
1 

BEFORE THE PUBLIC UTILITIES COMMISSION 

OF THE STATE OF CALIFORNIA 

Application of Pacific Gas and Electric 
Company to Recover Helms Uprate 
Costs. (U39E) 

Application 23-12-014 
(Filed December 20, 2023)  

CALIFORNIANS FOR GREEN NUCLEAR POWER, INC’S 

AMENDED TESTIMONY  IN SUPPORT OF THE HELMS UPRATE 

REDACTED PUBLIC VERSION 

Gene Nelson, Ph.D. 
Senior Legal Researcher & President 

Californians for Green Nuclear Power, Inc. (CGNP) 
1375 East Grand Ave Ste 103 #523 

Arroyo Grande, CA 93420-2421 
(805) 363 - 4697 cell 

February 27, 2025                                                      Government@CGNP.org email 

Gene
Text Box
Confirmation Number: 0000008028 Officially Received: Tuesday, 03/11/2025 at 10:37:09 PM
A2312014 CGNP Redacted Amended Testimony in Support of the Helms Uprate 02 27 25
Proceeding: A2312014	E-Filed: Supporting Document	PDF (1047901 KB)
Published 03/12/2025  Accepted into Evidence 03/24/25
https://docs.cpuc.ca.gov/PublishedDocs/SupDoc/A2312014/8028/558427340.pdf




2 

I. Introduction and Summary 

Californians for Green Nuclear Power, Inc. (CGNP) observes that Helms 

Pumped Storage Facility (Helms) is providing safe, reliable, cost-effective long-

duration 1,212 MW electric power storage for the benefit of California ratepayers 

and the environment. At the time Helms was commissioned in 1984, the plant 

owner noted it was, "the largest storage battery in the world."  A pair of 

descriptive articles regarding Helms are found in Appendix 1 and Appendix 2.   

II. Key Difference between Helms and Battery Electric Storage 

Systems 

While Helms and Battery Electric Storage Systems (BESS) both store 

electrical energy, they are not interchangeable from a power engineering 

perspective. Without getting deep into math and engineering, the key difference 

is that Helms provides "muscle" to its electric power since it can provide large 

quantities of synchronous grid inertia (SGI) to stabilize the California power 

grid. 1, 2, 3  Most of the loads on the California power grid are large electric 

motors requiring a power factor of about 0.8 . These motors work best on a 

1  "Why is Grid Inertia Important? Without sufficient synchronous grid inertia, the grid becomes unstable and a 
blackout occurs.," March 4, 2024, GreenNUKE Substack.  (See Appendix 3.)                                            
https://greennuke.substack.com/p/why-is-grid-inertia-important 

2  "Gene Nelson Interview - Why California needs Nuclear Energy," February 6, 2025 1340 video podcast, Liberal 
and Loving It Substack. (Transcript available.)  
https://liberalandlovingit.substack.com/cp/156625622 

3 "Keep It Simple: How California's Power Grid Needlessly Increases Electricity Costs,"  REACT-Alliance  
Monthly meeting  48:46 video Podcast,  (Transcript available.) 
https://www.youtube.com/watch?v=WdWXWcCQc-Y 
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power grid with adequate SGI. Helms is well-maintained and will likely last at 

least another sixty years.  

On the other hand, BESS systems work best with resistive loads with a 

power factor of 1.0 .  BESS systems do not provide significant quantities of SGI. 

Even though California has installed over 13,000 MW of BESS, 4 Helms produces 

more SGI than all of those BESS units. Furthermore, BESS units have typical 

design lives between 10 and 15 years. As lithium batteries age, they become more 

vulnerable to developing internal shorts. The problem is the energy stored in a 

lithium battery make extinguishing a battery fire almost impossible until the 

battery is consumed, particularly when the battery is fully charged. The large 

battery fire at Moss Landing Power Station which began on January 16, 2025 

illustrates the reliability problem of BESS plants. 5, 6

III. Recent Helms Operational History  

Helms underwent large-scale operational maintenance during 2012 - 2014. 

