 0 UNL kM 46 " 39 11 17 4 0 UNL KM •• .. ., 86 10 I UNL KM 50 46 " 71 IQ 3 s SNOW 
10 I UNL KH 59 51 " 56 II 3 0 UNL KH 62 53 46 56 24 J UNL KM 59 52 46 62 20 4 i;P SNOW PELLETS 
13 0 UHL •M 72 58 46 40 31 10 2 UNL KH 75 60 48 39 31 2 UNL KH 71 58 " 43 00 0 IC IC[ CRYSTALS 16 0 UHL KH 71 57 46 " 30 6 2 Ut.lL '" " 59 48 ,o 27 2 UNL •M 70 58 48 •6 2• 5 SW SNOW SI-IOW[RS 19 0 UNL 55 49 " 64 33 4 0 UNL '" 62 54 " 58 02 0 UNL KH 60 53 " 62 OJ 6 SG SNOW GRAINS 22 J UNL '" 55 49 .. 67 OB 3 0 UNL '" 57 51 46 67 09 0 UNL KH 56 51 46 69 22 4 IP IC[ PELLETS 

"" 10 0" " OU 12 ' HAIL 
01 2 UNL 8 KM 47 45 " 86 00 10 32 7 5S 52 so 83 00 0 0 UNL 7 " 38 " 76 11 5 ' roG 
04 2 UNL 8 no-I 46 .. " 89 14 10 5 2 e '" 52 SI 50 93 JO 5 0 UNL 10 38 36 32 79 12 5 " IC[ FOG 
07 10 4 10 ' 50 49 48 93 1'5 ,o 20 10 48 " 33 56 31 9 0 UNL 8 )7 35 )I 79 11 5 Gr GROUND FOG 
10 10 26 ,2 ' 54 52 51 90 15 6 25 20 49 " 32 52 27 6 0 \JNL 6 H 50 ., 32 so 12 3 BO BLOWING OUST 
I) 10 25 4 ' 59 55 52 78 JO • 25 10 55 .. )I 40 24 4 0 UNL 6 H 57 " 36 46 2S 6 SN BLOWING SANO 
16 10 25 e no-1 58 54 51 7B 36 1 UNL 5 56 46 " 4' 26 4 0 UNL 6 58 48 38 49 26 6 85 BLOlollMG SNOlol 19 10 2S "" •• 5) ., 

86 3'5 0 UNL 7 46 " " 63 36 3 0 UNL 7 48 ., 36 63 OJ • Br BLOWING SPRAY 22 ,o 32 56 53 ., 83 32 0 UNL 7 " 39 " 71 08 • 0 UNL 7 .. 40 35 71 II 5 K 51101([ 

OAY I) DAY " OU ,. H HAZE 
01 

0 "'" 
1 " 38 33 73 00 0 UNL 7 " 39 36 82 11 0 UNL 6 H " 40 37 79 00 0 D DUST 

04 0 UNL 7 39 37 34 B2 10 0 UNL 5 40 38 35 82 00 0 UNL 5 '" 40 38 35 82 00 0 
01 6 UNL 5 M 38 36 32 79 10 I UNL 3 M 38 36 33 82 11 2 UNL 2 ' 37 36 35 92 !J • WINO 10 3 UNL 4 M so " 34 S4 23 2 UNL 2 8 H 51 45 38 61 00 2 UNL 2 H 53 46 39 59 29 6 
I) 0 UNL 4 H 60 49 38 4' JI I UNL 3 H 59 49 40 so 17 2 UNL 2 8 H 62 52 42 48 28 8 

DIRECTIONS ARE H~OSE FAON 16 0 UNL 4 H 61 50 40 46 27 I UNL 3 61 51 " ,e 24 2 UNL 2 8 M 62 51 " 46 JO 
19 0 UNL 7 51 45 39 6• o, 0 UNL 5 51 45 39 64 02 0 UNL 4 M ff 46 40 64 OJ WHICM TM[ WIND BLOWS, IND!· 
22 0 UNL 1 46 42 38 74 06 0 UNL 6 45 42 39 80 ,o 0 UNL 4 42 38 " 10 C.ti1ED IN TENS OF DEGREES 

f"AOH TAU[ NORTH: I.[., 09 
OAY 16 OAY 17 OAY 18 ro~ HST, \8 FOR SOUlH, '17 

01 0 UNL KM 46 " 39 7'1 00 0 UNL H " 40 37 79 01 • 0 UNL 3 H 45 ., 39 80 10 FOR WEST. ENTRT or 00 IN 
04 0 UNL KM 39 37 35 86 00 0 UNL H 40 38 35 82 09 5 I UNL 2 . '" .. 42 39 BJ 12 TH[ OIR£CT ION COLUm4 IHOI-
01 5 UNL 8 ' 37 36 " 89 12 4 UNL 

4 '" 
37 36 34 89 00 0 I UNL 2 . '" " " 38 83 07 CATES CAUt. 10 I UNL H 50 .. 38 6.t 00 2 UNL '" 51 46 40 66 00 0 2 UHL I 4 H 54 48 " 62 JI 

13 2 '-"L 8 H 67 .. " ,2 34 2 UNL H 63 53 " 48 00 0 0 UNL 3 H " 54 38 JO 27 SP£EO 15 [IIPA[SSEO IN !(NOTS: 16 1 UNL M 64 53 42 4S JO 2 UHL H 66 54 " 0 2B 4 4 UNL 4 H 7) 53 " 24 36 HULTIPLY BY I. IS TO CONV[AT 19 0 UNL H 51 46 40 66 04 I UNL H 53 " 42 .. 3. • 5 UNL 7 60 48 35 39 09 TO HILES PEA HOUR. 22 0 UNL H 46 42 38 7' 07 0 UNL " .. 40 77 08 5 0 UNL 7 55 45 33 43 06 

OAY 19 QAY 20 DAY 21 
01 0 IJNL 7 55 43 29 37 00 0 J UNL 10 so 46 42 74 00 0 10 45 7 56 53 50 80 04 7 
04 0 UNL 7 51 " 33 50 12 4 0 UNL 10 46 42 38 74 13 4 9 " 7 .. 52 51 

90 " 
s 

07 6 2~0 3 H 50 .. 37 61 II 6 I UNL 5 " 39 36 B2 29 3 8 65 3 52 49 " 83 15 4 
IQ 10 120 7 60 " 33 )6 14 3 0 UNL 4 M 55 48 " 59 \6, 5 8 60 • H 60 5' 49 67 00 0 
I) 10 120 6 66 50 33 29 15 5 1 UNL 4 H 65 52 40 40 23 ' 10 10 63 55 49 60 28 9 
16 5 UNL 20 63 52 42 46 35 8 9 140 6 H 65 52 40 40 30 8 45 8 TRH 58 54 so 75 02 8 
19 5 UNL 30 57 50 .. 62 33 7 10 90 ' 59 50 " 51 02 • UNL 7 so 49 48 ,9) 26 9 
22 6 75 10 55 49 43 64 II 3 10 55 7 S6 52 48 75 00 4 UNL 7 49 48 48 96 IQ s 

AT 22 OAY 23 DAY 2• 
01 5 UHL 10 49 " •6 eg o• s 0 UNL 10 45 42 38 17 01 7 10 120 7 64 46 22 20 15 20 
04 5 IJNL 6 'M 46 46 46 100 JO 5 0 UNL 10 42 40 37 83 00 0 10 90 7 63 45 22 21 1' 26 
07 10 JO 2 • 'M 45 45 45 100 JI 5 10 250 30 ., 40 38 86 JI 7 10 80 2 90 63 46 26 25 14 20 
10 10 22 4 FM 50 49 48 93 28 3 10 120 30 51 45 39 64 II 6 10 60 5 R80 63 50 38 40 16 22 
13 10 " 5 '" 54 51 48 80 36 6 10 90 30 61 50 38 43 II 3 10 60 5 R8D 61 53 46 58 27 9 
16 10 38 20 55 50 46 72 30 5 10 100 30 64 " 28 26 I) 10 10 55 10 R 59 S) 48 67 " 15 
19 2 UNL • 49 46 .. 83 1 I 10 75 20 59 45 27 29 15 I) 10 S5 30 R 60 S) " 62 17 4 
22 0 ""'- 7 4S .. 43 9J 09 10 120 7 60 .. 26 27 1'5 15 ,o " 30 R 57 .. S) 87 3' 8 

OAT 25 QAY 26 DAY 27 
01 10 45 30 57 .. ., BO 02 6 10 25 7 50 50 50 100 32 0 UI\IL 15 40 39 37 B9 07 
04 0 UNL 30 54 so " 77 04 12 7 25 30 48 " " 96 32 0 UNL 5 36 35 " 92 34 
01 3 UNL 30 " 46 46 96 00 0 J UNL 7 " " 40 96 00 :l UNL 30 35 )4 32 B9 11 4 
10 7 UNL 10 56 53 50 BO 09 5 10 12 • 46 .. 42 86 36 0 UNL 30 49 " 37 63 16 
1) 9 UNL 10 63 54 46 54 33 10 10 20 10 50 45 40 69 JO 0 UNL 15 57 49 " 55 JO 
16 9 UHL 20 64 54 46 52 34 8 I UNL 15 53 " 40 62 18 0 UNL 15 59 so 42 54 28 
19 • UNL 20 53 49 46 77 01 8 0 UNL 15 46 " 40 80 12 0 UNL 20 48 45 42 80 05 
22 & 40 30 48 " 46 93 32 5 0 UNL 15 4) " 38 83 OB 0 UNL 20 45 43 40 8) 12 

DAY 28 QAY 29 QAY 30 
01 0 UNL 10 40 39 37 89 10 5 3 UNL I '" " " " 100 12 4 UNL s <M " " 40 81 12 • 04 0 UNL 1 36 )6 35 96 32 4 6 UNL 0 12 ' " " " 100 12 2 UNL 7 49 42 34 56 04 6 
01 2 UHL 7 " 33 32 92 00 0 10 0 0 ' 40 40 40 100 23 9 50 30 " " 38 71 00 0 
10 & UNL 4 M 48 .. 40 7' 17 6 10 0 0 ' 40 40 40 100 00 8 10 30 55 48 40 57 00 0 
I) 10 150 4 H 53 48 " 69 JI 10 1 UNL 3 55 49 " 64 JO 4 10 .. 30 67 56 46 47 32 10 
16 10 150 7 57 49 42 57 26 10 7 UNL ' 62 51 " 46 18 -. 10 .. 30 " S9 49 46 36 ,o 
1g 10 80 3 '" 45 .. 42 89 34 3 0 UHL 5 M 49 46 ., 77 06 10 45 30 59 54 50 72 08 8 
22 10 5 I 

8 '" 
45 .. " 93 02 • I UNL 5 M 48 45 " 77 " 6 45 30 58 ., 48 70 0) • 

DAY 31 
01 • UHL 30 55 51 " 75 10 5 
04 9 150 30 .. 50 " 77 00 0 
07 10 120 30 53 49 46 77 JS 3 
10 10 200 30 63 55 48 58 14 6 
13 10 UNL 30 70 58 49 47 JJ 7 
11 10 70 20 71 62 S6 59 32 12 
•• 10 250 15 58 57 56 9) JI:. 4 
21 10 UNL 20 60 58 57 90 10 6 BAli:'.ERSF"l[LO CALIFORNIA 79 12 

U.S. DEPARTMENT OF COMMEACE AN EQUAL tiPPORlUI;\ n [NPLOY[A PQSUG( u,o recs Pt.ID 00 NATIONAL CLIMATIC CENTER U.S. O[PAATH[NT or COlfflCAC[ 

FEDERAL BUILDING COM-210 ASHEVILLE, N. C. 28801 

FIRST CLASS 
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58 
Day: 

Time: 08:00 

Total Incident Power: 7.31 MW ------------ Average Cosine: 0.7037 

Incident Flux, W/cm.2 

o.o 1.27 13.0 21.36 24.01 22.93 18.87 12.43 7.71 1.63 0.04 

0.03 2.84 18.02 25.53 28.38 27.22 22.03 14.26 9.27 2.20 0.07 

0.16 4.57 20.28 27.22 30.95 29.29 23.55 14.54 9.42 2.47 0.09 

0.30 6.05 21.04 27.66 31.81 29.49 23.44 13.77 8.66 2.40 0.08 

0.33 6.21 19.00 23.74 26.93 24.98 19. 70 11.44 7.24 2.10 0.08 

0.21 4.43 12.84 15.00 16.77 16.03 12.63 7.53 4.99 1.53 0.07 

0.06 1.85 5.70 6.10 6.68 6.17 5.30 3.42 2.57 0.79 0.03 

o.o 0.28 1.08 0.99 1.09 1.11 0.81 0.52 0.56 0.16 o.o 

- - --- -------- --o.o o.o 0..02- o.o o.o o.o o.o o.o . • -<>-01 o.o 0.0 _ ... -- -... 
- ---- -.. ................ 

-o.o o.o 0 o.o o.o o.o o.o 0.0 o.o 0.0 o.o ... 

I ~;ode Area 0.833 1n2 (8.968 ft 2) 
0.587 m2 

0.833 m2 (8.968 ft 2) 
(6.324 ft 2) 

Receiver Walls 

Figure B-1 Receiver Cavity Heat Fluxes, 8:00 Day 58 
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Figure B-1 (aonat) 

Incident Flux~ W/cm2 

0.47 0.73 

6.33 5.58 

12.75 10.59 

13. 71 11.55 

Receiver Roof 
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Day: 58 

Time: 1000 

Total Incident Power: 13.18 MW Average Cosine: 0,8488 

Incident Flux, W/cm.2 

o.o 1.50 21.87 37.51 43.11 43.07 35.92 25.49 16.28 2.50 0.03 

0.02 3.58 30.44 44.27 49.79 50.19 41.34 28.83 19.29 3.41 0.05 

0.18 6.37 33.73 47.07 55.12 54.18 44.77 29.09 18.76 3.75 0.05 

0.40 9.16 35.95 49.83 59.40 56.99 46.91 28.50 17.06 3.76 0.09 

0.43 9.69 33.18 43.35 50.52 48. 71 39.67 24.00 14.43 3.46 0.11 

0.25 6.52 21.44 25. 72 29.08 28.96 23.53 14.86 9.61 2.44 0.07 

0.06 2.30 8.26 8.95 9.85 10.35 8.31 5.62 4.18 0.94 0.01 

0.0 0.24 1.16 1.18 1.34 1.45 .1.06 0.61 0.53 0.09 o.o 

-- ·- - ~--- .__ 

o.o 0.0 o.o - i--o-:'"o o.o o.o o.o O:o- . .. - .Q..O o.o 0.0 -- --... _ 
- --.... --·- ""-- -- .... ~-o.o o.o o.o o.o o.o o.o o.o o.o 0.0 0.0 o.o 

I !;ode Area 0.833 m2 (8.968 ft 2) 
0.587 m2 

0.833 m2 (8.968 ft 2) (6.324 ft 2) 

Receiver Walls 

Figure B-2 Receiver Cavit-y Heat Fluxes, 10:00 Day 58 
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~- Incident Flux, W/cm2 
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00 
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0.08 

Figure B-2 (aonoZ) 

0.43 0.82 

10.13 9.66 

22.18 19.78 

24.59 22.10 

Receiver Roof 
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Day: 58 

~ 
t-', Time: 1200 
~ 
ij Total Incident Power: -i~s~-K6K60!,L..lMW:;!!!... ____ _ 
~ 

Average Cosine: 0,9437 __ ....._..c,.... ____ _ 

~ 
~ 

Incident Flux, W/cm2 

o.o 1.40 24.41 43.05 50.75 52.58 44.30 

0.01 3.47 33.94 50.43 57.68 60.38 49.99 

0.16 6.48 37.40 53.87 64.84 65.54 55.47 

0,39 9.68 40.57 58.79 72.73 71.91 61.lE 

0.42 10.36 37.97 51.46 61.74 61.66 51.9( 

0.24 6.75 23.79 29.16 33.38 34.14 28.3~ 

0.05 2.20 8.42 9.11 9.86 10.51 8.3~ 

o.o 0.19 1.01 1.03 1.12 1.19 0,8l 

-i-- ·-~-- _..,_ _._ 

o.o o.o o.o- i.-- o.o o.o o.o o.o --- --~-
l----o.o o.o o.o o.o o.o o.o o.o 

I ~,o;ie Area 0.833 m2 (8.968 ft 2) 
0.587 m2 
(6.324 ft2) 

Receiver Walls 

Figure B-3 ReoeiveP Cavity Heat Fluxes, 12:00 Day 58 

33.31 21.80 2.48 o.o 

36.94 25,56 3.40 0.01 

37.02 23.63 3.54 o.o 

38.03 21.52 3.73 0.03 

32.56 18.68 3.69 0.05 

18.65 11.87 2.41 0.03 

5.76 4.18 0.66 o.oo 

0.43 0.26 0.22 o.o 

o.rr- . "" - o.o o.o 0.0 --~ p,,- - -
p,, - --0.0 0.0 o.o o.o -

0.833 m2 (8.968 ft2) 
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'\ o.o I 0.07 

'\. 0.26 I 4.88 

Figure B-3 (concl) 

Incident Flux, W/cm2 

I 0.34 I 0.64 I 0.76 I o.o 

I 10.93 I 10.95 I 8.25 

25.28 23.88 18.54 

28.94 27.12 

Receiver Roof 
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Day: 58 

Time: 1400 

~ Total Incident Power: -=1~5~·=28~2;;;;..;;.MW;;;;.;... ____ _ 

1 Incident Flux, W/cm.2 
Average Cosine: 0.9798 ____ .;._ ___ _ 

~ 
o.o 1.39 22.25 40.06 48.67 51.68 44.12 34.65 23.26 2.14 o.o 

Ill,. 

0.01 3.33 31.00 47.00 55.33 59.29 49.47 38.05 27.05 2.94 o.o 

0.16 6.09 34.46 50.69 62.85 64.97 56.08 38.06 24.11 2.89 o.o 

0.38 8.99 37.50 55.81 71.58 73.03 63.9B 40.59 22.14 3.18 0.01 

0.41 9.55 34.98 48.77 60.64 62.52 54.12 35.13 19.79 3.33 0.02 

0.23 6.25 21.92 27.40 32.00 33.34 28.02 18.93 11.97 2.01 0.01 

0.05 2.09 7.80 8.43 8.96 9.49 7.35 5.01 3.48 0.40 o.o 

o.o 0.19 0.95 0.93 0.94 0.96 0.64 0.29 0.12 o.o o.o 
--- - -- -- ----- - - .. -- -

O.D- - ... -o.o --o.o o.o o.o o.o o.o o.o o.o .. --0..Q. o.o -- .. . 

