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Erecting a pole circa 1948
PHOTO: NATIONAL RURAL ELECTRIC COOPERATIVE ASSOCIATION

“First come two men with a tape, a load of stakes and some paint. They
measure off the pole spacing. They quickly appraise the local conditions, paint
a few symbols on a stake and drive it into the ground. Repeating this process,
they move down the line. Pretty soon a truck loaded with poles comes along.
The driver and his helper read the symbols on the stake and kick off the
necessary pole. Then comes the assembly truck. The driver reads the stake’s
message, unloads insulators, nuts and bolts, a transformer, guys and anchors.
Next comes the post hole diggers and mechanics. The stake tells the diggers
where the hole should be dug, and it tells the mechanics what hardware should
be attached to the pole. Then a gang of men with pike poles and equipment
follow, quickly setting the pole in place. Then comes the truck to string the
wire. As it moves along, the linemen secure the conductors, hand the
transformers and otherwise prepare the line for service.”

-- M. Q. Swanson, the Rural Electrification Agency’s first chief engineer, on
early line constructjon technique
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POWER TRANSMISSION
REGIONAL HISTORY

Thomas Edison invented the incandescent bulb in 1879. Three years
later he began generating and delivering electricity via direct current to
85 customers in lower Manhattan. By 1900 residents in every major
American city had electric power, and by the 1950s, virtually the entire
country was electrified. But rural Northeastern Nevada was still
without power. The region was known as the “Last Great Power
Desert”.

In 1925 University of Nevada electrical engineering graduate Harry
Cazier applied to establish a private power company in Wells, NV which
eventually became the first rural electrification project in Nevada.
Wells Power Company started with the smallest hydro-electric
generating plant General Electric made at 120 kilowatts. It was
located at the headwaters of Trout Creek, eight miles west of Wells in
the East Humbolt Range. On December 17, 1927 Wells Power
Company energized the plant and within a year, two gas engines were
added to supplement the output of the power plant during peak
demand. These were followed by a 50-kw generator from a mining
company, and then three 90-kw diesel generators. Within a few more
years, two 300-kw generators and a 500-kw Worthington were put on
line.

In 1960, Wells and surrounding areas were converted from private to
public power when Wells Power Company was sold to Wells Rural
Electric Company. Under WREC, power was extended to Clover Valley,
Ruby Valley, Metropolis and a number of ranches that had been
working off of their own small but loud diesel generators. In November
of 1960, a 138 kv transmission line was completed from Idaho Power
Company's King station near Hagerman, ldaho approximately 130
miles south to Wells.

During WWII electric power in Wendover was supplied from four
generating sources: Wendover Air Force base, the State Line Hotel &
Casino, Peterson’s Market & Western Service Station. After the war,
Wendover Power took over the base generators. In 1962, Wendover
Power Company was sold to Wells Rural Electric Co-op and power was
extended to customers in Oasis, Prequop Station, the Lee and Jiggs
area, the O-Neil country north of Wells and the Marys River country
north of Deeth. In 1979 Carlin’s municipal power plant was shut down
and its customers began getting electricity from WREC. In 1986 a
power line was finally built to Pine Valley, one of the last places in the
states still not served by central station electricity.




Imaginary lines of force pull oppesite poles together.

There is a way of mapping out magnetic lines of
force. All you need do is to put the magnet on a table
and lay a card over it. Then scatter some tiny bits of
iron (iron filings) all over the card. Tap it with a pen-
cil, and the filings will line up to give a very real-look-
ing picture of the lines of force.