The plant's owners were alerted to stress fatigue cracking in the rotor and pole 

laminations by the catastrophic failure of a similar hydroelectric pumped storage 

4  "California Energy Storage System Survey," September 11, 2024, California Energy Commission, Sacramento, 
CA.  
https://www.energy.ca.gov/data-reports/energy-almanac/california-electricity-data/california-energy-storage-
system-survey 

5  "A Net-Zero Chernobyl: California Battery Fire Releases Tons of Carcinogenic Metals and Toxic Gases - Toxic 
materials blanket communities, farms, and a sensitive estuary," February 8, 2025, Tuco's Child Substack. 
https://tucoschild.substack.com/cp/156758772

6  "California's grid batteries have turned out to be a risky and toxic business," February 11, 2025, Stephen Heims 
Substack.         https://stephenheins.substack.com/p/californias-grid-batteries-have-tumed 
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facility in Austria. 7 A summary article is attached in Appendix 5. 8 The root 

cause of the cracking was the increased number of start and stop operations 

necessary to accommodate the increased penetration of solar and wind during a 

24-hour-long period. Each of the three Helms pump-generator unit rotors weighs 

about a million pounds and is the size of a small house.  

Pair of Helms rotors. Each rotor stands about ten feet tall and has a twenty foot diameter. 9  Photo 

credit Renewable Energy World. Please see reference for additional details.  

7  "Helms Pumped Storage Facility Team Safely, Successfully Completes Unit 1 Planned Outage," Brian Bullock, 
December 16, 2015, PG&E Currents.  (See Appendix 4) 
http://www.pgecurrents.com/2015/12/16/helms-pumped-storage-facility-team-safely-successfully-completes-
unit-1-planned-outage/ 
https://web.archive.org/web/20160104221648/http://www.pgecurrents.com/2015/12/16/helms-pumped-
storage-facility-team-safelysuccessfully-completes-unit-1-planned-outage/ 

8  "PG&E celebrates 30 years at Helms Pumped-Storage," Clarion Energy Content Directors, August 6, 2014, Power 
Engineering.  (See Appendix 5)   
https://www.power-eng.com/renewables/pg-e-celebrates-30-years-at-helms-pumped-storage/ 

9  "Proactive Repair of the Helms Pumped-Storage Plant," Hydro Review Content Directors Nov 7, 2013, 
Renewable Energy World. (See Appendix 6.)

HTTPS://WWW.RENEWABLEENERGYWORLD.COM/ENERGY-STORAGE/PUMPED-
STORAGE/PROACTIVE-REPAIR-OF-THE-HELMS-PUMPED-STORAGE-PLANT
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One of three Helms stators. The above twenty-foot diameter rotor fits into the hole in the center. 

Note humans for scale.  Photo credit: Renewable Energy World

There are 20 rotor poles equally spaced at 18 degree intervals around the 

circumference of the rotor.  The rotor speed during generation is 360 RPM            

(6 rotations per second) which yields 60 Hz AC power.    

A 2023 Tri-Dam Project  10 packet included in Appendix 7 shows some of 

the ongoing Helms maintenance projects between 2011-2017. The number and 

scope of these projects are within the expected range for an intensely-used  

hydroelectric pumped storage facility that entered service in 1984.   

10   Agenda Materials for the Board Meeting of November 16, 2023, TRI-DAM Project, TRI-DAM Power 
Authority. (See Appendix 7) 
https://www.tridamproject.com/files/b3b85de78/E-pkt+11.16.23+rev.pdf 
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Here is a summary from the U.S. EIA of the power consumption of Helms 

between 2001-2021. 

As a consequence of the laws of thermodynamics and engineering, Helms 

as a power storage system always consumes power.  (The US EIA made it much 
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more difficult, but not impossible to obtain individual generator data for years 

subsequent to 2021.) 

Another approach to analyze Helms's performance is to obtain Pacific Gas 

and Electric's  (PG&E's) individual generator performance data from PG&E's 

annual FERC Form 1 filings. 11 This data may be utilized to determine the annual 

thermodynamic efficiency (ratio of input power to output power) of Helms. The 

highlighted thermodynamic efficiency for 2018 of 75.09% demonstrates the 

excellent performance capability of Helms.  

This paragraph that appeared here is deleted in the public and 

confidential versions of CGNP’s Amended testimony. 

11  PG&E's Annual FERC Form 1 Filing for 2023.  (This 2023 filing is reduced to extremely small type with loss of 
column registration between pages.) 
https://www.pge.com/assets/pge/docs/regulation/federal-energy-regulatory-commission/FERCForm1-2023.pdf 
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End of deleted paragraph. 