---o.o o.o 0.0 o.o o.o 0.0 o.o o.o o.o o.o ~o:-o- -

I :,ode Area 0.833 m2 (8.968 ft2) 
0.587 m2 

0.833 m2 (8.968 ft 2) (6.324 ft 2) 

Receiver Walls 

FiguPe B-4 Reaeivex- Cavity Heat FZu:r:es, 14:00 Day 58 
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Figupe B-6 Reaeiver Cavity Heat FZu:r:es, 8:00 Da:y 80 
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Figure B-7 Receiver Cavity H~at Flu:ces, 10:00 Day 80 
~ 



b:I 
I .... 
v, 

'>:l .... 
(Q 

~ 
~ 

tJj 
I 
~ 

--.. 
Q 
C) 

~ 
~ -

\. 0.0 I 0.08 

"n "l'l I /, 7,;: 

Figure B-7 (aoncZ) 

Incident Flux, W/cm2 

I 0.43 I 0.80 I 0.80 I o.o 

I 10.26 I 9.83 I 7.0 

22.30 20.01 14.78 

24.55 22.19 

Receiver Roof 



td 
I 
I-' 

"' 

"aj 
t>, 

CQ Total Incident Power: 15.482 MW 
~ --------
Oj 
I 

(X) o.o 

0.02 

0.18 

0.40 

0.44 

0.25 

0.06 

o.o 

1.47 24.16 

3.57 33.48 

6.54 36.75 

9.64 39.47 

10.28 36.78 

6.78 23.30 

2.29 8.50 

0.22 1.09 

Incident Flux, W/cm2 

42.49 50.28 52.17 

49.62 57.01 59.79 

52.69 63.60 64.49 

56.94 70.72 70.19 

49.80 60.09 60.23 

28.60 32.91 33. 71 

9.22 10.01 10.62 

1.10 1.19 1.25 

Day: 80 

Time: 1200 

Average Cosine:_0.;..;..;.9~3~3~3 _____ _ 

44.15 33.41 22.01 2.46 o.o 

49.66 36.98 25.78 3.41 0.01 

54.73 36.77 23.70 3.56 o.o 

59.99 37.56 21.44 3.74 0.03 

50.94 32.16 18.62 3.70 0.05 

28.08 18.S4 11.88 2.43 0.02 

8.43 5.82 4.23 0.67 o.o 

0.88 0.45 0.27 0.02 o.o 
--- -·- - ·- .... ---- - -

o.o o.o o.-0- o.o o.o o.o o.o 0.0 .. • - .Q..jl_ o.o o.o 
- - _,, -- .. ·------

.. __ 
--

o.o o.o 0.0 0.0 o.o o.o o.o 0.0 o.o o.o o.o 

I ~ode Area 0.833 m2 (8.968 ft 2) 
0.587 m2 

0.833 m2 (8.968 ft 2) 
(6.324 ft 2) 

Receiver Walls 

Figure B-8 Reaeiver Cavity Heat FZu:xes, 12:00 Day 80 
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Total Incident Power: 12.443 MW _ _;_.....:..;;,_;;:;;_ ____ _ Average Cosine:_0~-~7~8~6~2=-------
Incident Flux, W/cm2 
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Fi.guzae B-12 Receiver- Cavity Heat FZ.u:r:es~ 10:00 Day 172 
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Figure B-13 Receiver Cavity Heat FZu:x:es, 12:00 Day 1?2 
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Figu:r-e B-14 Reoeiver Cavity Heat FZu:ces~ 14:00 Day 172 
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Figure B-15 Reaeiver Cavit;y Heat Flu:x:es, 16:00 Day 172 
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355 Day: ___ ....;_ _____ _ 

Time: 0800 

Total Incident Power: 4.803 MW .....;._.;..;;.. ______ _ Average Cosine: 0.7315 ___ ....;.. ____ _ 
Incident Flux, W/cm2 

o.o 0.77 8.35 13,89 15.65 14.97 12.29 8,03 4.90 1~03 0.02 

0.01 1.73 11.71 16.75 18.65 17.94 14.52 9.32 5,95 1.39 0.04 

0,09 2.87 13.31 18,09 20.67 19.61 15.76 9.65 6.12 1.57. 0.05 

0,19 3.89 14.04 18.68 21.58 20.05 15.93 9,29 5.72 1.54 0.05 

0.20 4.02 12.74 16.08 18.27 17.00 13.39 7.75 4.82 1.35 0.05 

0.12 2.81 8.49 9~98 11.15 10.72 8.45 5,04 3.30 0.98 0.04 
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0,833 m2 (8,968 ft 2) (6.324 ft 2 ) 

Receiver Walls 

Figwoe B-16 Receive~ Cavity Heat Fl-u:tes, 8:00 Day 355 
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355 
Day: 

Time: 1000 

Total Incident Power: 13.116 MW Average Cosine: 0.8629 

Incident Flux, W/cm2 

0.0 1.41 21.56 37.17 42.62 42.53 35.32 24.79 15.63 2.46 0.03 

0.01 3.39 30.18 44.13 49.57 49.90 40.96 28.26 18.64 3.31 0.05 

0.15 6.17 33.76 47.49 55.63 54.55 44,95 28.90 18.33 3.65 0.05 
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Figure B-1? Receiver Cavit;y Heat Flu:ces, 10:00 Day 355 
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Day: 355 

Time: 1200 

Total Incident Power: 15.769 MW Average Cosine: 0.9502 
Incident Flux, W/cm2 

o.o 1.36 24.50 43.29 50.83 52.43 44.03 32.76 21.17 2.53 o.o 

0.01 3.35 34.25 51.00 58.16 60.62 50.05 36.55 24.90 3.43 0.01 

0.14 6.41 38.03 55.06 66.16 66.57 56.08 37.04 23.34 3.58. 0.01 

0.36 9.75 41.81 60.83 74.87 73.65 62.23 38.31 21.47 3.73 0.03 

0.41 10.44 39.25 53.23 63.43 63.05 52.70 32.74 18.64 3.66 0.06 

0.22 6.69 24.27 29.74 33.82 34.55 28.56 18.68 11.80 2.38 0.03 

0.04 2.08 8.32 8.99 9.73 10.42 8.26 5.73 4.14 0.65 o.o 
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Figure B-18 Reaeiver Cavity Heat FZuxes, 12:00 Day 355 
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Day: 355 

Time: 1400 

Total Incident Power: 15.014MW ----------- Average Cosine: __ 0~-~9~8=3=8~----
Incident Flux, W/cm.2 

0.0 1.32 21.88 39.45 47.60 50.25 42.75 33.17 21.95 2.16 o.o 

0.01 3.16 30.66 46.55 54.44 57.99 48.27 36.64 25.65 2.94 0.0 
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Figu:pe B-19 Receiver Ca:vity Heat Fluxes, 14:00 Day 355 
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Figure B-20 Receiver Cavit;y Heat FZu:r:es, 16:00 Day 355 

/ 



b:t 

!-
1-' 

~ Incident Flux, W/cm2 

1 
~ 

w 
I 

I:\:) 
C::) 

-g 
5 
~ 
'--

Figuzae B-20 (concZ) 

0.21 0.28 

4.05 4.25 

9.37 9.42 

11.18 11.04 

Receiver Roof 



1.0 

1.1 

GENERAL 

SCOPE 

This specification defines the system and subsystem characteristics, 
design requirements, system environmental requirements, and plant con
ceptual design data requirements for a Solar Thermal Central Receiver 
Enhanced Oil Recovery System. 

1.2 SYSTEM DESCRIPTION 

1.2.1 

For the purpose of the Exxon Edison Field Solar Thermal-Enhanced Oil 
Recovery (STEOR) conceptual design project, solar retrofit will consist 
of the following major elements: 

1) Site; 

2) Site facilities; 

3) Collector subsystem; 

4) Receiver subsystem; 

5) Fossil energy subsystem; 

6) Field piping subsystem; 

7) Modes of operation. 

Site 

The site chosen for installation of the heliostat field is Exxon Cor
poration's lease E-808794. This lease is located at the intersection 
of Tejon Highway and Hermosa Road in Edison, California, and is totally 
owned and operated by Exxon. The lease covers an area of 323,717 m2 
(80 acres) and is 402.32 x 804.63 m (1320 x 2640 ft) in size. There 
are 32 existing wells in the field (Fig. C-1). For steam drive opera
tions, 24 additional wells will be drilled (Fig. C-1). 

To permit normal oil field operations, a 9.1-rn (30-ft) wide access road 
is required along each row of wells (Fig. C-2). When additional wells 
are drilled, a 30.48 x 60.96-m (100 x 200-ft) space will be required 
around the planned well site to allow for drilling operations. Helio
stats in this space will be removed for drilling operations and re
placed after the wells have been drilled. A distance of 21.33 m (70 
ft) must be allowed from the center of Tejon Highway and Hermosa Road. 
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l FiguPe C-1 Areas of Opex-ation 

The site is flat, free from rock, and well drained. The Uniform B~ild
ing Codes put the soil of the site in Class 4 (SC), sand and clay. 

There are no zoning or other use restrictions on the site. , Kern County 
Airport is located approximately 32.2 km (20 mi) ·to the northwest of 
the site. The site is outside the airport control zone. Figure C-3 
shows the major access highways in the Bakersfield area. 

1.2.2 Site Facilities 

The site facilities for the Edison field solar industrial retrofit are 
described in this subsection. 
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- Area To Be Free of Equipment 

- Road Clearance for Tejon Hermosa - 0.258 x 105 m2 

(0.277 X 106 ft 2) 

- Access Roads to Wells• 0.589 x 105 m2 (d.634 x 106 

ft 2) 

- Access Around New Wells• 0.286 x 105 m2 (0.308 x 106 
ft 2) 

- Total Lease Area• 3.237 x 105 m2 (3.485 x 106 ft 2 ) 

- Typical Location of New Wells in Relation to Existing Wells: 

• • 9.1 m 
(30 ft) 

--------------rt 

r---t~o~ ft)7 
r~---------, 

30. 5 m I : 
(100 ft) I ® 1 

j_~----------~ 

• 
Legend: 
• Existing Wells 

® New Well 

! 9.1 m 
(30 ft) 

f 

• 

Figu.Pe C-2 RequiPed Aaaess and Open APea on CoPpoPation Fee E-808?94 

The Operations building will provide an area for the display, control 
and data acquisition equipment related to the solar system for control 
and data acquisition support and maintenance personnel. The Operations 
building will also provide space for storage and maintenance of the so
lar system equipment. 

A security fence will be installed around the outer perimeter of the 
solar system. The fence will also serve as a shield against stray re
flected glare. 
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FigWoe C-3 BakersfieZd Area Map 
Scala: D • 1 MIia 

The utility serving the field is Pacific Gas and Electric Co. An ex
isting substation at the southwest corner of section 13 is rated for 
1900 kW. Currently the maximum load is 500 kW. Incremental require
ments for STEOR will be easily acconnnodated. Electric power is brought 
to the site by overhead cab 1 e on utility poles a long Hermosa Roa.d. 

1.2.3 tollector Subsystem 

The collector subsystem is composed of an array of heliostats for the 
concentration of solar thermal radiation on the receiver and includes 
the following equipment: 

1) Heliostats, including reflective surface, structural support, drive 
units, control sensors, pedestals, foundations, cabling, and cable 
array installations; 
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2) Electromechanical and electrical controllers, including individual 
heliostat and heliostat field controllers, control system interface 
electronics, and power supplies. 

The primary requirement for the collector subsystem is to direct solar 
radiation onto the receiver absorber surfaces in a cost effective man
ner consistent with receiver incident heat flux requirements. The col
lector subsystem includes a heliostat array containing 818 second-gen
eration heliostats in a radial staggered pattern as shown in Figure 
C-4. The heliostat can be considered as a 12-facet, glass/steel, in
verting stow unit with a reflective area of 49~05 m2 (528 ft2). 
Interruptions in the heliostat spacing resulted from a requirement to 
provide a clearance of 9.1 x 9.1 m (30 x 30 ft) around all oil wells 
for normal maintenance and operations access. In the normal operating 
mode, each heliostat rotates in azimuth and elevation angles to aim re
flected insolation on the receiver. 

Number of Heliostats = 818 

Tower Height• 90 m (295.3 ft) 

EDISON FIELD ENHANCED OIL RECOVERY SYSTEM 

SOLAR RETROFIT CONCEPT 

LEGEND 
O= Heliostat 
0= Tower 
Ell= Old Well 
i2"l= New Well 

"" ...., f---f-----+-

s .:;-..... 
'° ,o· 
co "' N ,.._ 
N'-' 

e .:;-
""' "' •O 

NO 

"'"' ,........., 
,..._ .., 

s ..... 
NO 

-·-4----- ··-··-+-·--··-.,-----· -~ 

Ell 
I 

. ' ' 
~-f---~---+-- ___ _..J_ ___ ___,:_ _____ __l ____ i--- - 1

•-- --------4-- ·- '----·-t··--J_- - ---- -

304.8 m 381.0 m 471.2 m 533.4 m 609.6 m 685.8 m 762.0 m 
(1000 ft) (1250 ft) (1500 ft) (1750 ft) (2000 ft) (2250 ft) (2500 ft) 

Figure C-4 CoUec:tor Field Arrangement 

The collector subsystem can also execute alternative drive modes in re
sponse to commands from the control system for emergency defocusing of 
the reflected energy or to protect the heliostat array against environ
mental extremes. The heliostats will require vertical positioning to 
provide access for normal well servicing. A complete specification for 
the heliostat is contained in Section 3.3.2. 
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1.2.4 Receiver-Subsystem 

The receiver subsystem provides a means of transferring the incident 
radiant flux energy from the collector subsystem into a suitable re
ceiver fluid. The receiver consists of an elevated receiver to inter
cept the radiant flux reflected from the collector and a steel tower 
structure to support the receiver. Water enters the preheat panels of 
the receiver at 15.60C (600F) and is heated to 148.90C (3000F). The 
heated water then enters the steam drum where it circulates through the 
boiler section to generate steam at 8.27 MPa (1200 psia) and 297°c 
(567°F). The receiver also includes the pumps, valves and control 
system within the tower structure necessary to regulate the fluid flow, 
temperature and pressure, and the control system components necessary 
for safe and efficient operation, startup, shutdown, and standby. 

A twin-cavity type receiver will be mounted on a steel tower. The re
ceiver apertures are offset 0.65 rad (37.5°) from the north axis and 
have a square opening of 5.5 m (18 ft). Figure C-5 shows a plan view 
and a cross section of the twin-cavity receiver. The receiver aper
tures are sized to provide the best combination of spillage and thermal 
losses. The cavity is insulated and aperture doors will be provided to 
reduce the receiver cooldown during nonoperating periods. 

Access to the receiver equipment will be provided for maintenance and 
inspection, provisions will be made for user safety, and the design 
will be consistent with the intent of the appropriate ASME boiler 
codes. Maintenance and personnel safety will be considered throughout 
the conceptual design. Piping and valves will be located to allow ac
cess for maintenance and removal. All platforms and openings will be 
protected by rails or safety chains. Lightning protection will be pro
vided. 

1.2.5. Field-Piping Subsystem 

The field piping subsystem is composed of the piping and piping-related 
items required to transport the steam produced by the solar receiver to 
the injection wells (including receiver tower piping). The piping-re
lated items include: 

1) Pipe insulation; 

2) Pipe supports; 

3) Valves; 

4) Items required to accommodate thermal expansion. 

The field piping subsystem will be designed so the pressure at any well 
is within acceptable limits and so the piping heat loss is the economi
cal minimum. 
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1.2.6 Modes of ·0perat .. !~ 

Operation of the solar power system in a TEOR application where there 
is no EPGS or storage (other than the oil reservior itself) is rela
tively simple. Normal operation of the process will entail the follow
ing basic operating modes for the solar power system: 

1) Cold startup - The system is started when the receiver is at near
ambient pressure and temperature after an extended shutdown due to 
multiple sunless days or equipment repair. Solar power must be 
brought on gradually in a defined sequen~e; 

2) Hot startup - This is the dominant mode of startup on a daily ba
sis. After a single night of shutdown, the insulated receiver re
mains in a hot, pressurized condition the next morning and can im
mediately react to full solar input at startup; 

3) Steady-state operation - This mode begins at the time nominal oper
ating pressure and temperature are reached after either a cold or 
hot startup has been completed and continues until either a normal 
or an emergency shutdown is initiated. During steady-state opera
tion the system will react to the normal insolation transients oc
curring over a typical day; 

4) Normal shutdown - The system is brought to an anticipated shutdown 
that is caused by insufficient insolation at the end of a day or 
cloudiness or by a noncritical malfunction somewhere in the sys
tem. The shutdown terminates in the normal stow condition for all 
subsystems; 

5) Emergency shutdown - The system is brought to an unanticipated 
shutdown due to a critical malfunction. The collector field is 
directed to a safe standby condition, which removes all heat flux 
from receiver and tower; 

6) Standby - This mode defines a condition in which the collector sys
tem is fully operational but the receiver is shut down. The col
lector field is tracking two points in space--half the heliostats 
track a point slightly to the east of the receiver and half track a 
point just west of the receiver. This is an intermediate mode from 
which insolation can be quickly applied to the receiver or from 
which the collector system can proceed to the stow condition. 

1.3 DEFINITION OF TERMS 

Beam Pointing Error - The angular difference between the aim point and 
the beam centroid of the heliostat. 
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Capacity Factor, Annual, Nonsolar+ - Annual nonsolar MWh divided by the 
product of 8760 hand plant or unit rating* in MW. 

Capacity Factor, Annual, Overall+ - Annual solar MWh plus annual non
solar MWh divided by the product of 8760 hand plant or unit rating* in 
MW. 

Capacity Factor, Annual, Solar+ - Annual solar MWh divided by the pro
duct of 876J hand plant or unit rating* in MW. 

Concentration Ratio - The ratio of the received energy on a small area 
from multiple surfaces with perfect reflectivity to that arriving from 
the sun often measured in "suns." Commonly used to refer to the ratio 
of aperture-to-receiver areas. 

Demand - The power versus time profile of the energy required to satis
fy the energy needs of the end use consuming process. 

Design Point - The time and day of the year at which the system is 
sized with reference insolation, wind speed, temperature, humidity, 
dewpoint, and sun angles. 

Direct Insolation - Nonscattered solar flux falling on a surface of 
given orientation (W/m2). 

Enhanced Oil Recovery - Use of any of a variety of techniques to remove 
oil from a reservoir after the natural rate of flow has become un
economica 1. 

Fl~id, Receiver - The fluid used to cool the solar receiver and dis
tribute the absorbed solar energy to other parts of the system; heat 
transport fluid of the receiver. 

Fluid, Working - The fluid used in the turbine or other prime mover. 

Geometric Concentration Ratio - The ratio of the projected area of a 
reflector system (on a plane normal to the insolation) divided by ab
sorber area. 

Heavy Crude Oil - Although no uniform definition exists, almost all 
TEOR production in the U.S. has an API gravity below 20°. Typical 
TEOR production is in the range of 12° to 17° API. 

Hlbrid·Sistem - A combination of solar and nonsolar technology to pro
vide a single plant system that is ca;able of continuous operation. 