Here, the lines of force are pushing two similar poles apart.
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Like a pump, a battery keeps current flowing.
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| To make electricity useful, the current must keep on
flowing. If you wanted to make a water system where
there would be a lasting current, you could hook up a
pump and a loop of pipe as in the picture. The pump
keeps up a difference of pressure between its outlet and
its return connection, and this sends the water around
the loop again and again.
In the same way you can hook up a loop of wire to

the two posts (or terminals) of a battery, which is a

Fl

kind of electrical vaBl



Electricity

|
|

_ |
on the Move |

Steam power plant

Substation

Step-down
transformers

Step-down transformers

"uInJ |eloueUl) 03 Wiy SUIAUP ‘da1jJes Sieah £ 10BIJU0D
e Wiy pasniel pey 1'9]y PaWIB|d 9 "S91B1S Pallu SU3 JO MOJYMaAO ssauisng 319 pue
jeaiyijod ay) pajeooApe ‘pies ay ‘Uolym ,Awliy uedlgndsy uedLiawy,, syl pajeds ay jeym Jo
Japes| 8yl 8uleq 0] pajiiwpe snoig “1jopog HAGoy PUB SUUL 91IM S,SN0JEG 919M PSAJOAUL
oSly AN ‘Ouay jJO ussual sjeq pue ‘AN ‘pue|s| SuoT JO Snoig pieulag SiOm JWLO
2y} JO pasnode OM] 9| "Ue)() Ul SJaMm S||OUY pue UIBJUNOA Jepa) ‘Sisylo ay| ‘epeArsN
Ul Sem ‘9IS UDION JoAOpUSA 9U) ‘Wiay) O auQ "dn umo|q a4am a3nod YXO 7 ulew ayl uo
uoinels Jajeadat punosdiepun ue pue suoijels Jojeadal aABMOIDIW OM] ‘T96T ‘82 AN UO

'SUOIIRLS YXO T UIBW BY3 Ut S4e3usd Suiyoums NOAOLNY U3 Pajedo|-00 pue
wolsAs auoydelel asusep suoje puels NOAOLNY 2U} padojarep walsAs suoiesiunwiuwo)
[euolleN pawuo) Amau oyl ‘SISUD S|ISSIN UBgn) Byl Jayy  INO|IB) aAldeOipE.d
pueISyliM 0} PlaIYs aA130810.4d B UM PIISA0D 3Jdm SUIOY SABMOIDIN ABME Sajiw %4 2
1se|q uoledsl Oz B pueiSUlIM O} pauspiey Ajjni a1am Joyla803 sa1nod a|qed [eixeod 3upmul|
SUOIIRIS Ul "SUNDAIO |BOILID SSUSEP JOJ WNIpaw uoissiwsuesy Aewnd ayy se usasoyo
sem £ ‘Suims [N} OJul JUSM JBM PIOD dU} SB INg ‘OleJ} UBHIAID 1O} POsSn aiem saul|
1SON "ainjesadulal JUBISUOD aU] JO a8ejUBAPE 9%B1 0} PUNOJBIapuUN PalINg aJam sidjeadal
pue 2|qeo |eIxeo) Wa)sAs UOISSIWSURI] UOISIA9I9) pue auoydsjey Ayoedes ydiy e se
1IMM 03 Joud padojeasp sem XD ] "SABMOIOIW pUEB 3|qed Y10 JOA0 JUSM UDIYM HIomidu
e ‘(sauln 8uo eye ajge) |ejuaunuoodsuel] ayy ‘Apiignd 4o YXO 1) walsAS jeixeo) Jsiuue)
7 89U} Sem Swil B JO) WLSYSAS dU} JO auOgyORQ Byl SHNILID Aell|lw paulejulewl Os|e
1’81V UOIleU By} Ul 801AISS SSaUIsNg pue jeuosiad Jo) Salim uolssiwsuel} pue weswdinba
‘ssuoydse} || Ajlenuia paumo Auedwod sy Auedwo) ydeiBsjp) pue suoydsie
uBOLIaWY 8U) JO UOIIBaID Y} 0} Pa| Aunjuad y&T 18| 8y} Ul suoyds|a) ayy JO UOIUSAUI BY |