This is a graphical presentation of the projected annual Helms generation 

for the years from 2032 to 2059 based on PG&E's tabulation supplied in response 

to CGNP's Data Request 8 in the following section.  This chart  shows a 

significant benefit of the Helms Uprate project in the form of about 200,000 MWh 

of increased annual generation. 
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IV. CGNP's Data Requests Directed to PG&E  

As a consequence of factors beyond CGNP's control, CGNP's Motion for Party 

Status was not handled expeditiously by the CPUC. Furthermore, once CGNP became a 

party, PG&E had resource constraints that they had to manage in order to respond to 

CGNP's Data Requests. Thus, CGNP did not receive its first PG&E responses until 

January, 2025. Furthermore, PG&E indicated that some of the information CGNP was 

seeking was market-sensitive, hence confidential, which required CGNP to execute a 

NDA and to make a pair of filings. One is a public release version with redactions and 

the second version includes the information PG&E has designated as confidential. 

PG&E's complete set of data responses are found in Appendix 9, which excludes 

PG&E's confidential information. Extracts of PG&E's responses will follow each 

numbered CGNP data request paragraph in bold italics.

CGNP's Data Request for PG&E - Set  Number 1 - November 26, 2024 

CGNP believes that Helms Pumped Storage (Helms) provides necessary synchronous 
grid inertia for the California power grid.  Each of the three generators has a rotating 
mass exceeding a million pounds, which is comparable to the mass of each of the pair of 
generators at PG&E's Diablo Canyon Power Plant (DCPP.)  12

Furthermore, because of the large torque demands necessary to pump water uphill at 
Helms, CGNP believes that Helms is supplied this power at night, instead of during the 
day when there is excess solar generation at mid-day.  
Here is a data table developed from PG&E's 2023 FERC Form 1. CGNP observes that 
the line 28 Helms expenses per kWh are comparable to those for DCPP during the 
initial period of  extended operations as determined in A.24-03-018.  

12  CGNP calculates the synchronous grid inertia (SGI) contribution of each DCPP generator is about 7.5 times the 
SGI contribution of each Helms generator. The reason is that DCPP's generators operate at 1,800 RPM,  five times 
the rotational speed of each Helms generator. The formula, calculation,  and references are found in  Appendix 8.



10 



11 

 Furthermore, here is a tabulation from the U.S. EIA showing Helms Pumped Storage 
annual  power consumption for the years from 2001 to 2021: 

Question 1:  CGNP wishes to confirm each of  the annual values shown in the 

above U.S. EIA tabulation for 2001-2021 corresponds to the  Line 11 value [Net Output 
for Load (line 9 - line 10) - kWh ] in the above  2023 PG&E FERC Form 1 tabulation. If 
CGNP's understanding is correct, the values for most years in the U.S. EIA tabulation 
are approximately equal to the Line 11 value shown in the 2023 PG&E FERC Form 1 
tabulation - with the correct negative sign.   Yes 
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Question 2:  In PG&E articles from the 1980s, Helms was described as, "The World's 

Largest Storage Battery" with a thermodynamic efficiency of 75%, comparable to the 
value calculated by CGNP in the spreadsheet based on the  2023 PG&E FERC Form 1. 
With a thermodynamic efficiency of 75%, the Helms annual  net generation value is 
three times the Line 11 value with the opposite sign. Please explain the discrepancy 
between  the expected  capacity factor value of approximately 25% based on power 
arbitrage when Helms would be "charged up" during the night and discharged during 
the late afternoon and early evening load peak and  the significantly smaller capacity 
factor shown (10.17%)  in the spreadsheet based on the  2023 PG&E FERC Form 1. This 
was an inaccurately phrased question. The generation water duty/pump water duty = 
70.9%. Helms also produces ancillary services not necessarily reflected in the 
generation values.  

Question 3:  Line 21 shows the total capital cost of Helms to be about  $1.47 billion 

in 1985 dollars. Based on approximate cost escalation factors, what would Helms cost to 
construct today?  PG&E does not have a reference to make such an estimate.