+Note: For utility applications, MWh electrical net from respective 
source. For industrial process heat, MWh net, thermal. 

*Usually nameplate unless otherwise specified. Additional reference, 
EPRI PS-1201-SR, Special Report, July 1979. 
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Injection/Production Tubing - Steel pipe inserted into well bore for 
injecting steam or removing oil. 

Levelized Energy Cost - The cost per unit of energy that, if held con
stant throughout the life of the system and multiplied by the total 
system energy output, exactly expresses the after tax expenses en
curred, including return on investment. 

Oil/Steam Ratio - Number of barrels of oil produced per barrel of steam 
injected. 

Overburden - Nonoil-bearing geologic zone above oil bearing zone. 

Payback Period - A traditional measure of the economic viability of an 
investment project. A payback period is defined in several ways, one 
being the number of years required to accumulate fuel savings that ex
actly equal the initial capital cost of the system. Payback often does 
not give an accurate representation of total life-cycle values. 

Pointing Error - The difference between the aim point and the measured 
beam centroid for any tracking aim point (on target or at standby) un
der the specified operating conditions. 

Present Value - The present value of capital and operating costs (or 
annual savings) brought back over a given time period, such as the life 
of the plant, is a single value of the costs or savings at a reference 
time accounting for economic factors such as escalation rates and rate 
of return on the capital. 

Process Heat - Thermal energy that is used in industrial operations. 

Receiver-Efficiency - Ratio of thermal power from the output of the re
ceiver to incident solar power on the receiver. 

Reeowered/Industrial Retrofit Plant - A plant that uses central re
ceiver technology and solar energy to partially replace nonrenewable 
(fossil) fuels. 

Solar Flux - The amount of solar energy per unit of time flowing across 
a given area. Often imprecisely used to refer to irradiance (W/m2) 
or total incident insolation (J/m2 or kW-h/m2). 

Solar-Fraction, Annual - Ratio of solar energy to the process divided 
by the total energy consumption (annual average) measured at process 
heating end-use device inlet. 

Solar Fraction, Design Point - As above, at design point. 

Solar Multiple - Defined at the design point as thermal power from re
ceiver(s) after downcomer and piping losses divided by thermal power, 
prime mover, (defined under Thermal Power later). 
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Steam-Drive - Also called steam flooding. Steam is continuously in
Jected into a pattern of injection wells to lower viscosity and in
crease pressure, pushing oil out of a number of interspersed production 
wells. Normally steam drive operations are begun after steam soak op
erations have ceased to be economical. 

Steam Soak - Also called steam stimulation. Steam is pumped into a 
well for 7 to 10 days. This reduces oil viscosity, increasing produc
tion rates. A typical Bakersfield well would be steamed once every 12 
to 18 months. 

Thermal-Enhanced Oil Recovery - Use of heat to lower oil viscosity and 
increase reservoir pressure. Methods include steam soak, steam drive, 
hot water flood, and in situ combustion. 

Thermal Packer - Plug used to provide tight seal between bottom of in
jection tubing and well bore so steam does not escape upward. 

Thermal Power, Fossil Heater Output - Thermal power input to working or 
transport fluids from the fossil heater after stack and miscellaneous 
losses. 

Thermal Power, Prime Mover - Thermal power input to turbine or other 
prime mover at the design point. 

Thermal Power, Receiver Output - Thermal power derived from the re
ceiver. Does not include electrical parasitic or downcomer thermal 
losses. 

Well Bore - Well and casing, typically 9 to 10 in. in diameter. 
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2.0 REFERENCES 

The following documents, of the issue in effect on the date of the con
tract award, form a part of this specification to the extent stated 
herein. 

2.1 Standards and Codes 

Uniform Building Code - 1976 Edition by International Conference of 
Building Officials 

Occupational Safety and Health Act (OSHA) Regulations 

OSHA Title 29, Part 1910 - Occupational Safety and Health Standards. 

American Society of Mechanical Engineers (ASME) Boiler and Pressure 
Vessel Code 

Section I - Power Boilers. 

Section II - Materials Specifications. 

Section VIII - Unfired Pressure Vessels. 

American National Standard Institute (ANSI) 

B31.1 - Power Piping. 

B31.3 - Chemical Plant and Petroleum Refining Piping. 

Nuclear Regulatory Commission (NRC) Regulatory Guide 1.60. 

(NRC) Regulatory Guide 1.61 

Institute of Electrical and Electronic Engineers (IEEE) Codes, asap
plicable. 

National Fire Protection Association (NFPA). 

National Fire Codes - 1975. 

Human Engineering Design Criteria 

MIL-STD-810C. 

MIL-STD-1472. 

Design, Construction and Fabrication Standards 

Standards of American Institute of Steel Construction (AISC). 
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Standards of American Concrete Institute (ACI). 

Standards of Tubular Exchanger Manufacturer's Association (TEMA). 

Standard 650 of American Petroleum Institute (API)--Welded Steel 
Tanks for Oil Storage. 

2.2 OTHER PUBLICATIONS AND DOCUMENTS 

Environmental Legislation 

National Environmental Policy Act (NEPA). 

Collector Subsystem Requirements Spec Al0772, Issue C, November 
1979. 

2.3 LICENCES AND PERMITS 

Construction of the Solar-Enhanced Oil Recovery system will require the 
following licences, and permits: 

California Department of Transportation--Division of Aeronautics 
permit; 

Kern County building permits for each structure with structure 
specification for the tower and heliostats; 

Kern County Planning Office requires a zoning variance for any 
structure over 54.9 m, (180 ft) high; 

Site leveling requires a permit. 

2.4 APPLICABLE LAWS AND REGULATIONS 

National Energy Conservation Policy Act of 1978. 

Power Plant and Industrial Fuel Act of 1978. 

Public Utilities Regulatory Policy Act. 

Natural Gas Act of 1978. 

Decontrol Exise Tax Act of 1980. 
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Federal Aviation Administration (FAA) permit and special lighting 
for 100-m (328.1-ft) structure. 

Regional Water Control Board investigation of erosion into local 
streams. 
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3.0 REQUIREMENTS 

The solar repowered plant shall be designed to meet the performance re
quirements of this section. This specification is applicable as a de
sign requirement only to the new or modified portions of the plant. 

3.1 SITE PREPARATION 

Little special site preparation will be required because of the flat 
nature of the land. Some existing overhead utility lines must be re
routed and/or buried. 

3.2 SITE FACILITIES 

This section defines the requirements for s-ite facilities (other than 
those described under collector, receiver, and field piping subsystems) 
that must be added for solar retrofit. These areas include, but are 
not limited to, the general class of facilities described in the fol
lowing subsections. 

3.2.1 Operations-Building 

Includes collector and receiver controls, instrumentation and alarms. 
Also provides space for spares storage and maintenance. 

3.2.2 Security Fence 

Prohibits unauthorized access and protects passing motorists from re
flected glare. 

3.3 COLLECTOR SUBSYSTEM 

The collector subsystem shall reflect solar radiation onto the receiver 
subsystem in a manner that satisfies receiver incident power and heat 
flux requirements. The collector subsystem shall also respond to com
mands from the collector control subsystem for emergency defocusing of 
the reflected energy. The heliostats shall be properly positioned for 
repair or maintenance in response to either collector control or manual 
commands. Heliostat design shall provide for a stowed or _safe position 
for use at night, during periodic maintenance and during adverse 
weather conditions. The collector subsystem shall be designed in co
ordination with receiver design and to provide energy to the receiver 
fluid consistent with the end energy requirements of the plant. 
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3.3.1 Collector Field 

The collector field design shall provide an optimum heliostat layout 
considering 

1) Heliostat capital cost; 

2) Operating and maintenance cost; 

3) Field wiring cost; 

4) Land aviilability; 

5) Land cost; 

6) Heliostat performance; 

7) Receiver aperture size; 

8) Receiver tower height; 

9) Reliability; 

10) Shading and blocking; 

11) Atmospheric attenuation; 

12) Sun position. 

The collector field in Figure C-4 was derived by using RCELL and relo
cating heliostats that were displaced by oil wells. The collector 
field contains 818 49.05-m2 (528-ft2) heliostats located within a 
3.62-rad (1500) segment to the north of the receiver. 

3.3.2 Heliostat Performance, Reference Collector Subsystem Requirements No. 
Al0772 

There are some differences in environmental conditions at the Bakers
field site from the conditions at the site stated in the Collector Sub
system Requirements (CSR). The different conditions are tabulated. 

Bakersfield Site CSR Site 

Seismic Zone 4 Zone 3 
Temperature -6.7 to 46oc 0 to 50°c 

( 20 to 1150F) (32 to 122°F) 
Rain - Average Annual 150 mm (5.8 in.) 750 mm (30 in.) 

Maximum 24-h 
Rate 40 mm (1.68 in.) 75 mm (3 in.) 

Snow Loads 3.81 kg/m2 24.4 kg/m2 
(0.78, lb/ft2) (5 lbs/ft2) 
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3.3.3 Collector Control 

The collector control shall function as appropriate for all steady
state modes of plant operation. This shall include the capability of 
controlling the number of heliostats in the tracking mode to vary the 
redirected flux to the receiver between zero and the maximum achievable 
level. 

3.4 RECEIVER SUBSYSTEM (INCLUDING TOWER) 

The receiver subsystem shall provide a means of converting the incident 
radiant flux energy from the collector subsystem into steam suitable 
for use in the STEOR process. The supporting steel tower is also con
sidered to be a part of the receiver subsystem. The receiver and tower 
shall be designed to provide access for maintenance and inspection of 
tower structure receiver, receiver fluid, instruments and controls, 
power conversion equipment that may be located on the tower, utilities, 
etc. Adequate provisions shall be made to ensure crew safety at all 
times for required operations, inspection, maintenance, and repair. 
The receiver design shall be consistent with the intent of appropriate 
ASME boiler codes. 

3.4.1 Configuration 

The twin-cavity configuration has two 5.5 x 5.5-m (18 x 18-ft) aper
tures that are rotated 0.65 rad (37.50) from the nQrth axis as shown 
in Figure C-5. Each cavity is 4.5 m (14.8 ft) in depth and shares a 
common wall that is on the north-south axis. Portions of the common 
wall and ceiling are preheat panels while the remainder of the cavity 
walls are boiler panels. 

3.4.2 Receiver Fluid Specifications 

The water supply for steam generation is provided from an Exxon-owned 
and -operated well. This well draws water from a depth of 304.8 m 
(1000 ft). The water is treated in units containing ion exchange 
beds. Water quality before and after treatment is tabulated. 

Impurities As Produced from Well, ppm Posttreatment, ppm 

Calcium 54.4 0.5 
Magnesium 12.6 0.5 
Sodium 50.6 210.0 
Bicarbonates 298.9 0 
Chlorides 36.1 326 
Sulphates 2.2 0 
Nitrates 0.44 0 
Total Hardness 
as· caco3 187.66 0.5 

pH 7.4 9.0 
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The posttreatment water quality is to be used for receiver design. 

Approximately 238.4 m3 (1500 barrels) of water per day will be re
quired for the solar system. 

3.4.3 Receiver Criteria 

The receiver shall be a natural-circulation boiler, twin-cavity type 
designed to use water/steam as the receiver fluid and sized to deliver 
29.3 MWt (100 xl06 Btu/h) to the field piping subsystem at the design 
point (noon day 58). However, the receiver can operate on as low as a 
3.52-MWt (12 x 106-Btu/h) flux from the collector subsystem. The 
peak allowable absorbed heat flux on the boiler panels is 69.4 W/cm2 
(220,000 Btu/h-ft2), while the preheat panels have an allowable 
peak absorbed heat flux of 34.7 W/cm2 (110,000 Btu/h-ft2). 

Power distribution within the receiver at the system design point is 
shown in Table C-1. Under normal operating conditions water enters the 
preheat section at 15.6°c (60°F) and exists the preheat section in-
to the steam drum at 148.9°c (300°F). The boiler section then con
verts the water into saturated steam at a pressure of 8.27 MPa (1200 
psia) and a temperature of 2970C (5670F). Continuous drum blowdown 
is required to maintain acceptable boiler water purity. The drum blow
down steam is injected into the steam outlet line, resulting in a re
ceiver steam outlet quality of 82%. 

The receiver was designed to meet the ASME boiler and pressure vessel 
codes called out in Section 2. The total dry receiver weight, includ
ing support structure and enclosure, is 128.2 Mg (282.7 klb). 

3.4.4 Tower eriteria 

The tower that supports the receiver, piping, and other elements of the 
receiver subsystem shall have the following characteristics: 

1) Tower height, 90 m (295 ft); 

2) Structural type, Steel, 4 support legs, 12.2-m (40-ft) 

3) Environmentally induced structural criteria, 
Wind-induced moment, 1.263 x 108 Nm (93,200 kip-ft), 
Seismic-induced moment, 9.228 x 107 Nm (68,100 kip-ft); 

4) Maximum weight to support, 139.4 Mg (307,300 lb). 

3.4.5 Receiver Control 

The receiver control consists of a feedwater regulator, an output pres
sure regulator, and a blowdown regulator. Figure C-6 shows the re
ceiver schematic with the control subsystem. 
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TabZe C-1 Design Point Heat FZu:,:es, Noon, Day 58 

Incident Heat Flux, W/cm2 

Northeast Wall Back Wall North Wall 

Inactive Active Active Inactive 

0.0 1.29 23.1 41.9 49.8 51.0 43. 2 31. 3 19.9 2.86 0.01 

o.o 2. 79 31.9 49.3 56.6 58.8 48. 9 35.5 23.8 3.84 0,03 

0.02 4.88 36.1 51.8 60.0 62.1 52.0 36 .4 24.5 4.40 0.03 

0.11 7.42 38.0 54.4 66.1 66.1 55.7 36. 3 23.1 4.55 0.03 

0.23 9.86 40.2 57.7 71.1 69.7 58.6 36.2 21.5 4.60 0.04 

0. 31 11.0 39.6 54.5 66.1 64.8 53.9 33.0 19.5 4.45 0.07 

0.29 9.41 32. 3 41.4 48.7 48.7 40.4 25.3 15.6 3.80 0.08 

0.18 5.86 19.9 23.8 27.2 28.1 23.3 15.3 10.2 2.52 0.06 

0.07 2. 36 8.69 9.47 10.4 11.2 9.18 6.57 4.92 1.07 0.02 

0.01 0.44 1.99 2.02 2 .43 2.63 1.91 1.11 1.06 0.19 o.o 
o.o 0.01 0.21 0.45 0,23 0.05 0.0 o.o 
Insolation = 950 W/m2 ' 

Incident Heat Fluxes, W/cm2 Floor Inactive 

Roof 0.0 0.01 o.o 
Inactive 0.03 0.29 0.38 0.0 0.01 o.o I 

0.28 4.94 11.2 11. 3 8.28 1.06 

Active 19.9 25.5 23.9 17.9 

29.3 29.0 27 .o 22.4 

Insolation 950 W/m2 

Total Incident Power 15.6 MWt (per Cavity) 

Feedwater is controlled by a feedwater regulator that matches feedwater 
flow to the total flow leaving the receiver, with a trimming override 
in response to drum level. The total flow leaving the receiver is de
termined by measurements of the blowdown flow and the saturated steam 
flow. The blowdown flow is regulated by a preset blowdown ratio with 
reference to the measured feedwater flow. Output pressure is maintain
ed by a control valve in accordance with a feedback signal from a pres
sure sensor. All receiver controls can be operated either in a fully 
automatic mode or by manned override at the operator's discretion. 
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If the receiver should reach a critical condition, an emergency shut
down signal is sent to the collector subsystem to put it in a standby 
mode. From the standby mode the collector field can either be stowed 
or returned to normal tracking, depending on the condition of the re
ceiver. 

3.5 FIELD PIPING 

The field piping must transport and distribute steam from the receiver 
to the injection well at a pressure in the range from 5.5 to 6.7 MPa 
(800 to 1000 psia) and a maximum heat loss of about 1% of the design 
power. 

3.6 SERVICE LIFE 

The solar power system shall be designed for a 26-year service life 
with only minimal repair and maintenance. 
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3.7 PLANT AVAILABILITY AND RELIABILITY 

The system shall be designed for 95% plant availability, based on docu
mented reliability and maintainability assessment, exclusive of insola
tion condition. In the design, consideration shall be given to achiev
ing high reliability by providing design and operating margins and 
utilizing sound engineering design practices. 

3.8 MAINTAINABILITY 

The solar repowered plant modifications and new installations shall be 
designed to be compatible with normal plant maintenance and practices. 
Potential maintenance locations shall be easily reached and components 
such as electronic units, motors, drivers, valves, sensors, etc readily 
replaceable. Elements subject to wear and damage, such as supporting 
wheels, gears, seals, etc shall be easily serviced or replaced. The 
plant shall be capable of being serviced with a minimum of specialized 
equipment and tools. Preventive maintenance procedures shall be sched
uled for performance during nighttime or other nonoperative periods. 

3.9 SPECIALIZED EQUIPMENT 

Specialized equipment will be required for the removal and reinstalla
tion of heliostats for the drilling of wells. A standard forklift will 
be used with a special lifting device to hold the heliostats. 

3.10 SPECIALIZED REQUIREMENTS 

A solar power system in a production oil field creates a special re
quirement. When wells are drilled, an area around the drilling site 
will need to be cleared of heliostats for the drilling operation. Af
ter the drilling is completed the heliostats will be reset·at their 
former location. Six wells will be drilled each year for three years 
in the heliostat field. Also normal oil well operations (well casing 
replacement) will require the removal of heliostats to service the 
wells periodically over the life of the field. 
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3.11 DESIGN AND CONSTRUCTION 

All governing codes will be used during the design and construction of 
the solar power system. 

3.12 MATERIALS, PROCESSES AND PARTS 

To the maximum extent possible, standard materials and processes and 
off-the-shelf components shall be used. Wherever possible, commercial 
specifications shall be employed. All noncommercially available parts 
shall be defined and documented in deliverable documents. 

3.13 ELECTROMAGNETIC RADIATION 

The master control subsystem wiring shall be designed to minimize sus
ceptibility to electromagnetic interference and to minimize the genera
tion of conducted or radiated interference. 

3.14 FLAMMABILITY 

In the high-temperature low-humidity environment of a typical desert, 
the solar equipment shall not be vulnerable to extensive fire damage. 

Should a fire exist in any part of the equipment, the fire should not 
damage any other equipment that is not directly adjacent to the fire by 
burning of the equipment or wiring. If any equipment or any part of 
the equipment burns for any reason, the fire should not spread to other 
parts of the solar system due to blowing winds, component explosions, 
or any other means. 

3.15 NAMEPLATES AND PRODUCT MARKING 

All major elements and assemblies shall be labeled with a permanent 
nameplate, listing as a minimum the manufacturer, part number, serial 
number, and date of manufacture. 
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3.16 WORKMANSHIP 

The level of workmanship shall conform to practices defined in the 
codes, standards, and specifications applicable to the Edison site Ind 
Exxon, USA. Where specific skill levels or certifications are re
quired, current certification status shall be maintained with evidence 
of the status available for examination. All work shall be finished in 
a manner that presents no unintended hazard to operating and mainten
ance personnel, is neat and clean, and presents a uniform appearance. 