'S901IAI9S palefal pue susjsuel) Asuow ajpuey 03 paziuedioal
Sem UOlUN WI91sap S8AT Ag  'saliim asn jou pIp 1By} sald0jouydsl  uolIssiwsues)
paads-ydiy JO 1USAPE Byl UM ‘[IMM Joue pepud eie ydeu3spl oyl  pais|dwiod
2JoM S3|QeD dljuejlBSURI) 3S4l} 8Yl QOKT U] SPJEPUELS UOI}eDIUNWWOD |BUOlBUIa}UI
ysi|geise o0} pawuo} sem uolun ydeu3sje] |euoijeusaiul dyl GOKT ul pue ‘ydeuds|s]
ay) jJo suoneondde jeuoneutalul ayl ul maid JSaI9)U]  ISBOD )}SBS Y} O) UdY} pue
1SOMpIW dY} 0} 1841} 00SIOURL{ UBS BUIl0BUUOD ‘Sul| [BJUSUUOISURL) ISJl) dY) paje|dwod
Aoyl TOK/T U] "walsAs ydei3sel |euoljeu JueuILOP 1S4} 8y} awedaq Auedwo) ydeads|o |
UoIUN UJSISSM\ ‘OGST U] POMOJ|0) UOOS S3DIAJDS alim J9Ylo pue ‘sasuadxe ydeu3s|e)
jood 0} SYQT Ul PAWLIOS SBM SS8id PalRIo0SSY 8yl -oiesy peodjies Suideuew jo Aem
e Se pasn AjjeulSuo Sem )| 8T Ul pa1d|dwod sem SN dyy ul weisAs ydeids|a) 3s4y ay |

‘pesisul
pawJo} ate ‘Bujuoseas ajesodiod 0} Suusype ‘sajjodouow ajeaud moN - saljodouow
paie|nSal-usiuIsAo8 1oy paAtasal Ajsnoirald sieysew ul uonisdwod Suimoljie Aiysnpul
Woosa} 83 4O yonuwi psjendassp (YOT-¥0T ON "7 ‘dNd) 9661 O 10V SUOIBIIUNLWWODSR |
ayl ‘(Bl9lBW  paljiUSUBIY  JO  JUSIUCD  8Y] puB  SWalsAs  uoleaiunwwoosel
jo Suidud sayy ‘uoneoojje Adusnbau) ajeindas SjusWIUISAC3 d)e1S pue |Bi9pd) ‘Ajjusdal
|QUN  Seapl adueyoxe 01 SN MOj[e syJomiau Joyndwod pue ssuoyd |90 ‘Xe) ‘UOISIASIY
9}1||91BS ‘UOISIAS[R) B|gRD ‘UOISIAS|R) Isedopeolq ‘Jepes ‘Olpes ‘suoydsfey ‘ydeSsiel

pJeoe|d Aupioe) 11V - "AoRIDOWSP JO UDEPUNOY Y] SI SUOHRIIUNWIWOY)

6661 KB ‘OVSONID ‘4amod 'S'| "udy) - ‘uodeam jeyyaf £1a4 e Jou sy jeyl pue
‘ysap AW Sy j0U0D | jfR ‘SUORRIIUNUILIOD INOY}IM JRY) KBS 0) ay1f | ~souepodwi 1sajeald ayl 4o ‘aloflay}
sJ U0f0810.d JBY] PUR ‘UORZIURBI0 DY DIUB BU) JO WBSAS SNOAIDU DY} BJE SUCJIRIIUNWIWOY

MmeT uedliawy Jo e1pado|dAoul s JSOM - ‘sasindwy 10
Sjeuss offouBewoyoafa J0 2JU0J1D3(d {0 W0y BY] U] elep 10 saew| ‘SPUNOS ‘SPIOM JO UOISSIwSueI} Y[

SNOILVOINNWINOD313L




Transformers like this reduce power for safe use in homes.
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Fig. 3. Typical supports. |
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Transmission refers to the movement of large currents over grid systems that can span
continents. From the generator, electrons travel a short distance to a nearby
transmission station where voltage is increased to high levels with a transformer. The
power is then sent into a grid consisting of thick cables supported by high towers. A
transmission grid connects generators to each other and to substations where voltage is
reduced for distribution. Grids are transportation systems. A high-voltage transmission
grid is an interstate for electrons. Transmission lines are rated from 115kv to 765kv.
Distribution lines are generally between 69kv to 138kv. As the electrons move further
down the system, voltages are dropped below 69kv and routed to various local
substations and transformers. When electricity arrives to homes it is rated at 240y,
which is what larger devices such as laundry machines may draw, but power at most wall
sockets is stepped down to 120v.