Question 4:  CGNP requests an hourly histogram showing annual averages for 2023 

with a supporting tabulation showing the hours of the day that Helms is charged and 
the hours that Helms is being discharged. The y-axis would be charge or discharge 
power in MW and the x-axis is the 24 hourly blocks during a day. CGNP anticipates 
based on synchronous grid inertia considerations that Helms would be mostly be 
charged up at night when there is surplus power from both DCPP and out-of-state coal-
fired power instead of during the day when there is surplus solar power which does not 
provide synchronous grid inertia.  (This histogram may show discharge during mid-
day hours if the CAISO grid has insufficient synchronous grid inertia.)                           
See the attached Declaration of PG&E  Kurt Hanssen regarding confidential market-
sensitive procurement data  supplied to Cal Advocates which was executed on March 
29, 2024. After CGNP executed a NDA on January 2, 2025 and PG&E approved the 
NDA, CGNP was supplied with the same confidential spreadsheet as Cal Advocates. 
CGNP used the spreadsheet to prepare yearly hour-by-hour aggregations of Helms 
generation and power consumption. Both CGNP's confidential charts and CGNP's 
confidential spreadsheet showing the detailed data are found on subsequent pages only 
in the confidential version of CGNP's February 14, 2025 Testimony. 

Question 5: Helms  was expected to have a single charge and single discharge cycle 

per day when it was placed in service in 1985. Based on the physics, there is 
considerable wear and tear associated with each of these cycles. The cracked rotor was 
discovered that forced an outage was likely connected with an increasing number of 
daily cycles.  How many daily charge and discharge cycles are anticipated following the 
uprate?  Has the design of Helms been modified to better tolerate an increased number 
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of daily cycles?  No response. However, the PG&E articles included in the Appendix 
support an affirmative response to this question. 

Question 6:  CGNP notes that the ERCOT grid experiences periods when there are 

large amounts of inverter-based resources (IBRs e.g. solar, wind, and batteries ) present 
that do not provide significant quantities of synchronous grid inertia. ERCOT must 
assure adequate synchronous grid inertia to insure grid stability by insuring that a 
sufficient number of large synchronous generators available during these times (e.g. 
critical grid inertia.) Please describe Helms's role in providing adequate synchronous 
grid inertia for the CAISO grid when there are large amounts of IBRs on the CAISO 
grid. Please use the approach to that outlined in our question 4, above. PG&E's witness 
Jenn Scott was unaware of such data. (CGNP performed a pro-forma calculation with 
supporting references shown in Appendix 8.) 

Question 7:  What is the maximum amount of synchronous grid inertia presently 

associated with each of the three pump-generator units at Helms? How does this 
amount compare with the amount of synchronous grid inertia provided by each of the 
two DCPP generators?  PG&E's witness Jenn Scott was unaware of such data. (CGNP 
performed a pro-forma calculation with supporting references shown in Appendix 8.) 

Question 8:  What is the anticipated line 9 annual value (Generation, Exclusive of 

Plant Use - kWh) for Helms's FERC Form 1 tabulation following the uprate? Will the 
uprate change the amount of synchronous grid inertia produced by each pump-
generator unit?  
Witnesses Jenn Scott and Kurt Hansen provided a tabulation for 2032-2059.  CGNP 
converted the tabulation of Helms projected annual total generation into the chart 
appearing on the page before Section IV. SGI is not currently valued in the CAISO 
system. The SGI will likely not change following the uprate, which will allow Helms to 
continue to provide SGI. The benefits of this inertia are not quantified in PG&E's net 
market value calculation for Helms. SGI is currently a qualitative benefit. 

Question 9:  Please explain why the capacity factor for Helms hours connected 

based on line 6 (35.92% in 2023) is more than three times the amount CGNP calculated 
based on Line 9 power production (10.17%.)  If charge hours were equal to discharge 
hours, only about 20.34% would be expected.  
A unit at Helms operates anywhere between 83 MW and 407 MW. This is the reason for 
the discrepancy. 

Question 10: Please explain why the line 36 amount (Pumping expenses) is set to 

zero in PG&E's FERC Form 1 tabulation. CGNP observes CAISO locational marginal 
prices (LMPs)  at night were $46.31/ MWh at 3:50 AM PST on November 26, 2024 when 
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the grid was not stressed.  (When the CAISO grid is stressed values of  $80.00 / MWh or 
more are common.)  
Line 36 is intentionally blank. Quoting from PG&E's response, "Helms pumping is paid 
for through the CAISO Market. CAISO Settlements bills PG&E for the cost to pump at 
the applicable CAISO Market prices and pays PG&E for Helms generation, as well as 
ancillary services at CAISO Market prices. In 2023, PG&E paid the CAISO $48.6 
million for the energy needed for pumping.  