3.17 INTERCHANGEABILITY 

Items with a common function shall have a common part number and be in
terchangeable. Components with a similar appearance, but different 
functions, shall incorporate protection against inadvertent erroneous 
installation. 

3.18 SAFETY 

The solar system shall be designed to m1n1m1ze safety hazards to oper
ating and service personnel, the public, and equipment. Electric com
ponents shall be insulated and grounded. All components with elevated 
temperatures shall be insulated against contact with personnel. Any 
moving elements shall be shielded to avoid entanglements and safety 
override controls/interlocks shall be provided for servicing. 

3.19 HUMAN ENGINEERING 

The solar system shall be designed to facilitate the manual operation, 
adjustment, and maintanance needed and provide the optimum allocation 
of functions between personnel and automatic control. The solar system 
design shall provide electrical and electronic packaging that ensures 
rapid repair and replacement, placarding of hazardous work areas, and 
equipment for item removal and ·handling. MIL-STD-1472, Human Engineer
ing Design Criteria, shall be used as a guide in designing equipment. 
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4.0 ENVIRONMENTAL CRITERIA 

The environmental criteria of this section are to be used in establish
ing the system design, operating, maintenance, performance, and relia
bility characteristics of the equipment described in Section 3. 

4 .1 OPERATING 

The system will be capable of operating in appropriate combinations of 
the following environments: 

1) Temperature--The plant will be capable of operating efficiently 
within the ambient temperature range of -6.7 to 460C (20 to 
1150F), which is an extreme temperature range for the Bakersfield 
area; 

2) Wind--The plant shall be capable of operac1ng with a wind speed of 
16 m/ s (35 mph). 

3) Earthquake--Peak operational ground acceleration for UBC Zone 4 are 
0.30 g. This peak ground acceleration is combined with the re
sponse spectrum given by NRC Regulation Guide 1.60 and the damping 
values given for the operating basis earthquake in NRC Regulation 
Guide 1.61. 

4.2 SURVIVAL 

The system shall be capable of surviving appropriate combinations of 
the following environments: 

1) Wind--The plant shall survive winds with a maximum speed, including 
gusts of 40 m/s (90 mph), without damage. A local wind vector va
riation of +100 from the horizontal shall be assumed for the sur
vival conditions; 

2) Snow--The plant shall survive a static snow load of 3.81 kg/m2 
(0.78 lb/ft2) and a snow deposition rate equal to the maximum on 
record of 0.04 m (1.5 in.); 

3) Rain--The plant shall survive the rainfall conditions of average 
annual of 0.15 m (5.8 in.) and maximum 24-h rate of 0.04 m (1.68 
in.); 

4) Ice--The plant shall survive freezing rain and ice deposits in a 
layer SO-mm (2-in.) thick; 
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5) Earthquake--Peak survival ground acceleration for UBC Zone 4 is 
0.50 g. This peak ground acceleration is combined with the re
sponse spectrum given by NRC Regulation Guide 1.60 and the damping 
values given for the survival basis earthquake in NRC Regulation 
Guide 1.61; 

6) Sandstorm environment--The plant shall survive after being exposed 
to flowing dust comparable to the conditions described by Method 
510 of MIL-STD-810C or any other more appropriate condition; 

7) Lightning--The plant shall have a lightning protection system. It 
need not prevent the total distruction of a single heliostat and 
its controller when subjected to a direct hit, but the damage to an 
adjacent heliostat should be minimized. The central controller and 
the local controllers of heliostats adjacent to a direct lightning 
strike must be protected or alternative control methods must be 
provided to minimize the loss of collector subsystem control. 

4.3 ENVIRONMENTAL STANDARDS 

The plant shall meet the emission requirements of Kern County, the 
State of California and the National Standards for each contaminant. 
The air quality emission limits include: 

1) Sulfur--For units constructed after 2/21/79, the limit is 0.027 kg 
(0.06 lb) sulfur and 0.054 kg (0.12 lb) S02 per MBtu of heat 

2) 

unit, set by CARB.* Kern County (Rule 407) sets a limit of 2000 
ppm SOx in gas discharge from any source using fossil fuel re
gardless of size; 

NOx--The plant will meet the controls 
erators now being considered by CARB. 
tions correspond to approximately 350 
flue gas at 20% excess air; 

for NOx on oil field gen
The county emision regula

volumetric ppm N02 in the 

3) Hydrocarbons--Kern County has a regulation that requires 93% re
covery of all condensable hydrocarbons from steam drive production 
wells. This corresponds to 550 ppm for hydrocarbons as for parti
culates, in the flue gas at 20% excess gas; 

4) CO--The county has a carbon monoxide limit for oil field steam gen
erators of 68 kg/h (150 lb/h) maximum discharge; 

5) For oil field steam generators, there is a maximum discharge limit 
set by county Rule 210.1 of 6.8 kg/h (15 lb/h) for each contaminant 
including SOx, NOx, particulates and hydrocarbons. 

*California Air Regulatory Board. 
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4.3.1 Water·Pollution·Standards 

The plant will comply with any regulations the government may set for 
waste water. Today they are satisfied with the water being pumped back 
into the ground and have not established limits. 
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5.0 CONCEPTUAL DESIGN DATA SUMMARY 

The data for the conceptual design are summarized in this section. 

5.1 PLANT CHARACTERISTICS AND PERFORMANCE DATA 

The following technical data will be used in determining system per
formance and technical characteristics. 

5.1.1 Collector-Design-Characteristics Data 

The collector field is a 2.62-rad (1500) north field as shown in Fig
ure C-7, with the outermost row 367 m (1166 ft) from the tower center
line and the innermost row 60m (198 ft.) from the tower centerline. 
The origin for the heliostat coordinates in Table C-2 is the tower cen
terline, with east being positive X and north being positive Y. The 
collector field consists of 818 heliostats. 

818 Hel:iostats 
49.05 m2 (528 ft) 
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TabZe C-2 HeZioata:t CooT'dina.tes 

X. y 

Row 1 58.29 rn (191.24 ft) 15.77 m (51.75 ft) 
54. 35 m (178.32 ft) 26.32 m (86.34 ft) 
48.52 m (159.20 ft) .35.94 m (117.93 ft) 
32.07 m (105.32 ft) 51.16 m (167 .86 ft) 
22.02 m (72.25 ft) 56.23 m (184.48 ft) 
11.20 m (36.76 ft) 59.34 m (194.68 ft) 

-11.50 m (-36.76 ft) 59.34 m (194.68 ft) 
-22.02 m (-72.25 ft) 56.23 m (184.48 ft) 
-32.07 m (-105.32 ft) 51.16 m (167.86 ft) 
-48.52 m (-159.20 ft) 35.94 m (117.93 ft) 
-54.35 m (-178.32 ft) 26.32 m (86.34 ft) 
-58.29 m (-191.24 ft) 15. 77 m (51. 75 ft) 

Row 2 64 .92 m (212.99 ft) 24.25 m (79. 58 ft) 
59.29 m (194.52 ft) 35.88 m (117.72 ft) 
51.60 m (169. 30 ft) 46.26 m (151. 78 ft) 
42.12 m (138.19 ft) 55.03 m (180. 56 ft) 
31.18 m (102. 29 ft) 61.89 m (203.06 ft) 
19.15 m (62.83 ft) 66.60 m (218.52 ft) 

-19.15 m (-62.83 ft) 66.60 m (218.52 ft) 
-31.18 m (-102.29 ft) 61.89 m (203.06 ft) 
-42.12 m (-138.19 ft) 55.03 m (180 .56 ft) 
-51.60 m (-169.30 ft) 46.26 m (151. 78 ft) 
-59.29 m (-194.52 ft) 35.88 m (117.72 ft) 
-64.92 m (-212.99 ft) 24.25 m (79. 58 ft) 

Row 3 70.87 m (232.54 ft) 34.32 m (112.59 ft) 
62.16 m (203.96 ft) 48.33 m (158. 58 ft) 
54.81 m (179. 84 ft) 56.53 m (185 .49 ft) 
41. 82 m (137.22 ft) 66.72 m (218.90 ft) 
27.00 m (88.58 ft) 73.97 m (242.70 ft) 
16.41 m (53.85 ft) 77.01 m (252.68 ft) 

-16.41 m (-53.85 ft) 77 .01 m (252.68 ft) 
-27.00 m (-88.58 ft) 73.97 m ( 242. 70 ft) 
-41.82 m (-137.22 ft) 66. 72 m (218.90 ft) 
-54.81 m (-179.84 ft) 56.53 m (185.49 ft) 
-62.16 m (-203.96 ft) 48.33 m (158.58 ft) 
-70.87 m (-232.54 ft) 34. 32 m (112.59 ft) 

Row 4 83.59 m (274.27 ft) 26.86 m (88.13 ft) 
72.91 m (239.23 ft) 48.91 m (160 .49 ft) 
65.38 m (214.50 ft) 58.61 m (192. 30 ft) 
56.56 m (185.57 ft) 67.16 m (220.35 ft) 
35.80 m ( 117 .46 ft) 80.17 m (263.05 ft) 
24.26 m (79. 60 ft) 84.38 m (276.86 ft) 
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12.25 m (40. 20 ft) 86. 94 m (285.26 ft) 
-12.25 m (-40.20 ft) 86.94 m (285.26 ft) 
-24.26 m (-79.60 ft) 84. 38 m (276.86 ft) 
-35.80 m (-117.46 ft) 80 .17 m (263.05 ft) 
-56.56 m (-185.57 ft) 67.16 m (220.35 ft) 
-65.38 m (-214.50 ft) 58.61 m (192.30 ft) 
-72.91 m (-239.23 ft) 48.91 m (160 .49 ft) 
-83.59 m (-274.27 ft) 26.86 m ( 88 .13 ft) 

Row 5 89.52 m (293.71 ft) 35.85 m (117. 62 ft) 
83.64 m (274.43 ft) 47.99 m (157.45 ft) 
76.13 m (249. 77 ft) 59.19 m (194. 20 ft) 
67.12 m (220.23 ft) 69.23 m (227.15 ft) 
56.81 m (186.38 ft) 77.92 m (255.66 ft) 
45.38 m ( 148 .89 ft) 85.09 rn (279.17 ft) 
33.06 m (108.48 ft) 90.59 m (297.21 ft) 
20 .10 m (65.95 ft) 94.31 m (309.44 ft) 
6. 74 m (22.13 ft) 96.19 m (315.61 ft) 

-6. 74 m (-22.13 ft) 96.19 m (315.61 ft) 
-20.10 m (-65.95 ft) 94.31 m (309 .44 ft) 
-33.06 m (-108.48 ft) 90.59 m (297.21 ft) 
-45.38 m (-148.89 ft) 85.09 m (279.17 ft) 
-56.81 m (-186.38 ft) 77 .92 m (255.66 ft) 
-67.12 m (-220.23 ft) 69.23 m (227.15 ft) 
-76.13 m (-249.77 ft) 59.19 m (194. 20 ft) 
-83.64 m (-274.43 ft) 47.99 m (157 .45 ft) 
-89.52 m (-293.71 ft) 35.85 m (117 .62 ft) 

Row 6 100.73 m (330.49 ft) 32.37 m (106. 20 ft) 
94.40 m (309.74 ft) 47.77 m (156. 72 ft) 
88.88 m (291.61 ft) 57.39 m (188. 31 ft) 
78.78 m (258.47 ft) 70.62 m (231.72 ft) 
66.73 m (218.93 ft) 82.11 m (269.39 ft) 
57.75 m (189.49 ft) 88.65 m (290.85 ft) 
43.14 m (141.53 ft) 96.61 m (316.97 ft) 
27.45 m (90.07 ft) 102.18 m (335. 24 ft) 
16.59 m (54 .44 ft) 104.49 m (342.83 ft) 

-16.59 m (-54.44 ft) 104.49 m (342.83 ft) 
-27.45 m (-90.07 ft) 102.18 m (335.24 ft) 
-43.14 m (-141.53 ft) 96.61 m (316.97 ft) 
-57.75 m (-189.49 ft) 88.65 m (290.85 ft) 
-66.73 m (-218.93 ft) 82 .11 m (269.39 ft) 
-78.78 m (-258.47 ft) 70 .62 m (231. 72 ft) 
-88.88 m (-291.61 ft) 57.39 m (188. 31 ft) 
-94.40 m (-309.74 ft) 47. 77 m (156. 72 ft) 

-100.73 m (-330.49 ft) 32.37 (106.20 ft) 

Row 7 105.09 m (344.79 ft) 46.41 m (152.28 ft) 
99.64 m (326. 93 ft) 57.17 m (187. 58 ft) 
77.03 m (252.74 ft) 85.23 m (279.63 ft) 
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67.67 m (222.04 ft) 92.83 m (304.57 ft) 
57.57 m (188.90 ft) 99.41 m (326.17 ft) 
35.59 m (116.76 ft) 109.23 m (358.38 ft) 
23.94 m (78.56 ft) 112. 36 m (368.64 ft) 
12.04 m (39.50 ft) 114. 25 m (374.84 ft) 

-12.04 m (-39.50 ft) 114.25 m (374.84 ft) 
-23.94 m (-78.56 ft) 112. 36 m (368.64 ft) 
-35.59 m (-116.76 ft) 109.23 m (358.38 ft) 
-57.57 m (-188.90 ft) 99.41 m (326.17 ft) 
-67.67 m (-222.04 ft) 92.83 m (304.57 ft) 
-17.03 m (-252.74 ft) 85.23 m (279.63 ft) 
-99.64 m (-326.93 ft) 57.17 m (187. 58 ft) 

-105.09 m (-344.79 ft) 46.41 m (152.28 ft) 

Row 8 115 .57 m (379.17 ft) 43.95 m (144. 20 ft) 
110.32 m (361.97 ft) 55.82 m (183.14 ft) 
87.60 m (287.43 ft) 87.25 m (286.27 ft) 
77 .98 m (255.85 ft) 95.95 m (314.81 ft) 
67.48 m (221.45 ft) 103.59 m (339.89 ft) 
56.27 m (184.61 ft) 110.10 m (361.23 ft) 
32.08 m (105.26 ft) 119.41 m (391.77 ft) 
19.39 m (63.62 ft) 122.11 m (400.65 ft) 
6.49 m (21. 29 ft) 123.47 m (405.11 ft) 

-6.49 m (-21.29 ft) 123.47 m (405.11 ft) 
-19.39 m (-63.62 ft) 122.11 m (400.65 ft) 
-32.08 m (-105.26 ft) 119.41 m (391.77 ft) 
-56.27 m (-184.61 ft) 110.10 m (361. 23 ft) 
-67.48 m (-221.45 ft) 103.59 m (339.89 ft) 
-77.98 m (-255.85 ft) 95.95 m (314.81 ft) 
-87.60 m (-287.43 ft) 87.25 m (286.27 ft) 

-110.32 m (-361.97 ft) 55.82 m (183 .14 ft) 
-115.57 m (-379.17 ft) 43.95 m (144. 20 ft) 

Row 9 125.73 m (412.52 ft) 40.40 m (132. 56 ft) 
120.80 m (396.36 ft) 53.36 m (175.06 ft) 
114. 55 m (375.83 ft) 65.72 m (215.63 ft) 
98.33 m (322.63 ft) 88.16 m (289.24 ft) 
88.55 m (290.54 ft) 97.97 m ( 321.45 ft) 
77 .80 m (255.25 ft) 106. 71 m (350 .13 ft) 
66.19 m (217.16 ft) 114.28 m (374. 95 ft) 
40.91 m (134. 23 ft) 125.57 m (411. 98 ft) 
27.53 m (90.32 ft) 129.16 m (423.78 ft) 
13.84 m (45.41 ft) 131. 33 m (430.91 ft) 

-13.84 m (-45.41 ft) 131.33 m (430.91 ft) 
-27.53 m (-90.32 ft) 129.16 m (423.78 ft) 
-40.91 m (-134.23 ft) 125.57 m (411. 98 ft) 
-66.19 m (-217.16 ft) 114. 28 m (374.95 ft) 
-77.80 m (-255.25 ft) 106.71m (350 .13 ft) 
-88.55 m (-290.54 ft) 97.97 m (321.45 ft) 
-98.33 m (-322.63 ft) 88.16 m (289.24 ft) 
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-114.55 m (-375.83 ft) 65.72 m (215 .63 ft) 
-120.80 m (-396.36 ft) 53.36 m (175.06 ft) 
-125.73 m (-412.52 ft) 40.40 m (132.56 ft) 

Row 10 130.97 m (429.71 ft) 49.81 m (163 .42 ft) 
125.03 m (410.22 ft) 63.26 m (207.55 ft) 
117. 71 m (386.31 ft) 76.01 m (249.40 ft) 
109.10 m (357.95 ft) 87.93 m (288.50 ft) 
99.28 m (325.74 ft) 98.88 m (324.42 ft) 
88.37 m (289.95 ft) 108.74 m (356.77 ft) 
76.49 m (250.96 ft) 117 .40 m (385 .19 ft) 
63.76 m (209.21 ft) 124. 77 m/ (409.37 ft) 
50.34 m (165.16 ft) 130. 77 m (429.04 ft) 
36.36 m (119.29 ft) 135.32 m (443.99 ft) 
21.98 m (72.10 ft) 138.39 m (454.05 ft) 

7.35 m (24.12 ft) 139.93 m (459.10 ft) 
-7.35 m (-24.12 ft) 139.93 m (459.10 ft) 

-21.98 m (-72.10 ft) 138.39 m (454.05 ft) 
-36.36 m (-119.29 ft) 135.32 m (443.99 ft) 
-50.34 m (-165.16 ft) 130.77 m (429.04 ft) 
-63.76 m (-209.21 ft) 124. 77 m (409.37 ft) 
-76.49 m (-250.96 ft) 117 .40 m (385.19 ft) 
-88.37 m (-289.95 ft) 108.74 m (356. 77 ft) 
-99.28 m (-325.74 ft) 98.88 m (324.42 ft) 

-109.10 m (-357.95 ft) 87.93 m (288.50 ft) 
-117.71 m (-386.21 ft) 76.01 m (249.40 ft) 
-125.03 m (-410.22 ft) 63.26 m (207.55 ft) 
-130.97 m (-429.71 ft) 49.81 m (163.42 ft) 

Row 11 142.10 m (486.24 ft) 45.66 m (149 .82 ft) 
135.73 m (445.33 ft) 62.09 m (203. 72 ft) 
130.43 m (427.93 ft) 72.58 m (238.12 ft) 
120.97 m (396.89 ft) 87.44 m (286.88 ft) 
109.82 m (360.32 ft) 101.08 m (331.65 ft) 
101.53 m (333.11 ft) 109.41 m (358.97 ft) 
87.93 m (288.49 ft) 120.61 m (395.72 ft) 
73.10 m (239.85 ft) 130.13 m (426.96 ft) 
62.64 m (205.52 ft) 135.48·m (444.50 ft) 
46.24 m (151. 71 ft) 141.91 m (465.62 ft) 
29.19 m (95.78 ft) 146.38 m (480.26 ft) 
17.59 m (57. 71 ft) 148.22 m (486.30 ft) 