Interconnections permit a utility to spread its generating plants over a wide area, and
provide regional backup in case of problems at a given plant. In 1963, a New York utility
went down and inadvertently caused domino-like massive failure of a series of other
generating plants, which ostensibly could have taken down every utility in the country. To
prevent this sort of thing from ever happening, the US was divided into 3 main
interconnections: Western, Eastern and Texan/ERCOT. Each region is self sufficient,
though they are tied together with DC interties. Instead of individual utilities having to
build extra generators to cover routine or emergency shut-downs, they can buy power
from each other as needed via the interconnection.

This high level of system integration can lead to problems. In August, 1996 a series of
failures during a period of heavy demand led to a destructive cascade as plant after plant
switched out of the grid to avoid equipment damage. As more and more power is forced
through a transmission line, its temperature rises and it expands or ‘sags’. The 1996
blackout was started by a line sagging into a tree branch and shorting out. As current
was rerouted to alternate lines, some of them also sagged into trees. Within minutes
much of the west was off line. Over time, expansion and contraction can cause lines to
wear out. Lines face other stresses including sabotage, wind, weather and solar flares
which can induce large current in grids. The power grids themselves act as giant
antennas, and when the earth below them is particularly non-conductive, the
electromagnetic energy will travel through the grid instead.
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Direct Current (DC) can be thought of as a constant gush of electrons. Alternating
Current (AC) operates by oscillating back and forth at a specific frequency. n the United
States, this frequency was arbitrarily set at 60 Hertz or cycles per second. In Europe, 50
Hertz is used. Generators connected to a common grid must be kept in synchronous
operation to maintain the 60Hz frequency. Since electricity cannot be stored, grids must
remain constantly energized. The amount of power generated must remain the amount
demanded at any given time. Instabilities in the system, if not corrected, can cause it to
collapse and result in blackouts.

Most transmission systems operate with AC, which can be transmitted economically
across long distance lines. But High-Voltage DC lines have been used on some routes
since the 1960s. DC transmission fell out of favor after its early beginnings in the 1880s
because there was no efficient way to change its voltage and transmit it more than a few
miles. Later, technological advances led to several western DC projects including the
Pacific DC Intertie in 1970 and the Intermountain-Adelanto DC tie in 1986. These
systems convert generated AC to DC with a rectifier before transmission, and then back
to AC with an inverter for distribution to end users. Using HVDC overcomes the problem
of synchronizing at 60Hz as DC has no frequency. Though it is generally only economical
over very long distances, using voltages of 500kv or higher.
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_ | WESTERN SYSTEMS COORDINATING COUNCIL
| MAP OF PRINCIPAL TRANSMISSION LINES
JANUARY 1, 1998
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1. BONNEVILLE POWER ADMINISTRATION
2. WASHINGTON WATER POWER COMPANY
3. SEATTLE CITY LIGHT

4. TACOMA CITY UGHT

“v»ninomv .
m.
u.
m.

) |
\%v | PORTLAND GENERAL ELECTRIC COMPANY
\W { PUGET SOUND ENERGY
o | CHELAN COUNTY PUBLIC UTILITY DISTRICT
_ et A j 9. DOUGLAS COUNTY PUBLIC UTILITY DISTRICT
W li 10. GRANT COUNTY PUBLIC UTILITY DISTRICT
| | | 11. NEBRASKA PUBLIC POWER DISTRICT
Mmoo 12. TRI-STATE GENERATION & TRANSMISSION ASSOCIATION
13. WESTERN AREA POWER ADMINISTRATION - MID-PACIFIC AREA
Wirmimimme i 14. PACIFIC GAS AND ELECTRIC COMPANY
| 15. STATE OF CALIFORNIA - DEPT OF WATER RESOURCES
<emee . 16. SIERRA PACIFIC POWER COMPANY :
| 9vaHne 17. SACRAMENTO MUNICIPAL UTILITY DISTRICT _
~—— Iva10108vUvd 18. DEPT OF WATER & POWER - CITY OF LOS ANGELES |