Overall, even though Helms uses more energy to pump than it produces in generation, 
the CAISO Market Revenues for Helms are positive because of the difference in 
wholesale energy prices at the times of pumping and generation and because of the 
CAISO-compensated ancillary services Helms provides to the grid." 

Again, the set of PG&E's responses to CGNP's first set of data requests are 

included in Appendix  9, which is non-confidential.  CGNP's second data request 

was sent by email on February 10, 2025 and answered on February 11, 2025. 

Here's the text of those emails. CGNP added the yellow highlighting to PG&E's 

response. 

The emails shown immediately below are confidential PII 
From: government@cgnp.org <government@cgnp.org> 
Sent: Monday, February 10, 2025 2:20 AM 
To: Phung, Sarah                                                               Cc: Yang, Yvonne                                  ; 
Mathai-Jackson, Grady (Law)  
Subject: Re: [A.23-12-014] Helms Uprate Project - CGNP's request for PG&E's Approval of their 
aggregated Confidential Daily Helms Data

CAUTION: EXTERNAL SENDER!

This email was sent from an EXTERNAL source. Do you know this person? Are you 
expecting this email? Are you expecting any links or attachments? If suspicious, do not 
click links, open attachments, or provide credentials. Don't delete it. Report it by 
using the "Report Phish" button.

10 February 2025

Hello, Grady, Yvonne, and Sarah: 

Party CGNP respectfully requests approval of CGNP's planned public release of PG&E's 
annually aggregated daily (by hour) Helms Pumped Storage (Helms) generation and power 
consumption for the years 2021 through 2023 in both tabular and graph form. 
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CGNP sorted (in date order) the daily (by hour) confidential Helms generation and power 
consumption data that PG&E supplied to us under the terms of their NDA. We have attached 
PG&E's reorganized confidential spreadsheet with the gray tinting preserved. When we 
annually aggregated the hourly generation and power consumption data, our annual sums 
for each hour (0 to 23) are tabulated and placed in new cells without any tinting.

We then copied each of those annual summary cells to a new summary spreadsheet 
appearing below the PG&E spreadsheet. The summary spreadsheet was used to prepare the 
two graphs showing aggregated Helms hourly power production and power consumption for 
the years 2021 through 2023.  We also created a new tab with the aggregated data by hour 
for each year. This new tab was used to print the tabulated aggregated data. CGNP 
prepared PDFs of the aggregated annual generation by hour (MWh), the aggregated annual 
power consumption by hour (MWh) and the spreadsheet showing Annual Totals by Hour for 
both generation and power consumption. Near the bottom right hand side of this 
spreadsheet, we calculated the annual thermodynamic efficiency (the ratio of Power output 
to load) for each of the years 2021 through 2023.

_____________ 

The red figures in the paragraph below are confidential information. 

As our next data query, CGNP would appreciate any assistance in helping us to 
understand  why our calculated 2023 total of                        MWh does not match the 2023 
annual power generation (line 9 in the 2023 FERC Form 1 = 939,079,242 kWh) statistics 
shown in our 2023 FERC Form 1 spreadsheet used to supply PG&E's attached Data 
Response HelmsUprateProject_DR_CGNP_001-Q010  (We believe the file numbering should 

be A2312014 instead of A2310014.) Similarly, The 2023 MWh power 

consumption we calculated does not match the energy used for pumping  (line 10 of the 
2023 FERC Form 1)  shown as 1,299,050,164 kWh. While we have carefully checked our 
calculations, we may have inadvertently made a calculation error.

We remain optimistic that our proposed disclosure may be reviewed and approved by PG&E 
in time to meet the Friday, February 14 deadline for us to file a Motion to Admit our written 
testimony in A2312014. One of our Appendices will be all of PG&E's public responses to our 
data queries. 

Please advise via a memorandum emailed to us in advance of the Friday deadline if PG&E 
will be unable to meet our proposed schedule. We will need to know PG&E's anticipated 
schedule. We will attach the PG&E Memorandum to our Motion to Extend the deadline for 
party's Motions to Admit. If necessary, the latter motion will be filed with the CPUC as soon 
as we receive PG&E's Memorandum.