-17.59 m (-57.71 ft) 148.22 m (486.30 ft) 
-29.19 m (-95.78 ft) 146.38 m (480.26 ft) 
-46.24 m (-151.71 ft) 141.91 m (465.62 ft) 
-62.64 m (-205.52 ft) 135.48 m (444.50 ft) 
-73.10 m (-239.85 ft) 130.13 m (426.96 ft) 
-87.93 m (-288.49 ft) 120.61 m (395.72 ft) 

-101.53 m (-333.11 ft) 109.41 m (358.97 ft) 
-109.82 m (-360.32 ft) 101.08 m (331.65 ft) 
-120.97 m (-396.89 ft) 87.44 m (286.88 ft) 
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-130.43 m (-427.93 ft) 72.58 m (238.12 ft) 
-135.73 m (-445.33 ft) 62.09 m (203.72 ft) 
-142.10 m (-466.24 ft) 45.66 m (149.82 ft) 

Row 12 146.31 m (480.04 ft) 60.08 m (197.13 ft) 
141. 13 m (463.04 ft) 71.41 m (234.28 ft) 
135.07 m (443.18 ft) 82.29 m (269.98 ft) 
120.50 m (395.35 ft) 102.45 m (336.ll+ ft) 
112.07 m (367 .69 ft) 111.61 m (366.20 ft) 
102.94 m (337. 74 ft) 120.08 m (393.99 ft) 
82.83 m (271. 77 ft) 134.74 m (442.08 ft) 
71.98 m (236.15 ft) 140.84 m (462.09 ft) 
60.67 m (199.07 ft) 146.06 m (479.23 ft) 
37.02 m (121.45 ft) 153. 77 m (504.53 ft) 
24.81 m (81.39 ft) 156.21 m (512.52 ft) 
12.44 m (40.82 ft) 157.67 m (517.33 ft) 

-12.44 m (-40.82 ft) 157.67 m (517.33 ft) 
-24.81 m (-81.39 ft) 156.21 m (512.52 ft) 
-37.02 m (-121.45 ft) 153.77m (504.53 ft) 
-60.67 m (-199.07 ft) 146.06 m (479.23 ft) 
-71.98 m (-236.15 ft) 140.84 m (462.09 ft) 
-82.83 m (-271.77 ft) 134.74 m (442.08 ft) 

-102.94 m (-337.74 ft) 120.08 m (393. 99 ft) 
-112.07 m (-367.69 ft) 111.61 m (366. 20 ft) 
-120.50 m (-395.35 ft) 102.45 m (336.14 ft) 
-135.01 m (-443.18 ft) 82.29 m (269.98 ft) 
-141.13 m (-463.04 ft) 71.41 m (234.28 ft) 
-146.31 m (-480.04 ft) 60.08 m (197.13 ft) 

Row 13 160.71m (527.30 ft) 44.75 m (146.81 ft) 
156.70 m (514.12 ft) 57.25 m (187 .83 ft) 
151. 71 m (497.75 ft) 69.40 m (227.69 ft) 
145. 78 m (478.29 ft) 81.12 m (266.14 ft) 
138.95 m (455.88 ft) 92.33 m (302.94 ft) 
131.25 m (430.64 ft) 102.97 m (337.86 ft) 
122.74 m (/+02. 72 ft) 112.98 m (370.69 ft) 
113.48 m (372.32 ft) 122.29 m (401.22 ft) 
102.51 m (339.60 ft) 130.83 m (429.26 ft) 
92.90 m (304. 79 ft) 138.57 m (454.65 ft) 
81. 71 m (268.08 ft) 145.45 m (477.31 ft) 
70.01 m (229.71 ft) 151.42 m (496.82 ft) 
57.88 m (189.92 ft) 156.46 m (513.35 ft) 
45.40 m (148.95 ft) 160.53 m (526.70 ft) 
32.63 m (107 .06 ft) 163.60 m (536.78 ft) 
19.66 m (64.50 ft) 165.66 m (543.54 ft) 

-19.66 m (-64.50 ft) 165.66 m (543.54 ft) 
-32.63 m (-107.06 ft) 163.60 m (536.78 ft) 
-45.40 m (-148.95 ft) 160.53 m (526.70 ft) 
-57.88 m (-189.92 ft) 156.46 m (513.35 ft) 
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-70.01 m (-229.71 ft) 151.42 m (496.82 ft) 
-81.71 m (-268.08 ft) 145.45 m (477.21 ft) 
-92.90 m (-394.79 ft) 138.57 m (454.65 ft) 

-103.51 m (-339.60 ft) 130.83 m (429.26 ft) 
-113.48 m (-372.32 ft) 122.29 m (401.22 ft) 
-122.74 m (-402.72 ft) 112.'98 m (370.69 ft) 
-131.25 m (-430.64 ft) 102.97 m (337.86 ft) 
-138.95 m (-455.88 ft) 92.33 m (302.94 ft) 
-145.78 m (-478.29 ft) 81.12 m (266 .14 ft) 
-151.71 m (-497.75 ft) 69.40 m (227.69 ft) 
-156.70 m (-514.12 ft) 57.25 m (187.83 ft) 
-160.71 m (-527.30 ft) 44.75 m (146.81 ft) 

Row 14 166.89 m (547.57 ft) 53.63 m (175.95 ft) 
162.15 m (532.03 ft) 66.59 m (218.48 ft) 
156.42 m (513.20 ft) 79.14 m (259.65 ft) 
149. 70 m (491.18 ft) 91.20 m (299.22 ft) 
142.07 m (466.12 ft) 102.69 m (336.93 ft) 
133.55 m (438.18 ft) 113. 55 m (372.55 ft) 
124.20 m (407.51 ft) 123.70 m (405.86 ft) 
114.09 m (374.32 ft) 133.09 m (436.66 ft) 
103.27 m (338.82 ft) 141.65 m (464. 75 ft) 
91.80 m (301.21 ft) 149.33 m (489.96 ft) 
79. 71 m (261. 73 ft) 156.09 m (512 .14 ft) 
67.25 m (220.64 ft) 161.88 m (531. 13 ft) 
54.30 m (178.17 ft) 166.67 m (546.85 ft) 
41.02 m (134.60 ft) 170.43 m (559.17 ft) 
27.49 m (90.20 ft) 173.13 m (568.03 ft) 
13.79 m (45.24 ft) 174.75 m (573.36 ft) 

-13.79 m (-45.24 ft) 174.75 m (573.36 ft) 
-27.49 m (-90.20 ft) 173.13 m (568.03 ft) 
-41.02 m (-134.60 ft) 170.43 m (559.17 ft) 
-54.30 m (-178.17 ft) 166.67 m (546.85 ft) 
-67.25 m (-220.64 ft) 161.88 m (531.14 ft) 
-79.77 m (-261.73 ft) 156.09 m (512.14 ft) 
--91.80 m (-301.21 ft) 149.33 m (489.96 ft) 
-103.27 m (-338.82 ft) 141.65 m (464. 75 ft) 
-114.09 m (-374.32 ft) 133.09 m (436.66 ft) 
-124.20 m (-407.51 ft) 123.70 m (405.86 ft) 
-133.55 m (-438.18 ft) 113.55 m (372.55 ft) 
-142.07 m (-466.12 ft) 102.69 m (336.93 ft) 
-149.70 m (-491.18 ft) 91.20 m (299.22 ft) 
-156.42 m (-513.20 ft) 79.14 m (259.65 ft) 
-162.15 m (-532.03 ft) 66.59 m (218.48 ft) 
-166.89 m (-547.57 ft) 53.63 m (175.95 ft) 

Row 15 177.06 m (580.94 ft) 49.30 m (161. 75 ft) 
172.63 m (566.41 ft) 63.07 m (206.94 ft) 
167 .14 m (548.38 ft) 76.46 m (250.86 ft) 
160.61 m (526.95 ft) 89.37 m (293.21 ft) 
153.08 m (502.25 ft) 101. 73 m (333.76 ft) 
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135.23 m (443.69 ft) 124.47 m (408.40 ft) 
125.02 m (410.19 ft) 134. 72 m (442.03 ft) 
114.04 m (374.15 ft) 144.14 m (472.93 ft) 
102.34 m (335.79 ft) 152.66 m (500.89 ft) 
90.02 m (295.35 ft) 160.24 m (525.76 ft) 
77 .14 m (253.08 ft) 166.83 m (547.36 ft) 
63.77 m (209.24 ft) 172.38 m (565.57 ft) 
50.02 m (164 .10 ft) 176.86 m (580.28 ft) 
35.95 m (117.95 ft) 180.25 m (591.39 ft) 
21.66 m (71.06 ft) 182.51 m (598.83 ft) 

7.24 m (23.74 ft) 183.65 m (602.51 ft) 
-7.24 m (-23.74 ft) 183.65 m (602.57 ft) 

-21. 66 m (-71.06 ft) 182.51 m (598.83 ft) 
-35.95 m (-117.95 ft) 180.25 m (591.39 ft) 
-50.02 m (-164.10 ft) 176.86 m (580.28 ft) 
-63.77 m (-209.24 ft) 172.38 m (565.57 ft) 
-77.14 m (-253.08 ft) 166.83 m (547 .36 ft) 
-90.02 m (-295.35 ft) 160.24 m (525.76 ft) 

-102.34 m (-335.79 ft) 152.66 m (500.89 ft) 
-114.04 m (-374.15 ft) 144.14 m (472.93 ft) 
-125.02 m (-410.19 ft) 134.72 m (442.03 ft) 
-135.23 m (-443.69 ft) 124.47 m (408.40 ft) 
-153.08 m (-502.25 ft) 101. 73 m (333.76 ft) 
-160.61 m (-526.95 ft) 89.37 m (293.21 ft) 
-167.14 m (-548.38 ft) 76.46 m (250.86 ft) 
-172.63 m (-566.41 ft) 63.07 m (206.94 ft) 
-177.06 m (-580.94 ft) 49.30 m 061.75 ft) 

Row 16 184.33 m (604.79 ft) 57.24 m (187 .80 ft) 
178.55 m (585.81 ft) 73.32 m (240.57 ft) 
171.36 m (562.23 ft) 88.83 m (291.45 ft) 
165.82 m (544.05 ft) 98.79 m (324.12 ft) 
138.09 m (453.08 ft) 134.85 m (442.45 ft) 
125.62 m (412.16 ft) 146.54 m (480.80 ft) 
112.16 m (368.01 ft) 157.08 m (525.38 ft) 
87.84 m (288.19 ft) 171.87 m (563.91 ft) 
72.29 m (237.17 ft) 178.97 m (587.19 ft) 
61.60 m (202.10 ft) 182.92 m (600.17 ft) 
45. 71 m (148. 21 ft) 187.65 m (615.69 ft) 
28.39 m (93.16 ft) 190.91 m (626.39 ft) 
17.08 m (56.03 ft) 192.26 m (630.80 ft) 

-17 .08 m (-56.03 ft) 192.26 m (630.80 ft) 
-28.39 m (-93.16 ft) 190.91 m (626.39 ft) 
-45.71 m (-148.21 ft) 187.65 m (615.69 ft) 
-61.60 m (-202.10 ft) 182.92 m (600.17 ft) 
-72.29 m (-237.17 ft) 178.97 m (587.19 ft) 
-87.84 m (-288.19 ft) 171.87 m (563.91 ft) 

-112.16 m (-368.01 ft) 157.08 m (515.38 ft) 
-125.62 m (-412.16 ft) 146.54 m (480.80 ft) 
-138.09 m (-453.08 ft) 138.85 m (442.45 ft) 
-165.82 m (-544.05 ft) 98.79 m (324.12 ft) 
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-171.36 m (-562.23 ft) 88.83 m (291.45 ft) 
-178.55 m (-585.81 ft) 73.32 m (240.57 ft) 
-184.33 m (-604.79 ft) 57.24 m (187 .80 ft) 

Row 17 195.22 m (640.51 ft) 54.35 m (178.33 ft) 
191.67 m (628.86 ft) 65.78 m (215.82 ft) 
182.58 m (599.05 ft) 87.93 m (288.43 ft) 
177.07 m (580.98 ft) 98.53 m (323.28 ft) 
170.95 m (560.89 ft) 108.81 m (357.01 ft) 
156.94 m (514.91 ft) 128.20 m (420.61 ft) 
149.10 m (489.19 ft) 137.24 m (450.27 ft) 
140. 74 m (461. 76 ft) 145.80 m (478.36 ft) 
122.58 m (402.17 ft) 161. 37 m (529.44 ft) 
93.64 m (307.22 ft) 168.32 m (552.26 ft) 
81.41 m (267.09 ft) 185.57 m (608.86 ft) 
70.31 m (230.69 ft) 190.05 m (623.56 ft) 
58.97 m (193.48 ft) 193.87 m (636.09 ft) 
35. 71 m (117.18 ft) 199.47 m (654.46 ft) 
23.88 m (78.35 ft) 201.23 m (660.24 ft) 
11.96 m (39.24 ft) 202.29 m (663. 71 ft) 

-11.96 m (-39.24 ft) 202.29 m (663.71 ft) 
-23.88 m (-78.35 ft) 201.23 m (660.24 ft) 
-35.71 m (-117.18 ft) 199.47 m (654.46 ft) 
-58.97 m (-193.48 ft) 193.87 m (636.09 ft) 
-70.31 m (-230.69 ft) 190.05 m (623.56 ft) 
-81.41 m (-267.09 ft) 185.57 m (608.86 ft) 
-93.64 m (-307.22 ft) 168.32 m (552.26 ft) 

-122.58 m (-402.17 ft) 161.37 m (529.44 ft) 
-140.74 m (-461.76 ft) 145.80 m (478.36 ft) 
-149.10 m (-489.19 ft) 137.24 m (450.27 ft) 
-156.94 m (-514.91 ft) 128.20 m (420.61 ft) 
-170.95 m (-560.89 ft) 108.81 m (357.01 ft) 
-177.07 m (-580.98 ft) 98.53 m (323. 28 ft) 
-182.58 m (-599.05 ft) 87.93 m (288.43 ft) 
-191.67 m (-628.86 ft) 65.78 m (215.82 ft) 
-195.22 m (-640.51 ft) 54.35 m (178.33 ft) 

Row 18 193.92 m (636.26 ft) 86.41 m (283.52 ft) 
188.49 m (618.42 ft) 97.71 m (320.58 ft) 
182.39 m (598.42 ft) 108.66 m (356.52 ft) 
175.66 m (576.34 ft) 119.24 m (391.22 ft) 
168.31 m (552.24 ft) 129.40 m (424.55 ft) 
160.38 m (526.22 ft) 139.11 m (456.41 ft) 
151.89 m (498.36 ft) 148.33 m (486.67 ft) 
142.87 m (468.77 ft) 157 .04 m (515.24 ft) 
133.36 m (437.54 ft) 165.20 m (542.01 ft) 
123.37 m (404. 79 ft) 172.78 m (566.89 ft) 
112.96 m (370.62 ft) 179.76 m (589.79 ft)" 
102.15 m (335 .17 ft) 186. 11 m (610.64 ft) 
90.99 m (298.54 ft) 191.82 m (629.35 ft) 
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79.51 m (260.87 ft) 196.85 rn (645.88 ft) 
67.75 m (222.30 ft) 201.20 rn (660.15 ft) 
55.76 m {182.95 ft) 204.85 m (672.12 ft) 
43 •. 57 m (142. 96 ft) 207.79 m (681.75 ft) 
31.23 rn (102.47 ft) 209.99 rn (688.99 ft) 
18.78 m (61.63 ft) 211.47 m (693.84 ft) 
6.27 m (20.57 ft) 212.21 m (696.27 ft) 

-6.27 m (-20.57 ft) 212.21 m (696.27 ft) 
-18.78 m (-61.63 ft) 211.47 m ( 693. 84 ft) 
-31.23 m (-102.47 ft) 209.99 m (688.99 ft) 
-47.57 m (-142.96 ft) 207.79 m (681. 75 ft) 
-55.76 m (-182.95 ft) 204.85 m (672.12 ft) 
-67.75 m (-222.30 ft) 201.20 m (660.15 ft) 
-79.51 m (-260.87 ft) 196.85 m ( 645 .88 ft) 
-90.99 m {-298.54 ft) 191.82 m (629.35 ft) 

-102.15 m (-335.17 ft) 186.11 m ( 610. 64 ft) 
-112.96 m (-370.62 ft) 179.76 m (589.99 ft) 
-123.37 m (-404.79 ft) 172.78 m {566.89 ft) 
-133.36 m (-437.54 ft) 165.20 m {542.01 ft) 
-142.87 m (-468.77 ft) 157.04 m (515.24 ft) 
-151.89 m (-498.36 ft) 148.33 m (486.67 ft) 
-160.38 m (-526.22 ft) 139.11 m (456.41 ft) 
-168.31 m (-552.24 ft) 129.40 m (424.55 ft) 
-175.66 m (-576.34 ft) 119 .24 rn (391. 22 ft) 
-182.39 m (-598.42 ft) 108.66 rn (356.52 ft) 
-188.49 m (-618.42 ft) 97. 71 m (320.58 ft) 
-193.92 m (-636.26 ft) 86.41 rn (283.52 ft) 

Row 19 214.63 m (704. 21 ft) 59.76 rn (196.07 ft) 
210.73 m (691.41 ft) 72.32 rn (237.29 ft) 
206.10 m (676.20 ft) 84.63 rn (277.68 ft) 
200.74 rn (658.63 ft) 96.65 rn (317.11 ft) 
194.68 m {638.76 ft) 108. 33 m (355.43 ft) 
187.95 rn (616.67 ft) 119.63 rn (392.51 ft) 
180.56 rn (592.43 ft) 130.52 rn (428.23 ft) 
172.54 m (566.12 ft) 140.95 m (462.45 ft) 
163.93 rn (537.84 ft) 150.89 rn (495.06 ft) 
154.73 rn (507.68 ft) 160.30 m (525.94 ft) 
145 .00 m (475.76 ft) 169.15 rn (.554. 99 ft) 
134.77 rn (442.17 ft) 177 .42 m (582.10 ft) 
124.06 rn (407.04 ft) 185.06 m (607.18 ft) 
112.92 m (370. 50 ft) 192.06 m (630.15 ft) 
101.39 m (332.66 ft) 198.39 m (650. 92 ft) 
89.50 m (293.66 ft) 204.03 m (669.42 ft) 
77. 31 m (253.64 ft) 208.95 m (685.58 ft) 
64.84 m (212.73 ft) 213.15 m (699.36 ft) 
39.27 m (128 .83 ft) 219.31 rn (719.55 ft) 
26.25 m (86.14 ft) 221.24 m ( 725. 90 ft) 
13 .15 m (43.15 ft) 222.41 m (729. 72 ft) 