B 20. METROPOLITAN WATER DISTRICT OF SOUTHERN CALIFORNIA )
| : 21. SAN DIEGO GAS & ELECTRIC COMPANY i
22. BRITISH COLUMBIA HYDRQ & POWER AUTHORITY
23.  WEST KOOTENAY POWER LTD
, 24. THE MONTANA POWER COMPANY
| € i * 25. IDAHO POWER COMPANY

}

|

|
i
m : 19. SOUTHERN CALIFORNIA EDISON COMPANY
|
|

26. WESTERN AREA POWER ADMINISTRATION - UPPER MISSOURI AREA

27. WESTERN AREA POWER ADMINISTRATION — LOWER MISSOURI AREA

28. NORTHERN CALIFORNIA POWER AGENCY

29. WESTERN AREA POWER ADMINISTRATION ~ LOWER COLORADO AREA

| 30. ARIZONA PUBLIC SERVICE COMPANY :

31. . SALT RIVER PROJECT

32, TUCSON ELECTRIC POWER COMPANY

) 33. WESTERN AREA POWER AOMINISTRATION — UPPER COLORADO AREA

34. WESTPLAINS ENERGY

35. PUBLIC SERVICE COMPANY OF COLORADO

s 36. COLORADO SPRINGS UTILITIES

i /] “37. TRANSMISSION AGENCY OF NORTHERN CALIFORNIA

| 38. PLAINS ELECTRIC GENERATION & TRANSMISSION COOPERATIVE, INC.

7 39. BUREAU OF RECLAMATION, U.S. DEPT. OF INTERIOR
40. { PUBLIC SERVICE COMPANY OF NEW MEXICO

| 41, ' EL PASO ELECTRIC COMPANY

ﬁ 42. NEVADA POWER COMPANY

, 43. BLACK HILLS POWER & LIGHT COMPANY

I 44. ARIZONA ELECTRIC POWER COOPERATIVE

45. PLATTE RIVER POWER AUTHORITY

46. TRANSALTA UTILTIES CORPORATION

f ’ 47. DESERET GENERATION & TRANSMISSION CO-OPERATIVE

w 4B. BASIN ELECTRIC POWER COOPERATIVE
49. IMPERIAL IRRIGATION DISTRICT

1 50. -INTERMOUNTAIN' POWER AGENCY : /
51.. . COMISI DERAL . DE :ELECTRICI

T . 52. E%W&.m:oz o..m.._.wmm._\m ps

ﬁ 53. 'MODESTQ IRRIGATION DISTRICT

1 - 54. CITY OF FARMINGTON

55, TEXAS — NEW MEXICO POWER COMPANY

§6. CITY OF VERNON

57. UTAH MUNICIPAL POWER AGENCY
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; Showing induction and external field. Space S is completely
! shielded.
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Figure 16-1.—Essential parts of a rotating-field
a-c generator.
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Figure 17-1,—Development of a rotating field.
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PHOTO: RICHARD MENZIES

The wireless transmission of energy was first proposed and tested by Nikolai
Tesla in 1899. On returning to New York in 1900, he wrote and published the
landmark treatise "The Problem of Increasing Human Energy" in Century
magazine. It included a long discourse on alternative energy sources such as
solar, wind power, and his own wireless transmission system. This was the
same man who, 12 years earlier, had invented polyphase alternating current
(AC), the system used today by virtually every commercial electric power
network. Tesla also pioneered high-power RF work, which basically required that
he invent the radio first. While there's no doubt that Enrico Marconi did the real
grunt work needed to get wireless telegraphy going as an industry, it
necessitated using 14 Tesla patents, as later proven in the U.S. Supreme Court.