Sincerely,

/s/ Gene Nelson, Ph.D.  CGNP Senior Legal Researcher and President 
Californians for Green Nuclear Power, Inc. (CGNP) 
1375 East Grand Ave Ste 103 #523 
Arroyo Grande, CA 93420-2421 
(805) 363 - 4697 cell 
Government@CGNP.org email 
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https://CGNP.org website   
https://greennuke.substack.com  Substack

___________ 

On 2025-02-11 08:00, Mathai-Jackson, Grady (Law) wrote:

Hello Gene, 

Thank you for your email and continued engagement on this matter. 

With respect to your request for approval to make public the annual aggregated data by 
hour, which is derived from confidential data provided by PG&E, I have consulted with 
the subject-matter expert familiar with the market sensitivity of this data and have 
confirmed that the data you provided remains market-sensitive and, therefore, 
confidential for the reasons set forth in PG&E's original declaration accompanying the 
data response.  This does not restrict CGNP's ability to seek admission of the data you 
have developed into evidence, but you would need to file a motion to seal the evidence 
that you are seeking to admit and you could only provide a confidential (unredacted) 
version of your testimony to non-market participants who have executed an appropriate 
non-disclosure agreement. 

I'd like to note that PG&E has reviewed but not independently confirmed the accuracy of 
your derived data. 

With regard to the discrepancy you note with PG&E's 2023 FERC Form 1, it is my 
understanding that the annualized data developed using the CAISO settlement data 
provided to CGNP does not match the FERC Form 1 reported data due to vintaging of 
the data.  The FERC Form 1 data relies upon data prepared in December.  That data 
continues to be updated into the following year. 

Best Regards, 
Grady 

V. CGNP's Summary of PG&E's Helms Confidential Data 

CGNP prepared a pair of charts and a table showing the hour-by hour 

generation for Helms for the years 2021 through 2023.  Per the above February 

11, 2025 letter from PG&E, this information is presented only in the unredacted 

version of CGNP's comments. 
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Here's the Helms hour-by-hour generation chart showing there are a pair 

of generation peaks. The smaller one is for the morning load peak. The much 

larger load peak is for the late afternoon and early evening load peak, as 

expected. 

This chart is confidential information. 

And here's the Helms hour-by-hour power consumption chart. The bulk of 

the power is consumed by Helms in the middle of the day. However, a non-

negligible portion is consumed between hours zero to six when there is no solar 

generation. CGNP previously observed the locational marginal prices (LMPs)  of 

California power are now substantial during the interval from zero to six hours. 

When Helms was commissioned in 1984, CGNP believes that this time interval 

had the lowest cost power. However, the large penetration of solar and wind in 
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the California grid has substantially increased the LMPs during this interval, 

another imposed cost of California's post-2010 energy policies.    

This chart is confidential information. 

Finally, here is the hour-by-hour annual summary of generation and load 

spreadsheet for the years 2021-2023. CGNP's calculations of the annual Helms 

thermodynamic efficiency show good agreement with the annual values 

calculated above based on PG&E's FERC Form 1 filings.
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This table is confidential information. 
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VI. Discussion 

The Helms annual performance data from 2021 to 2023 shown in the 

previous section are consistent with a well-maintained high-capacity 

hydroelectric pumped storage (HPS)  facility. There are few California locations 

well-suited for a HPS facility. Properly managed and maintained, HPS facilities 

are very safe. On the other hand, the upper reservoir of the Taum Sauk HPS 

system failed catastrophically on December 14, 2005. Despite a massive wall of 

water heading downhill, there was no loss of life, only significant property 

damage. Here's a short video that explains the 2005 events in Missouri. 13

Comparison of the two HPS facilities shows Helms takes a much safer approach 

with a dedicated full-time professional staff totaling about 25 that remain on-site 

even when they are snowbound there during the winter months. 

VII.  Conclusion 

Independent nonprofit intervenor CGNP has provided an in-depth 

engineering and economic analysis supporting the planned Helms uprate for the 

benefit of California ratepayers and the environment.  

Dated: February 27, 2025  

Respectfully submitted,  

/s/ Gene A. Nelson, Ph.D.  

13   "The Wild Story of the Taum Sauk Dam Failure," October 15, 2024, 20:09 video by Grady Hillhouse, Practical 
Engineering YouTube Channel.          https://www.youtube.com/watch?v=zRM2AnwNY20
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