-13.15 m (-43.15 ft) 222.41 rn (729. 72 ft) 
-26.25 m (-86.14 ft) 221.24 m (725.90 ft) 
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-39.27 m (-128.83 ft) 219.31 m (719.55 ft) 
-64.84 m (-212.73 ft) 213.15 m (699.36 ft) 
-77.31 m (-253.64 ft) 208.95 m (685.58 ft) 
-89.50 m (-293.60 ft) 204.03 m (669.42 ft) 

-101.39 m (-332.66 ft) 198.39 m (650.92 ft) 
-112.92 m (-370.50 ft) 192.06 m (630.15 ft) 
-124.06 m (-407.04 ft) 185.06 m (607.18 ft) 
-134.77 m (-442.17 ft) 177 .42 m (582.10 ft) 
-145.00 m (-475.76 ft) 169.15 m (554,99 ft) 
-154.73 m (-507.68 ft) 160.30 m (525.94 ft) 
-163.93 m (-537.84 ft) 150.89 m (495.06 ft) 
-172.54 m (-566.12 ft) 140.95 m (462.45 ft) 
-180.56 m (-592.43 ft) 130.52 m (428.23 ft) 
-187.95 m (-616.67 ft) 119.63 m (392.51 ft) 
-194,68 m (-638.76 ft) 108.33 m (355 .43 ft) 
-200.74 m (-658.63 ft) 96.65 m (317.11 ft) 
-206.10 m (-676.20 ft) 84. 63 m (277.68 ft) 
-210, 73 m (-691.41 ft) 72.32 m (237.29 ft) 
-214.63 m (-704.21 ft) 59.76 m (196,07 ft) 

Row 20 222,83 m (731.11 ft) 69 .19 m (227.02 ft) 
218.36 m (716 .44 ft) 82,22 m (269.77 ft) 
213.12 m (699.26 ft) 94,97 m (311.59 ft) 
207.15 m (679.65 ft) 107.38 m (352.32 ft) 
200,45 m (657.67 ft) 119.42 m (391.82 ft) 
193.05 m (633.40 ft) 131.04 m (429.95 ft) 
184,98 m (606.92 ft) 142.21 m (466.59 ft) 
176.26 m (578.32 ft) 152.88 m (501.60 ft) 
166,93 m (547. 71 ft) 163,02 m (534.86 ft) 
157.02 m (515.19 ft) 172.58 m (566,25 ft) 
146.56 m (480,87 ft) 181.55 m (595.67 ft) 
135.59 m (444.87 ft) 189.89 m (623.02 ft) 
124.15 m (407.32 ft) 197.56 m (648.19 ft) 
112.27 m (368.35 ft) 204.54 m (671. 10 ft) 
100.00 m (328.10 ft) 210,81 m (691.67 ft) 
87.38 m (386.71 ft) 216,35 m (709 .83 ft) 
74.46 m (244.31 ft) 221. 12 m (725.51 ft) 
61.28 m (201.06 ft) 225 .14 m (738.67 ft) 
34, 32 m (112.62 ft) 230,79 m (757.22 ft) 
20.64 m (67.73 ft) 232.41 m (762. 54 ft) 

6,89 m (22.60 ft) 233.22 m (765. 21 ft) 
-6,89 m (-22.60 ft) 233,22 m (765.21 ft) 

-20.64 rn (-67.73 ft) 232.41 m (762. 54 ft) 
-34.32 m (-112.62 ft) 230.79 m (757.22 ft) 
-61. 28 rn (-201.06 ft) 225 .14 m (738.67 ft) 
-74.46 m (-244.31 ft) 221. 12 m (725.51 ft) 
-87.38 rn (-286.71 ft) 216,35 m (709 .83 ft) 

-100.00 m (-328.10 ft) 210.81 m (691.65 ft) 
-112.27 m (-368.35 ft) 204.54 m (671.10 ft) 
-124.15 rn (-407.32 ft) 197,56 m (648.19 ft) 
-135.59 m (-444.87 ft) 187,89 m (623.02 ft) 
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-146.56 m (-480.87 ft) 181.55 m (595.67 ft) 
-157.02 m (-515.19 ft) 172.58 m (566.25 ft) 
-166.93 m (-547.71 ft) 163.02 m (534.86 ft) 
-176.26 m (-578.32 ft) 152.88 m (501.60 ft) 
-184.98 m (-606.92 ft) 142.21 m (466.59 ft) 
-193.05 m (-633.40 ft) 131.04 m (429.95 ft) 
-200.45 m C-651.61 ft) 119.42 m (391.82 ft) 
-207.15 m (-679.65 ft) 107.38 m (352.32 ft) 
-213.12 m (-699.26 ft) 94. 97 m (311.59 ft) 
-218.36 m (-716.44 ft) 82.22 m (269. 77 ft) 
-222.83 m (-731.11 ft) 69.19 m (227.02 ft) 

Row 21 231 .• 51 m (759.59 ft) 79.45 m (260.69 ft) 
226.42 m (742.88 ft) 92.98 m (305.07 ft) 
220.54 m (723.58 ft) 106.18 m (348.38 ft) 
213.89 m (701. 76 ft) 119 .01 m (390.48 ft) 
206.49 m (677.48 ft) 131.43 m (431.22 ft) 
198.37 m (650.85 ft) 143.39 m (470.46 ft) 
189.56 m (621.95 ft) 154.85 m (508.05 ft) 
180.09 m (590.88 ft) 165.76 m (543.87 ft) 
169.99 m (557.75 ft) 176.10 m (577 .80 ft) 
159.30 m (522.67 ft) 185.83 m (609.71 ft) 
148.06 m (485.77 ft) 194.91 m (639.50 ft) 
136.29 m (447.18 ft) 203.31 m (667.06 ft) 
124.06 m (407.03 ft) 211.00 m (692.29 ft) 
111.39 m (365.46 ft) 217.95 m (715.11 ft) 
98.33 m (322.62 ft) 224.15 m (735.43 ft) 
84.93 m (278.65 ft) 229.56 m (753.19 ft) 
71.23 m (233.71 ft) 234.17 m (768.32 ft) 
57.28 m (187.95 ft) 237.97 m (780. 78 ft) 
43.14 m (141.54 .ft) 240.94 m (790.51 ft) 
28.84 m (94.63 ft) 243.06 m (797 .48 ft) 
14.45 m (4 7 .40 ft) 244.34 m (801.68 ft) 

-14.45 m (-47 .40 ft) 244.34 m (801.68 ft) 
-28.84 m (-94.63 ft) 243.06 m (797 .48 ft) 
-43.14 m (-141.54 ft) 240.94 m (790.51 ft) 
-57.28 m (-187.95 ft) 237.97 m (780. 78 ft) 
-71.23 m (-233.71 ft) 234.17 m (768. 32 ft) 
-84.93 m (-278.65 ft) 229.56 m (753.19 ft) 
-98.33 m (-322.67 ft) 224.15 m (735.43 ft) 

-111.39 m (-365.46 ft) 217.95 m (715.11 ft) 
-124.06 m (-407.03 ft) 211.00 m (692.29 ft) 
-136.29 m (-447.18 ft) 203.31 m (667.06 ft) 
-148.06 m (-485.77 ft) 194.91 m (639.50 ft) 
-159.30 m (-522.67 ft) 185.83 m (609. 71 ft) 
-169.99 m (-557.75 ft) 176.10 m (577 .80 ft) 
-180.09 m (-590.88 ft) 165.76 m (543.87 ft) 
-189.56 m (-621.95 ft) 154.85 m (508.05 ft) 
-198.37 m (-650.85 ft) 143.39 m (470.46 ft) 
-206.49 m (-677.48 ft) 131.43 m (431.22 ft) 
-213.89 m (-701.76 ft) 119.01 m (390.48 ft) 
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-220.54 m (-723.58 ft) 106.18 m (348.38 ft) 
-226.42 m (-742.88 ft) 92.98 m (305 .07 ft) 
-231.51 m (-759.59 ft) 79.45 m (260.69 ft) 

Row 22 234.50 m (769.40 ft) 104.49 m (342.84 ft) 
227.92 m (747.82 ft) 118.15 m (387.66 ft) 
220.55 m (723. 64 ft) 131.40 m (431.12 ft) 
212.41 m (696.93 ft) 144.19 m (473.08 ft) 
203.53 m (667.79 ft) 156.47 m (513.39 ft) 
183.68 m (602.64 ft) 179.37 m (588.50 ft) 
172. 77 m (566.86 ft) 189.90 m (623.05 ft) 
161.26 m (529.09 ft) 199.76 m (655.42 ft) 
149.19 m (489.49 ft) 208.93 m (685.50 ft) 
136.60 m (448.17 ft) 217.37 m (713.20 ft) 
123.53 m (405.30 ft) 225.06 m (738.41 ft) 
110.03 m (361.01 ft) 231. 95 m (761.04 ft) 
96.15 m (315.46 ft) 238.04 m (781.02 ft) 
81.93 m (268.81 ft) 243. 30 m (798. 28 ft) 
67.43 m (221.23 ft) 247. 71 m (812.75 ft) 
52.69 m (172.87 ft) 251.26 m (824.40 ft) 
37. 77 m (123.91 ft) 253.93 m (833.16 ft) 
22.71 m (74.52 ft) 255.72 m (839.02 ft) 
7.58 m (24.87 ft) 256.62 m (841. 96 ft) 

-7.58 m (-24.87 ft) 256.62 m (841. 96 ft) 
-22. 71 m (-74.52 ft) 255. 72 m (839.02 ft) 
-37.77 m (-123.91 ft) 253.93 m (833.16 ft) 
-52.69 m (-172.87 ft) 251.26 m (824.40 ft) 
-67.43 m (-221.73 ft) 247. 71 m (812. 75 ft) 
-81.93 m (-268.81 ft) 243.30 m (798.28 ft) 
-96.15 m (-315.46 ft) 238.04 m (781.02 ft) 

-110.03 m (-361.01 ft) 231.95 m (761.04 ft) 
-123.53 m (-405.30 ft} 225.06 m (738.41 ft} 
-136.60 m (-448.17 ft} 217.37 m (713.20 ft} 
-149.19 m (-489.49 ft) 208.93 m (685.50 ft} 
-161.26 m (-529.09 ft) 199.76 m (655.42 ft} 
-172.77 m (-566.86 ft) 189.90 m (623.05 ft) 
-183.68 m (-602.64 ft} 179.37 m (588.50 ft) 
-203.53 m (-667.79 ft) 156.47 m (513.39 ft) 
-212.41 m (-696.93 ft} 144.19 m (473.08 ft} 
-220.55 m (-723.64 ft} 131.40 m (431.12 ft) 
-227.92 m (-747.82 ft) 118.15 m (387 .66 ft) 
-234.50 m (-769.40 ft) 104.49 m (342.84 ft) 

Row 23 234.83 m (770.47 ft) 130.67 m (428. 72 ft} 
225.64 m (740.31 ft) 145.97 m (478.92 ft} 
218.95 m ( 718.37 ft) 155.82 m (511.23 ft) 
196.38 m (644.31 ft) 183.45 m (601.90 ft) 
188.06 m (617.03 ft) 191.97 m (629.84 ft) 
174.90 m (573.85 ft) 204.03 m (669.41 ft} 
160.97 m (528.14 ft) 215.19 m (706.04 ft) 
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136.21 m (446.89 ft) 231.66 m (760.07 ft) 
120.52 m (395.44 ft) 240.19 m (788.07 ft) 
109. 77 m (360.16 ft) 245.29 m (804.80 ft) 
93.24 m (305.93 ft) 252.04 m (826.94 ft) 
76. 31 m (250.36 ft) 257.67 m (845.42 ft) 
64.82 m (212.68 ft) 260.80 m (855.68 ft) 
47.36 m (155.40 ft) 264.53 m (867.91 ft) 
29.70 m (97 .43 ft) 267.09 m (876.31 ft) 
17.84 m (58.54 ft) 268.14 m (879.77 ft) 

-17.84 m (-58.54 ft) 268.14 m (879. 77 ft) 
-29.70 m (-97.43 ft) 267.09 m (876.31 ft) 
-47.36 m (-155.40 ft) 264.53 m (867.91 ft) 
-64.82 m (-212.68 ft) 260.80 m (855.68 ft) 
-76.31 m (-250.36 ft) 257.67 m (845.42 ft) 
-93.24 m (-395.93 ft) 252.04 m (826.94 ft) 

-109.77 m (-360.16 ft) 245.29 m (804.80 ft) 
-120.52 m (-395.44 ft) 240.19 m (788.07 ft) 
-136.21 m (-446.89 ft) 231.66 m (760.07 ft) 
-160.97 m (-528.14 ft) 215.19 m (706.04 ft) 
-174.90 m (-573.85 ft) 204.03 m (669.41 ft) 
-188.06 m (-617.03 ft) 191.97 m (629.84 ft) 
-196.38 m (-644.31 _ft) 183.45 m ( 601. 90 ft) 
-218.95 m (-718.37 ft) 155.82 m (511.23 ft) 
-225.64 m (-740.31 ft) 145.97 m (478.92 ft) 
-234.83 m (-770.47 ft) 130.67 m (428.72 ft) 

Row 24 239.92 m (787 .19 ft) 14 7. 78 m (484.87 ft) 
233.15 m (764. 95 ft) 158.26 m (519.25 ft) 
225.91 m (741.21 ft) 168.43 m (552.61 ft) 
210.12 m (689.42 ft) 187.75 m (616.02 ft) 
201.60 m (661.46 ft) 196.87 m (645.94 ft) 
192.69 m (632.21 ft) 205.61 m (674.60 ft) 
17.'3.74 m (570.05 ft) 221.85 m (727 .89 ft) 
163.75 m (537.26 ft) 229.32 m (752.41 ft) 
153.43 m (503.42 ft) 236.35 m (775 .46 ft) 
131.92 m (432.84 ft) 249.00 m (816.96 ft) 
120. 77 m (396.25 ft) 254.59 m (835.32 ft) 
109.38 m (358.87 ft) 259.69 m (852.05 ft) 
85.97 m (282.08 ft) 268.35 m (880.46 ft) 
74.01 m (242.82 ft) 271.89 m (892.08 ft) 
61.90 m (203.08 ft) 274.90 m (901.96 ft) 
37.33 m (122 .49 ft) 279.30 m (916.39 ft) 
24.93 m (81. 79 ft) 280.68 m (920.92 ft) 
12.48 m (40.94 ft) 281.51 m (923.63 ft) 

-12.48 m (-40.94 ft) 281.51 m (923.63 ft) 
-24.93 m (-81. 79 ft) 280.68 m (920.92 ft) 
-37.33 m (-122.49 ft) 279.30 m (916.39 ft) 
-61.90 m (-203.08 ft) 274.90 m (901.96 ft) 
-74.01 m (-242.82 ft) 271.89 m (892.08 ft) 
-85.97 m (-282.08 ft) 268.35 m (880.46 ft) 

-109.38 m (-358.87 ft) 259.69 m (852.05 ft) 
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Row 25 

-120.77 m (-396.25 ft) 
-131.92 m (-432.84 ft) 
-153.43 m (-503.42 ft) 
-163.75 m (-537.26 ft) 
-173.74 m (-570.05 ft) 
-192.69 m (-632.21 ft) 
-201.60 m (-661.46 ft) 
-210.12 m (-689.42 ft) 
-225.91 m (-741.21 ft) 
-239.92 m (-787.19 ft) 

247.60 m (812.36 ft) 
240.26 m (788.29 ft) 
232.45 m (762.68 ft) 
224.19 m (735.57 ft) 
215.49 m (707.02 ft) 
203.36 m (677.08 ft) 
196.84 m (645.82 ft) 
186.92 m (613.28 ft) 
176.64 m (579.55 ft) 
166.01 m (544.67 ft) 
155.05 m (508.73 ft) 
143.79 m (471.79 ft) 
132.26 m (433.93 ft) 
120.45 m (395.21 ft) 
83.73 m (274.72 ft) 
71.13 m (233.38 ft) 
58.39 m (191.57 ft) 
45.53 m (149.39 ft) 
32.59 m (106.92 ft) 
19.58 m (64.23 ft) 
6.53 m (21.43 ft) 

-6.53 m (-21.43 ft) 
-19.58 m (-64.23 ft) 
-32.59 m (-106.92 ft) 
-45.53 m (-149.39 ft) 
-58.39 m (-191.57 ft) 
-71.13 m (-233.38 ft) 
-83.73 m (-274.72 ft) 

-120.45 m (-395.21 ft) 
-132.26 m (-433.93 ft) 
-143.79 m (-471.79 ft) 
-155.05 m (-508.73 ft) 
-166.01 m (-544.67 ft) 
-176.64 m (-579.55 ft) 
-186.92 m (-613.28 ft) 
-196.84 m (-645.82 ft) 
-206.36 m (-677.08 ft) 
-215.49 m (-707.02 ft) 
-224.19 m (-735.57 ft) 
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254.59 m (835.32 ft) 
249.00 m (816.96 ft) 
236.35 m (775.46 ft) 
229.32 m (752.41 ft) 
221.85 m (727.89 ft) 
205.61 m (674.60 ft) 
196.87 m (645.94 ft) 
187.75 m (616.02 ft) 
158.43 m (552.61 ft) 
147.78 m (484.87 ft) 

160.18 m (525.54 ft) 
170.98 m (560.99 ft) 
181.45 m (595.35 ft) 
191.57 m (628.53 ft) 
201.31 m (660.49 ft) 
210.65 m (691.14 ft) 
219.58 m (720.45 ft) 
228.08 m (748.33 ft) 
236.14 m (774.76 ft) 
243.72 m (799.66 ft) 
250.84 m (822.99 ft) 
257.46 m (844.71 ft) 
263.57 m (864.77 ft) 
269.17 m (883.14 ft) 
282.75 m (927.71 ft) 
286.18 m (938.96 ft) 
289.05 m (948.38 ft) 
291.35 m (955.93 ft) 
293.08 m (961.61 ft) 
294.24 m (965.40 ft) 
294.82 m (967.30 ft) 
294.82 m (967.30 ft) 
294.24 m (967.30 ft) 
293.08 m (961.61 ft) 
291.35 m (955.93 ft) 
289.05 m (948.38 ft) 
286.18 m (938.96 ft) 
282.75 m (927.71 ft) 
269.17 m (833.14 ft) 
263.57 m (864.77 ft) 
257.46 m (844.71 ft) 
250.84 m (822.99 ft) 
243.72 m (799.66 ft) 
236.14 m (774.76 ft) 
228.08 m (748.33 ft) 
219.58 m (720.45 ft) 
210.65 m (691.14 ft) 
201.31 m (660.49 ft) 
191.57 m (628.53 ft) 
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-232.45 m (-762.68 ft) 181.45 m (595.35 ft) 
-240.26 m (-788.29 ft) 170.98 m (560.99 ft) 
-247.60 m (-812,36 ft) 160.18 m (525.54 ft) 