In 1974, Robert Golka took up residence in Wendover’'s 60,000 square foot
Enola Gay aircraft hangar. Over the next 8 years he assembled the world’s
largest Tesla coil from sundry salvaged military hardware and attempted to
recreate Tesla’s experiments with ball lightning and wireless electricity. He had
limited luck. Neighbors complained his experiments disrupted their television
reception and he was perceived as a freeloader. Golka was eventually forced
out of town in 1980 when the USAF who had been charging him a nominal
dollar a year rent on the hangar, donated the entire inactive air base to the town
of Wendover. The town, in turn, upped Golka's rent 2,400 percent, resolutely
terminating his residency.

For more on Robert Golka's Wendover tenure, see Robert Frank's film
“Electricity and How to Get It” starring William Burroughs as The Fed, and
Golka as himself.
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In 1987 Golka relocated his lab to Leadville, Colorado, not far from the town of
Colorado Springs, where Tesla had investigated wireless transmission a century
earlier. He brought with him thirty tons of equipment on three flatbed trucks,
his eventual aim to broadcast electrical waves that would traverse the globe by
a process he refers to as “Thumping the Schumann Cavity”. The Schumann
Cavity, also known as the Earth-lonosphere Cavity, exists at the base of the
ionosphere, around 60 miles straight up. It is a thin approximately concentric
cavity with electrically conducting walls which supports standing frequencies, or
resonates, at a number of VLF frequencies known as atmospheric harmonics.
Thumping the cavity basically amounts to getting it to vibrate, or oscillate, more
vigorously than usual at one of these resonances. This is done by reinforcing
the waves as they return to the broadcast site after having circled the glabe,
similarly to the way in which coaxial waveguide technology reinforces given
frequencies. The result would be a standing wave of electricity encircling the
earth which could ostensibly be tapped by some municipal electric company,
and then doled out to consumers. According to Golka and Tesla, wireless would
be a highly economical alternative because electrical impulses (such as
lightning) can be sent around the globe with far less loss in amplitude than in a
transmission line, space being a better conductor than copper wire.

Today, various scientific projects such as HAARP in Alaska continue to
experiment with resonant auroral electrojet modification.

| PHOTO: RICHARD MENZIES
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Three of the thousands of modes of

oscillation possible on the sun.
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PHOTO INDEX- POWER

Burbank Gas Power Plant Control Room

Substation Transformer

Gadsby Gas Power Plant - Sublevel

Burbank Gas Power Plant - Pipe

Upper Salmon HydroElectric Power Plant - Turbine Shaft
Upper Salmon HydroElectric Power Plant - Sublevel
Intermountain Coal Power Plant - Storage Piles & Conveyor Belts
Intermountain Coal Power Plant - Cooling Tower Resevoir
Substation Reset & Trip Switches

Substation Reset & Trip Switches

Upper Salmon HydroElectric Power Plant - Tool Rack
Bingham Open Pit Copper Mine

Underground Electric Cable Signage

1000mcm Insulated Copper Cable

Underground Electric Cable Signage

500kv HVDC Intermountain Line, Delta to Los Angeles/Adelanto
500kv AC Idaho Power Line, Twin Falls to Las Vegas

Oasis Substation

Wendover Substation

138kv AC Idaho Power Line, Wendover to King/Upper Salmon
138kv AC Idaho Power Line, Wells to King/Upper Salmon
Pole Transformer Bank & 7,200v 3-Phase Distribution Line
Pole Transformer Bank & 7,200v 3-Phase Distribution Line
7,200v 3-Phase Dist. Line, Wendover Peak Repeater Site Feed
1,440v Single-Phase Distribution Line
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ELECTRIC POWER
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BEYOND LINE OF SIGHT: A HISTORY OF VHF PROPATAGION,
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A HISTORY OF ENGINEERING AND SCIENCE IN THE BELL SYSTEM:
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PONY EXPRESS, BY FRED REINFELD
REMARKABLE LUMINOUS PHENOMENA IN NATURE,
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 Atoms Are Made of Electricity
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