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Review of the San Juan-Chama controller - Control parameters ,---- - - - -- - -

I 
Messrs. W. M. Colvin and E. A. Serfozo. Electrical Branch, have ,------------
installed in the Hydraulics Laboratory a demonstration model of a L __________ _ 
check g te controller similar to that installed and in operation 
on the San Juan-Ch Project. 

I WaB requ .. ted by Mr. Colvin to det rmine the control parameters 
that are required to insure operational stability for any particular 
situation. 
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The basic criterion for any controlled system in to maintain continuity: 

In simplified terms, AQO\Jt can be expressed 
check gate aa follows: 

AQout •AG* B * Cd J 2g(AH)
1 

where: 

tlow through the control! d 

AG• The change in the check gate opening 
B • The gate width 

Cd• The coefficient of discharge 
AH • The head drop acrose the check ate 

AQ1n can be expressed in terms of an element ty wave tr veling downstream 
in a trapizoidal channel as follows: 

AQin • AY * T (V + C) 

where: 

AY • The change in the upetream depth 
T • The top width of th water surface 
V • The upstream channel veloci~ 
C • The wave cele.rity equal to I/ ~ wher A equals the 

croassection ea of the total flow. 
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The ratio of AQout/AQ1n must be unity if 
and would be expressed as follows: 

stability is to be maintf inea- - - - - - -

'--------1 

I • Ml (B * Cd ~2gMI'\ 
AY \ T (V + C) I • 1 ,- ------- --

1 ,-- -------
By transposing, the ratio of AG/AY can be found as: 1 r----------

1 AG - . T (V + C) 
AY I B * Cd J 2gAR

1 

I __ ___ -- --- --
for the controller land The ratio of AG/AY, by definition, is the GAIN 

is the first main control parameter. The GAIN can be found as fo~\ZS...!_ _ __ _ -- _ 

GAIN• T (V + C) 

B * Cd ~ 2gAH, 

The latter equation shows that the GAIN of the controller is dependent 
upon the characteristics of the upstream channel and the width and 
flow (submerged or free-flow) through the controlling check gate. Once 
the GAIN is determined, the value of AY can be found by arbitrarily 
selecting a value for AG (usually 0.10 feet). AG can be expressed in 
terms of the operate time, At0 , of the gate motor hoist which has a 
displacement of AG• x * At0 , where xis the rate of gate movement in 
feet per second. Solving for At0 gives: 

At • AG/x 
0 

From the GAIN the "offset" of the water level, which is the second con­
trol parameter, can also be determined. The "offset" is defined as: 

"Of £set " • G /GAIN (max) (max) 

where G(max) is the maximum gate opening required to discharge the 
maximum desired flow. 

The "offset " would have to be a value less than the difference in 
elevation b~°!elful the maximum safe operating level or spill crest and 
the normal water surface operating level. An attempt to use an offset 
less than determined above would require the CAIN of the controller to 
be larger. This 1n turn would require the continuity ratio of 
AOout/AQ1n to be larger than unity and could cause the system to over­
shoot excessively, and the chances for avoiding instability of control 
are greatly reduced. 

It should be stressed that the above analysis can be used to deter-
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mine approximate values of the control parameters, GAIN and "offset(max)·" 
The approximate method should provide a good idea as to the magnitude 
of the control parameters for any particular installation. Greater 
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accuracy can be achieved througl1 couaplet• ma.thematic.al modeling and 
.tlould be accOlllplished before selecting final values. 

Th& ntiae lag of the system" which 1e the last main control parameter to 
be conaid•red. is not discussed in this i:ae.tnorandum. It is as•umed the 
wat•r level s.uaor for the controller ilJ adjacent to and upstrema of the 
COAtrolled check gate. The distance involved :l.8 short such that the 
tillelaa between the reaulting wave pertfhation ca.used by gate •ovementa 
and its at:rival at the aeusor ia lea• than 60 seconds. Substantially 
longer time.lag• would t'equire f iltere or delay units, and reference 
should then be made to the final report ''Automatic Down•tream Control 
Syat•• for lttigation Canale" by Michael J. Shand,, University of 
Califoniia at :Berkeley. llEL-8-4. dated August" 1971* 

Figure 1, attached, aummariges the operation of the San Juan-Chama 
controller i.boratory installation. Wban the water level rises above 
th4I neut~al eone, the eontroller is activated to the taiae condition. 
Whenever AT is achieved, the gate hoiat motor will O)lerate for a period 
equal to At0 (previously determined) representing the arbitrarily 
Hlected value fox AG.. Tha IIUll»lation of the AY '• equals the total 
"offaet 11 which is proportional to the discltarge at: the gate opening 
eqU41 to the &lla:lmation of the a.me number of AC'a. 

In J.Pigu.re 1 (attached) • Condition@ can be considered as a rapid change 
in the upatream flow. The rest time,. AtR, 1e the time interval between 
&&t• operationa or the time it tak4UI to achieve a change equal to At. 
For Condition l, the Ata ia llllJCb ...Uer than for Condit1on@whi.ch 
rapr .. ao.ts a alower change in the upstream flow conditions. 

The San Juan-Chama controller design h.u a leveling bar mechaniH1 lilh1ch 
ruete AY back to null everytime AY is achieved. The AY can be adjusted 
to the value required aa previously diacuesed. For a more complete 
deacription of the controller, reference is made to the travel report by 
Hr. Colvin dated Novembe't 1, 1971, to th~ San 3uan-Chama Project. 

The advantag .. of thi• design are that the rest time of the controller 
is proportional to the rate of chaDge in the water surface level which 
ia than proportioual to th• change in th• ~tream flow conditiona. 
Even. though the controller ti, ON or OFF. it 18 to be conaidered a pro­
portional. controller requirina au off•et froa the neutral z.one. The 
design 1a a great illl'proveme.nt over controlle~e which have fixed rest 
tiua (auch u the 11Little Manr'} pendtting greater flexibility of 
operation, and it should have greater application. 

The •h dtaadvantage is th• "offset" requirement which could be larger 
thCJl what can be tolerated for a llll&:i.mua safe oparatinB level for the 
duired -.xi.mm flc:N or be above the. spill crut. In the cue of the 
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San Juan-Cha.tla controller, the offset ia also required below the neutral 
MJne because the gate will not be activated to lower until the water 
level teaches the lower limit of th• neutral cone. 

If the neutral zone could be floating as shown ·in 'Figure 2 (att11ched) ~ 
the ~otal water level change to prodw::.e a maxiaum gate 0])4lning for 
aaximUll flow and aero gate opening for zero flow would be reduced by 
about half. 

It is raeOllll8nded that, (1) furthe~ investigation to apply the floating 
neutral zone be made, and (2) the controller parameter• be determined 
through complete mathe'IIS8.tical modeling anal"9is· 

Attachment 

Copy to: 225 (Yeide) 
240 (Colvin) 

./ 15 32 (Falvey) 
1530 

dif!~· 
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