Row 26 255.78 m (839.22 ft) 173.62 m (569.66 ft) 
247.84 m (813.17 ft) 184.78 m (606.26 ft) 
239.42 m (785 .53 ft) 195.57 m (641.67 ft) 
230.52 m (756.35 ft) 205.98 m (675.83 ft) 
221.18 m (725.68 ft) 215.99 m (708 .65 ft) 
211.40 m (693.59 ft) 225.57 m (740.09 ft) 
201.20 m (660.14 ft) 234.71m (770.08 ft) 
190.61 m (625.40 ft) 243.39 m (798. 55 ft) 
179.65 m (589.42 ft) 251.59 m (825.46 ft) 
168.33 m (552.30 ft) 259.30 m (850.75 ft) 
156.68 m (514.08 ft) 266.49 m (874.37 ft) 
144.73 m (474.86 ft) 273.17 m (896.27 ft) 
132.49 m (434.71 ft) 279.31 m (916.42 ft) 
120.00 m (393. 71 ft) 284.90 m (934.77 ft) 
107.26 m (351. 93 ft) 289.94 m (951.29 ft) 

94.32 m (309.47 ft) 294.40 m (965.94 ft) 
54.49 m (178.77 ft) 304.30 m (998.42 ft) 
40.96 m (134. 38 ft) 306.42 m (1005.36 ft) 
27.35 m (89.73 ft) 307.93 m (1010.32 ft) 
13.69 m (44.91 ft) 308.84 m (1010. 30 ft) 

-13.69 m (-44.91 ft) 308.84 m (1013. 30 ft) 
-40.96 m (-134.38 ft) 306.42 m (1005.36 ft) 
-54.49 m (-178.77 ft) 304.30 m (998.42 ft) 
-67.91 m (-222.80 ft) 301.59 m (989.53 ft) 
-81.19 m (-266.39 ft) 298.29 m (978.69 ft) 
-94.32 m (-309.47 ft) 294.40 m (965.94 ft) 

-107.26 m (-351.93 ft) 289.94 m (951.29 ft) 
-120.00 m (-393.71 ft) 284.90 m (934. 77 ft) 
-132.49 m (-434.71 ft) 279.31 m (916 .42 ft) 
-144.73 m (-474.86 ft) 273.17 m (896.27 ft) 
-156.68 m (-514.08 ft) 266.49 m (874.37 ft) 
-168.33 m (-552.30 ft) 259.30 m (850.75 ft) 
-179.65 m (-589.42 ft) 251.59 m (825.46 ft) 
-190.61 m (-625.40 ft) 

. 
243.39 m (798. 55 ft) 

-201.20 m (-660.14 ft) 234. 71 m (770 .08 ft) 
-211.40 m (-693.59 ft) 225.57 m (740.09 ft) 
-221.18 m (-725.68 ft) 215.99 m (708 .65 ft) 
-230.52 m (-756.35 ft) 205.98 m (675.83 ft) 
-239.42 m (-785.53 ft) 195.57 m (641. 67 ft) 
-247.84 m (-813.17 ft) 184.78 m (606.26 ft) 
-255.78 m (-839.22 ft) 173.62 m (569.66 ft) 

Row 27 263.53 m (864.64 ft) 187.54 m (615.33 ft) 
254.97 m (836.55 ft) 199.03 m (653.01 ft) 
245.91 m (806.82 ft) 210.12 m (689.41 ft) 
236.36 m (775.50 ft) 220.80 m (724.46 ft) 
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226.35 m (742. 66 ft) 231.05 m (758.08 ft) 
215.90 m (708.37 ft) 240.85 m (790. 22 ft) 
205.02 m (672.68 ft) 250.17 m (820.81 ft) 
193.75 m (635.68 ft) 259.00 m (849.79 ft) 
182.09 m (597.43 ft) 267.33 m (877 .11 ft) 
170.07 m (558.00 ft) 275.13 m (902.70 ft) 
157.72 m (517.49 ft) 282.39 m (926.52 ft) 
145.07 m (475.96 ft) 289.10 m (948.53 ft) 
132.12 m (433.49 ft) 295.24 m (968.67 ft) 
118.92 m (390.17 ft) 300.80 m (986.92 ft) 
105.48 m (346.09 ft) 305. 77 m (1003. 22 ft) 
91.84 m (301.33 ft) 310.14 m (1017.56 ft) 
78.02 m (255.98 ft) 313.90 m (1029. 91 ft) 
64.04 m (210.13 ft) 317.05 m (1040.23 ft) 
49.49 m (163.86 ft) 319.57 m (1048.52 ft) 

-49. 94 m (-163.86 ft) 319.52 m (1048.52 ft) 
-64.04 m (-210.13 ft) 317.05 m (1048.23 ft) 
-78.02 m (-255.98 ft) 313.90 m (1029. 91 ft) 
-91.84 m (-301.33 ft) 310.14 m (1017.56 ft) 

-105.48 m (-346.09 ft) 305.77 m (1003.22 ft) 
-132.12 m (-433.49 ft) 295.24 m (968.67 ft) 
-145.07 m ( -4 7 5 • 96 ft ) 289.10 m (948.53 ft) 
-157.72 m (-517.49 ft) 282.39 m (926.52 ft) 
-170.07 m (-558.00 ft) 275.13 m (902.70 ft) 
-182.09 m (-597.43 ft) 267.33 m (877. 11 ft) 
-193.75 m (-635.68 ft) 259.00 m (849.79 ft) 
-205.02 m (-672.68 ft) 250.17 m (820.81 ft) 
-215.90 m (-708.37 ft) 240.85 m (790. 22 ft) 
-226.35 m (-742.66 ft) 231.05 m (758.08 ft) 
-236.36 m (-775.50 ft) 220.80 m ( 724.46 ft) 
-245.91 m (-806.82 ft) 210.12 m (689.41 ft) 
-254.97 m (-836.55 ft) 199.03 m (653.01 ft) 
-263.53 m (-864.64 ft) 187.54 m (615.33 ft) 

Row 28 271.80 m (891. 76 ft) 202.64 m (664.86 ft) 
262.56 m (861.45 ft) 214.47 m (703. 69 ft) 
242.55 m (795 .82 ft) 236.86 m (777 .14 ft) 
231.83 m (760.63 ft) 247.37 m (811.62 ft) 
220.65 m (723.94 ft) 257.39 m (844.50 ft) 
184.60 m (605.67 ft) 284.36 m (932.97 ft) 
171.83 m (563. 77 ft) 292.25 m (958.88 ft) 
158.77 m (520.76 ft) 299.57 m (982.90 ft) 
145.30 m (476.73 ft) 306.31 m (1004.99 ft) 
131.59 m (431.76 ft) 312.44 m (1025.11 ft) 
117 .63 m (385.95 ft) 317.96 m (1043.23 ft) 
103.44 m (339.38 ft) 322.86 m (1059.29 ft) 
89.04 m (292.14 ft) 327.12 m (1073.28 ft) 
74.47 m (244.33 ft) 330.74 m (1085.16 ft) 

-74.47 m (-244.33 ft) 330.74 m (1085.16 ft) 
-89.04 m (-292.14 ft) 327.12 m (1073.28 ft) 

-103.44 m (-339.38 ft) 322.86 m (1059.29 ft) 
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Row 29 

-117.63 m (-385.95 ft) 
-131.59 m (-431.76 ft) 
-145.30 m (-476.73 ft) 
-158.72 m (-520.76 ft) 
-171.83 m (-563.77 ft) 
-184.60 m (-605.67 ft) 
-220.65 m (-723.94 ft) 
-231.83 m (-760.63 ft) 
-242.55 m (-795.82 ft) 
-262.56 m (-861.45 ft) 
-271.80 m (-891.76 ft) 

280.09 m (918.96 ft) 
270.13 m (886.29 ft) 
259.64 m (851.89 ft) 
243.65 m (815.82 ft) 
237.17 m (778.15 ft) 
225.22 m (738.95 ft) 
212.83 m (698.30 ft) 
200.02 m (656.28 ft) 
186.82 m (612.97 ft) 
159.35 m (522.84 ft) 
145.14 m (476.19 ft) 
130.63 m (428.61 ft) 
115.87 m (380.18 ft) 
100.89 m (331.01 ft) 
85.71 m (281.20 ft) 
70.35 m · (230.83 ft) 

-70.35 m (-230.83 ft) 
-85.71 m (-281.20 ft) 

-100.89 m (-331.01 ft) 
-115.87 m (-380.18 ft) 
-130.63 m (-428.61 ft) 
-145.14 m (-476.19 ft) 
-159.35 m (-522.84 ft) 
-173.26 m (-568.46 ft) 
-186.82 m (-612.97 ft) 
-200.02 m (-656.28 ft) 
-212.83 m (-698.30 ft) 
-225.22 m (-738.95 ft) 
-237.17 m (-778.15 ft) 
-248.65 m (-815.82 ft) 
-259.64 m (-851.89 ft) 
-270.13 m (-886.29 ft) 
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317.96 m (1043.23 ft) 
312.44 m (1025.11 ft) 
306.31 m (1004.99 ft) 
299.57 m (982.90 ft) 
292.25 m (958.88 ft) 
284.36 m (932.97 ft) 
257.39 m (844.50 ft) 
247.37 m (811.62 ft) 
236.86 m (777.14 ft) 
214.47 m (703.69 ft) 
202.64 m (664.86 ft) 

218.63 m (717.33 ft) 
230.82 m (757.32 ft) 
242.55 m (795.82 ft) 
253.81 m (832.76 ft) 
264.57 m (868.07 ft) 
274.83 m (901.67 ft) 
284.52 m (933.51 ft) 
293.66 m (963.51 ft) 
302.23 m (991.62 ft) 
317.57 m (1041.96 ft) 
324.32 m (1064.09 ft) 
330.43 m (1084.13 ft) 
335.89 m (1102.05 ft) 
340.69 m (1117.80 ft) 
344.82 m (1131.36 ft) 
348.28 m (1142.70 ft) 
348.28 m (1142.70 ft) 
344.82 m (1132.36 ft) 
340.69 m (1117.80 ft) 
335.89 m (1102.05 ft) 
330.43 m (1084.13 ft) 
324.32 m (1064.09 ft) 
317.57 m (1041.96 ft) 
310.21 m (1017.79 ft) 
302.23 m (991.62 ft) 
293.66 m (963.51 ft) 
284.52 m (933.51 ft) 
274.82 m (901.67 ft) 
264.57 m (868.07 ft) 
253.81 m (832.76 ft) 
242.55 m (795.82 ft) 
230.82 m (757.32 ft) 



5.1.2 Receiver·Besign·Characteristics Data 

The receiver is sized to acccept 29.3 MWt at the design point (noon day 
58) and is a twin-cavity geometry as shown in Figure C-5. The receiver 
material and mass (dry) is 128.2 x 103 kg (282.7 x 103 lb). The 
receiver working fluid output conditions will be 29.3 MW (100,000,000 
Btu/h) 82% quality steam at 8.27 x 106 MPa (1200 psia) 2970C 
(5670F) with a flow rate of 43,590 kg/h (96,100 lb/h). 

The material for all absorber panels is carbon steel. The absorber 
panel, number, size, type, material and mass are tabulated. 

Tube Size 
Dry Weight 

Type of Minimum Including 
Absorber No. of Total No. OD, Thickness, Headers, 
Panel Panels of Tubes mm (in.) mm (in.) kg (lb) 

Vertical 1 56 25.4 3.76 1,290 
Preheater (1.0) (0.148) (2,840) 

Roof 2 56 25.4 3.76 2,190 
Preheater (1.0) (0.148) (4,820) 

Boiler 5 210 50.8 3.76 11,080 
(2.0) (0.148) (24,430) 
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The material for all valves is carbon steel. The receiver valves are 
tabulated. 

Nominal Weight, 
Location Type No. Size, in. kg (lb) 

Main Feed Feed Check Valve 1 3 45.4 (100) 
Feed Stop Valve 1 3 68.0 (150) 
Inlet Control Valve 1 3 90.7 (200) 

Drum Safety Valve Set at 1275 psia 1 1-1/2 45.4 (100) 
Safety Valve Set at 1313 psia 1 1-1/2 45.4 (100) 
Vent Valve 2 1 45.4 (100) 
Steam Gage Shutoff 1 1/2 22.7 ( 50) 
Steam Gage Test 2 1/2 45.4 (100) 
Water Gage Shutoff 2 1 113.4 (250) 
Water Gage Drain 2 1/2 45.4 (100) 
Remote Level Indicatro Shutoff 2 1 22.7 ( 50) 
Water Level Control 2 1 136.1 (300) 
Water Sampling 1 1 90.7 (200) 
Blowdown 1 1-1/2 68.0 (150) 

Preheater Vent 2 1 45.4 (100) 
Drain 4 1 90.7 (200) 

Waterwalls Drain 10 1 226.8 (500) 
Drain Manifold 2 1 45.4 (100) 

Saturated Outlet Shutoff 1 6 362.9 (800) 
Steam Check 1 6 226.8 (500) 
Outlet Pressure Regulating 1 6 272.2 (600) 

Continuous Blowdown Shutoff 1 1-1/2 68.0 (150) 
Blowdown Check 1 1-1/2 45.4 (100) 

Isolation 1 1-1/2 45.4 (100) 
Blowdown Control 1 1-1/2 45.4 (100) 

The material for all piping is carbon steel. The pipes information is 
tabulated. 

Description Nominal Size Weight, kg (lb) 

Feedwater 3-in. Sch 40 72.6 (160) 

Blowdown 1-1/2-in. Sch 40 63.5 (140) 

Steam Outlet 6-in. Sch 80 816.5 (1800) 

Connecting 4-in. Sch 40 136.1 (300) 

Miscellaneous 1/2- & 1-in. Sch 40 272.2 (600) 
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The receiver heat transfer coefficients are tabulated. 

kW/m2-oc 
(Btu/h-ft2-0F) 

Preheat er - Pass 1 (Vertical Panel) 4.5 
( 800) 

- Pass 2 (Roof Panel) 11.1 
(1950) 

- Pass 3 (Roof Panel) 13.3 
(2350) 

Boiler - Common Wall Panel 30.2 
(5320) 

- Rear Wall Panel 29.0 
(5100) 

- Side Wall Panel 23.3 
(4110) 

The receiver system pressures and flow rates are tabulated. 

Pressure kPa, (psia) 

Receiver Inlet 8481 (1230) 
Drum Operating 8274 (1200) 
Receiver Outlet 8267 (1199) 

Flow Rate Mg/h, {klb/h) 

Feedwater 43.59 (96.1) 
Saturated Steam 36.015, (79.4) 
Drum Blowdown 7.575 (16.7) 

The absorber panels wi l1 be coated with flat black Pyromark Series 2500 
with an absorptivity of 0.95 and an emissivty of 0.90. The inactive 
wall of the receiver will be coated with white Pyromark Series 2500 
with an absorptivity of 0.32 and an emissivty of 0.84. 

The 15-cm (6-in.) steam line that ties the solar receiver outlet to the 
ground-level field piping system is supported at several locations by 
the receiver tower. 

The support tower for the receiver shall be constructed of structural 
steel, 90 m (295 ft) to the receiver support level (top of tower it
self), with four support legs on 12.2-m (40-ft) spacing. Foundations 
for each support leg shall comprise three drilled piers 0.9 m (3 ft) in 
diameter and 13.7 m (45 ft) in length. The pier cap shall be triangu
lar in plan, 4.6 m (15 ft) on each leg of the triangle, and 0.9-m 
(3-ft) thick. Each pier will have a full reinforcing cage. · It is ex

pected that casings will not be required during pier drilling. 
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Design 
Point 

The feedwater pump will provide a flow rate of 43.59 Mg/h (96,100 lb/h) 
and a pressure of 9.653 MPa (1400 psia) at the feedwater control valve. 

The major operating characteristics are: 

1) The receiver input power at the design point is 31.2 MWt; 

2) The receiver total absorbed power is 29.3 MWt; 

3) The design point flux as shown in Table C-1; 

4) Peak material temperature, working stress, fatigue life, number of 
cycles, and equivalent operation life (Table C-3); 

5) Predictions of receiver hot and cold startups as shown in Figures 
C-8 and C-9, respectively. 

Table C-3 Design Point Stress Conditions 

Terms De fined In 
ASME Code Stress Intensity, Allowable Stress, 
Section VIII, Div 2 MPa (ksi) MPa (ksi) 

Primary Stress Intensity 55.8 ( 8.1) 99.3 (14.4) 
PM 

Primary Plus Secondary 
Stress Intensity 142.0 (20.6) 3Sm = 312.4 (45.3) 

PL+ PB+ Q 

Peak Stress Intensity 243.1 (35. 26) Fatigue Life 
PL+ PB+ Q + F 100,000 Cycles 

Note: 

Peak metal temperature = 3900C (734°F), design temperature = 
3710C (7QOOF). 

The receiver losses are tabulated. 
-

Conduction Radiation Convection Reflection Spillage Total 

0.4% 1.51% 2.41% 1.56% 1.3% 6.98% 
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5.1.3 Field-Piping*-Design eharacteristics~ 

The header piping from the receiver is 150-mm (6-in.) Schedule 80 car
bon steel pipe designed to pass 43,590 kg/h (96,100 lb/h) of wet steam 
at a quality of 82%. 

The piping from the fossil boilers is 150-mm (6-in.) Schedule 80 carbon 
steel pipe designed to pass 30,375 kg/h (66,976 lb/h) of wet steam at a 
qu~lity of 75 to 80%. 

Branch piping to each well is 80-mm (3-in.) Schedule 80 carbon steel 
pipe designed to pass 6164 kg/h (13,591 lb/h) of wet steam (1/12 of the 
total steam flow). 

The piping system design pressure= 7.2 MPa (1050 psig); design tem
perature= 2930C (5600F). 

A corrosion/erosion allowance of 3.8 mm (0.15 in.) is applied to tr~ 
piping wall thickness. 

Field pipe supports are spaced at 6-m (20-ft) intervals. 

5.2 EXISTING EQUIPMENT DATA 

There are two existing steamers and water softeners. The steamers pro
vide 11.16 Mg/h (24,600 lb/h) of 80% quality steam at 3130C 
(5960F). Table C-4 s~ows the steam generator design data for the 
Struthers Thermoflood@ 25 steamer. The water softeners are portable 
units that contain ion exchange beds that can provide 0.315 x 10-3 
m3/s (50 gpm) of treatPd water continuously. 

TabZe C-4 Steam Gene:r>ato:r> Design Data fo:r>- StPUtn.e:r>s- Ther'lrlofZ,ood® 25 Steame:r> 
Design Steam Pressure 10. 343 MP a (1500 psig) 

Design Steam Quality 80% 

Design Steam Flow to Well 11,564.6 kg/h (25,500 lb/i1) 

Design Steam Flow to Oil Burner 72.56 kg/h (160 lb/h) 

Condensate to Drain 18.14 kg/h (40 lb/h) 

Design Steam Flow at Heater Outlet 11,655.3 kg/h (25,700 lb/h) 

Heat to Well (Above 80°F Feed Temperature) 7.27 MW (24,797,808 Btu/h) 

Heat to Produce Atomizing Steam 59.09 kW (201,600 Btu/h) 

Heat to Preheat Fuel Oil (Recirculate) 37 .44 kW (127,750 Btu/h) 

Design Total Heat Output of Heater 7.91 1111 (26,999,408 Btu/h) 

Thermal Efficiency of Heater 89.99% (LHV Basis) 

Thermal Efficiency of Process 89.12% (LHV Basis) 

Burner Type North American 5131-FA 

Burner Heat Release 8.14 MW (27,777,778 Btu/h) 

Fuel . Crude Oil 

Fuel Net Heating Value 156.41 W/m3 (141,000 Btu/gal) 

Fuel Consumption 0, 746 m3/h (197 gal/h) 

Pilot Fuel Natural Gas or LPG 

Combustion Air 11,900.2 kg/h (26,240 lb/h) Flue Gas 12,598.6 kg/h (27,180 lb/h 

Flue Gas Temperature 190.6°C (375°F) at 20% Excess Air 

*All piping is ASTM A53 grade B. 
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5.3 COST DATA 

5.3.1 Construction Coat Data 

The construction cost of the STEOR system has been estimated based on 
the construction cost codes defined in Tables C-5 and C-6. The basis 
for the STEOR retrofit construction cost estimate is enumerated in 
Table C-7 and all cos~s are provided in 1980 dollars. 

A total plant construction cost estimate of $14,033,467 has been devel
oped based on the ground rules in Tables C-5 through c-7, with a break
down by cost account shown in Table C-8. 

Figure C-9 provides the cost summary sheets for each major cost account 
given in Table C-5, with accompanying cost backup worksheets. 

5.3.2 Owner's Coat-Bata 

In addition to the estimated construction costs, some projects incur 
certain other costs as part of the overall project cost. The following 
owner's cost considerations have been identified: 

1) Land, including cost of canceling, existing surfaces leases. No 
cost is incurred with 60 days notice of cancellation of the lease; 

2) Water rights are currently owned; 

3) No recreational area or landscaping required; 

4) No site studies required with existing data; 

5) No archeological artifacts at site; 

6) Environmental studies not anticipated to the required; 

7) Public relations activities will not be charged to the plant; 

8) Cost of obtaining necessary permits estimated to be negligible 
(<$1000); 

9) Dealings with public agencies, etc not charged directly to plant; 

10) Owner's "home-office costs" not known at this level of design; 

11) Plant consumable supplies included in operating and maintenance 
estimate; 

12) Property taxes during construction charged to existing facilities; 

13) Sales tax not costed; 

14) Project would most likely be financed with retained earnings (in
ternal funds), therefore no allowance for funds used during con
struc.tion (AFUDC) charges. 
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Table C-5 Construction Cost Code Definitions fop SoZ.a:za TherrnaZ.-Enhanced Oil. Recovepy Project 

5100 Land, Yark Work 
5110 Land required for retrofit application provided by site owner. 
5120 Yard work includes any necessary grading, compacting and surfacing of area around tower, control and storage 

building, and collector field. 

5200 Site Facilities 
5210 Operations and Maintenance 

5211 A single structure will ,be used for control rooms, and storage and maintenance area. 
5212 .Miscellaneous equipment includes communications, machine shop equipment, instrument repair, air systems, 

emergency power supply, and transportation and maintenance equipment. 
5220 Security 

5221 Security/eye hazard fincing around collector field to prevent unauthorized personnel entry and 
offsite glint. 

5222 Security lighting around tower area. 

5300 Collector Subsystem 

5400 Receiver Subsystem 
5410 Receiver Unit 

5411 Pressure parts include all components from interface with the riser at the top of the tower to junction 
with the field piping. This junction is at the base of the receiver, inmiediately after the blowdown 
outlet. 

5412 Support structure includes tower/receiver interface, pre~sure parts support, external enclosure, cavity 
doors and mechanisms, platforms and ladders, insulation, etc. 

5413 Receiver circulation equipment consists of the feedwater pump(s) and associated motors and valving. 
5414 Instrumentation and control includes tracer lines, controls and door actuators. 

5420 Tower piping is from the outlet of the FW water storage tank/water treatment facility to the top of the tower/ 
base of receiver, and from base of receiver to base of tower. 

5430 Water treatment equipment includes all hardware used to treat incoming well water, and storage tank. 
5440 Tower, including foundation and all necessary accessories such as access, lighting, machinery and equipment. 

5500 Plant control subsystem includes the displays, alarms, and data recording equipment for the receiver and field 
piping subsystems. All controls and displays for the heliostat field are included in account 5300. 

5910 Field piping includes the steam piping from the outlet of the receiver to the stream injection wells. For construe-
tion cost, only that piping required to the initial three injection wells will be costed. Insulation, supports and 
control valves are to be included. 



Table C-6 Indi~eat Cost Aaaount Definitions 

Account Description 

L Temporary Construction Facilities 

Includes temporary buildings, sheds, trailers, work area• , bays, roads, walks, parking, signs, railroads, 
unloading docks, utilities, personnel protection, camp•, cleaning services, maintenance aervices, util-
ity bills, and site maintenance, 

M Construction Services, Suppliea and Expenses 

Services 
Includes cleanup, nonproductive time, medical examinations, doctor's fees, move on and off, and con-
struction equipment maintenance and servicing, 

Small Tools Supplies 
Includes welding rod, oxygen, acetylene, rags and other consumables, 

Field Office Supplies 
Includes office machines, telephone, telegrap~, postage, computer rental, stationary, furniture. 

N Field Staff, Subsistence and Expense 

Field Staff 
Includes superintendents, field engineers, cost engineers, field administration, warehouseman, purchaser, 
nurse, safety engineer, timekeeper, accountant, clerks, Q/A control, watchman, and security service. 

Field Staff Subsistence 
Includes travel, subsistence, transportation, and relocation for field staff. 

Field Staff Burdens 
Includes vacation, sick leave, and holiday allowance, 

p Field Craft Benefits, Payroll Burdens and Insurance 

Field Craft Benefits 
Includes required contributions to funds for vacation, welfare, education, apprentice, retirement, holi-
days, etc. 

Field Craft Travel, Transportation or Subsistence 

Payroll Burdens for Field Craft and Field Staff 
Includes social security, workman's compensation, comprehensive PL & PD, state unemployment insurance, 
federal unemployment insurance, 

Insurance 
Includes builder's risk, performance bonds, and marine insurance, 

Q Equipment Rental 

Construction Equipment Rental 

Special Equipment Rental 

Note: Special rigging equipment included in the direct field accounts. 

R Engineering 

Plant Engineering - Prime contractor to design plant, subcontract construction, and start up plant. 

R&D - For anticipated research.and development required to design and produce special equipment that 
is not currently manufactured. 

s Equipment Procurement by Prime Contractor 

T Construction Management by Prime Contractor 

u Labor Productivity 

Includes adjustment for the difference in labor efficiency in Houston to the jobsite, 

V Contingency 

Construction Cost Contingency - This represents normal construction uncertainties in an estimate that 
is based on a given design. 

w Prime Contractors Fee 

Material Markups 

Fee on Labor and Indirects 

Fee on Subcontracted Work 

Excludes Design Contingency 
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Tahie C-? Basia for Construotion Cost Estimate 

1. Structure of construction costs estimate will be: 
1) Construction cost codes per Table C-4; 
2) Construction cost accounts, A thru W; 
3) Construction cost backup sheets. 

2. A/E performs as an engineer and constructor and is the prime Con
tractor responsibile for: 
1) Plant design; 
2) Quality control; 
3) Construction; 
4) Subcontracting construction; 
5) Procuring major equipment; 
6) Construction management. 

3. Labor wages rates= base wage rate at Bakersfield, CA, 1980. 

4. Labor manhours per Bakersfield, CA. 

5. Material priced to job location, 1980. 

6. Field indirects and engineering will be Table C-4. 

7. The following two items are not to be included in construction 
costs: 
1) Sales tax; 
2) Cost of money, AFDUC. 

8. Design contingency not to be included in total for construction 
cost. 

9. Any unique equipment not built at the construction site is to be 
treated as if it were for this cost estimate. 

TahLe C-8 STEOR System Cost Estimate (1980$) 

5100 Site Modification $ 56,066 
5120 Yard Work 56,066 

5200 Site Facilities 901,185 
5210 Operations and Maintenance 675,285 
5220 Security/Safety 225,900 

5300 Collector Subsystem ($230/m) 9,228,267 

5400 Receiver Subsystem 3,577,336 
5410 Receiver Unit 2,386,233 
5420 Tower Piping 66,178 
5430 Water Treatment 388,622 
5440 Tower 736,303 

5500 Plant Control 135,250 

5900 Process Heat Subsystem 135,363 
5910 Field Piping 135,363 

5000 Plant Construction Cost $14,033,467 
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TabZe C-9 (aont) 

. 
A/C 
NO 

5400 

A 

B 

C 

D 

E 

F 

G 

H 

I 

CONSTPUCTION COST ESTDIATE 

PllOJECT: Solar Induatrial Retrofit System for EOR. 

LOCATION: Edi•on Field, Baker• field, California 

DESCRIPTION: Receiver Sub•y• tem Only, Not Includin& Support Tower and 
Tower Downcomer and Ri•er 

It• & De•criptioa Man Labor E•t••HPa,I Co•~ • 
Hours ($) Sub- Material• 

contract• 

Receiver 

Shop Fabrication 13,120 302,090 126,800 

Other Shop Coat 

Subcontracted Fabrication 137,.500 

General Acce•aorie• 130,000 

Home Office Co•t• 17,7.50 509,790 20,000 

Field Erection 16,000 392,000 115,000 

Total Shop, Office• 
Field Coat• 

Contingency (10% of tA 
to F) 

EA to G 

C&A (6.2%' of EA to G) 

EA to H 

Fee (81 of tA to H) 

Total Conatruction Co• t 

C-65 

Total• 

428,890 

93,500 

137,500 

130,000 

529,790 

507.000 

1,826,680 

182.670 

2,009,350 

124.580 

Z,133,930·- · 

170.710 

2,304,640 
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5.3.3 Operating and Maintenance Cost Data 

The operations and maintenance costs for the first year of operation of 
the STEOR system are shown in Table C-10. The estimates include a 7% 
overhead charge assesed on all recurring costs at the Edison site. 
Table C-11 shows the cost breakdown for each cost account and Table 
C-12 gives the material cost for field piping additions. 

TabZe C-10 STEOR OpePations and Maintenanoe Cost Swnma:r-y (1980$) 

OMlOO 

OM200 

OM300 

Operations 
OMllO Operating Personnel 
OM120 Operating Consumables 

Maintenance Materials 
OM210 Spare Parts and Materials 

Maintenance Labor 
OM310 Scheduled Maintenance 

203,856 
79,448 

30,698 

66,361 

$283,304 

$ 30,698 

$ 66,361 

Total Yearly Operations and Maintenance $380,363 
...._ __________________ I._ ___ .__ ___ __ 

5.4 PLANT ECONOMIC EVALUATION DATA 

For the Exxon solar thermal EOR project, the plant economic data are 
shown in Table C-13. 

In addition to the factors shown in Table C-13 describing the economic 
environment of the plant owner, economic factQrs describing the overall 
economy seen by the user are also requir.ed. These factors are shown in 
Table C-14. 

5.4.1 Fuel Cost Assumptions 

The fuel savings realized from operation of the solar portion of the 
plant is an important parameter of the cost effectiveness of the STEOR 
project. Accurate estimates of the displaced fuel costs at the site 
are required. These fuel costs are to be expressed in 1980$. For the 
Exxon Kern River enhanced oil recovery project, crude oil is the fuel 
to be displaced, with the expected cost and escalation shown in Table 
C-15. Electrical energy is also used at the site, for both convention
al and solar processes, with the costs and escalation shown in Table 
C-16. 

5.4.2 Alternative Fuel Cost Assumptions (Sandia-Suplied) 

To facilitate comparison of system economics 
and owners, a standard set of fuel costs and 
supplied by Sandia Laboratories (Livermore). 
given in Table C-16. 
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Table C-11 Operating and Maintenanae Cost Worksheets 

OMlOO Operations 

OMllO Operations Personnel 
OMllOA Operations 

OmllOB 

1 Supervisor/Operator (1 shift) 
1 Technician (2 shifts) 
2 men x 1,5 shifts/day x 365 days x 8 h/shift 

Maintenance 
2 maintenance personnel for receiver, collector 
2 men x 1 shift/day x 260 days/yr x 8 hr/shift 

• 8760 man-hours (mh) 
X $17 /mh* 
$148,920 

and piping 
• 4160 mh 

X $10/mh 
$ 41,600 

Total OMllO • $190,520 

OM120 Operating Consumables 
OM120A Water Treatment Chemicals 

$360/10,000 bbl water x 750,000 bbl water/yr 
OM120B Water 

$150/10,000 bbl x 750,000 bbl 
OM120C Electricity 

Feedwater Pump: 266 kW x 3140 h/yr 
Heliostats: Avg 480 Wh/helio/day 

• $27,000 

• $11,250 

• 835,240 kWh 
a 143 1313 kWh 

978,553 kWh/yr 

Use 1,000 MWh/yr 

Total OM120 • $74,250 

x $36/MWh 
$36,000/yr 

OM200 Maintenance Materials 

OM210 Spare 
OM212 

Parts and Material for Repairs 
Collector 
0,1% of initial cost/helio/yr • $12.75/helio/yr x 818 • $10,430 

OM213 

OM215 

Receiver Subsystem 
0.1% of initial cost/yr 
Process Heat Subsystem 
Additional pipe, fittings, joints for 
See Table C-12. for cost backup 
Replacement packing for Barco joints 

Total OM210 = $28,690/yr 

= $12,600 

steam line relocation 
• $ 5,560 
= $ 100 

OM300 Maintenance Labor 

OM310 Scheduled Maintenance 
Subcontracted service for heliostat washing at $50/heliostat/yr x 818 heliostats 

= $40,900 
Removal and reemplacement of heliostats for well drilling operations 

Total OM300 = $62,020 

OM310 Removal and Replacl;!lllent of Heliostats for Well Drilling 
To remove/replace "'4 hours w/crew of 4 

Crew: 1 lead heliostat man 
2 normal maintenance men (from OM210) 
1 heavy equipment operator 

4 hours x 2 men x $17/hour = $136 Labor 
Forklift rental at $1200/mo = $ 40 

= $21,120/yr for years 1 thru 3. 

$176 per heliostat removal or replacement 

Over first 3 years, 18 wells will be drilled in heliostat field, requiring removal and replacement of 
"-180 heliostats. 

180 helio x $176/helio x 2 operators= $63,360 total cost 

63
3

360 = $21,120/yr over lat 3 years 

Continuing at"' same level for years 4 thru 26 to account for periodic well operations (further 
drilling, casing work, etc), 

* Labor rate includes shift premiums 
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Table C-12 Development of Yearly Material Cost for Field Piping Additions 
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TabZe C-13 Site-Specific STEOR Economic Parameters 

System Life 
Initial Year of Operation 
Rate of Return (Discount Factor) 
Depreciation Period 
Depreciation Method 
Levelized Depreciation Factor 
Federal Income Tax Rate 
State Income Tax Rate 

Composite Tax Rate 
Investment Tax Credits (Solar) 
Investment Tax Credits (Fossil) 
Insurance and Property Tax 

TahZe C-14 STEOR General, Economic Factors 

Rate of General Inflation 
Capital Escalation Rate 
Operations and Maintenance 

Escalation Rate 

TabZe C-15 Fuel, Cost Assumption 

7% 
7% 

7% 

26 years 
1985 
15% 
11 years 
ADR 
0.5891 
46% 

9% 
50.86% 
30.4% 
10% 

2.25% 

World Oil Price, 1980 $506/MBtu ($30.00/bbl) 
Quality Debit 10% 
Ad Valorem Tax Rate 6% 
Windfall Profits Tax Rate 30%* 
Royalties 7% 

"As-Burned" Oil Cost $3.56/MBtu ($21.11/bbl) 
Oil Escalation Rate 10% 
Electricity Cost $36.00/MWhe 
Electic Escalation Rate 9% 

* The windfall profits tax is levied on the difference of 
the Edison price after ad valorem taxes and the base 
price of $2.79/MBtu ($1~55/bbl) escalating at the GNP 
deflator + 2%, and is assumed to expire in 1991. 

TahZe C-16 Sandia-SuppZied Fuel, Cost Asswnptions (1980$) 

Nuclear $0.85/MBtu 
Coal $1.25/MBtu 
Oil $4.00/MBtu* 
Natural Gas $2.50/MBtu 

Fuel Escalation Rates 
General Inflation 8%/year 
Nuclear 1%/year above General Inflation 
Coal 2%/year above General Inflation 
Oil 4%/year above General Inflation 
Natural Gas 3%/year above General Inflation 

*Delivered fuel cost. 
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5.5 SIMULATION MODELS 

This section describes the simulation models used in calculating per
formance of the selected solar system and in the studies performed 
the selection of that system. 

5.5.1 Insolation·Models 

To perform yearly energy production calculations, the SOLMET typical 
meteorological year (TMY) insolation and weather data base was used be
cause no TMY data exist for the Bakersfield, CA area, the TMY data tape 
for Fresno, CA was selected. Fresno is approximately 100 mi northeast 
of the site, but was chosen as being representative of the San Joaquin 
Valley region. The typical meteorological years selected for each 
month for the Fresno data are shown in Table C-17. The average daily 
insolation calculated from the Fresno data is 6.21 kWh/m2/day. 

TabZe C-17 TypiaaZ MeteoroZogiaaZ Years for Fresno, CA 

January 1964 
February 1975 
March 1%8 
April 1953 
May 1968 
June 1962 

5.5.2 Performance Models 

July 1954 
August 1973 
September 1968 
October 1966 
November 1974 
December 1968 

The following models will be used in designing and evaluating the sys
tem performance: 

1) DELSOL - Calculates the optical performance, field layout and opti
cal system design for solar central receiver plants; 

2) RCELL - Optimizes heliostat spacings and tower heights and provides 
heliostat foundation coordinates; 

3) MIRVAL - Calculates heliostat field performance by Monte Carlo an
alysis for STEAEC analysis; 

4) TRASYS - Models receiver performance and calculates incident and 
absorbed heat fluxes on active surfaces and rP-flection losses; 

5) STEAEC - Models system performance with SOLMET insolation data to 
provide yearly energy output. 

5.5.3 Economic Models 

The models used in evaluating the system economics are: 

1) BUCKS - A required revenue analysis model for calculating the lev
elized cost of energy; 

2) STEORE - A net present value analysis model for calculating the net 
present value of the solar retro.fit system. 
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