2016 Data Findings #4-2, Work In Progress 8/19/2017
Hansen Supply Canal Focus
Given what we have seen so far, and given that Northern (at least through Brad Wind) has mentioned that it might be possible and appropriate to ramp flows in the Hansen Supply Canal (HSC), I wanted to more closely examine what those canal inflows and their potential downstream effects look like.  In a way, instead of starting at Lincoln (or Boxelder) and looking upstream for likely explanations, this set of findings starts upstream and looks down.
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Figure 1
The above graph depicts the Hansen Canal inflows during 2016.  I have pointed to two places near the end of July where zero flows were in the data set but did not seem to be correct based on downstream gage data.  Once again, weekends appear to stand out – often a Thursday step down in flow followed by a much larger decrease on Friday, but this is certainly not always the case and I did not try to be exhaustive in labeling all Fridays.  This view certainly lends credence to characteristic flow reductions over many weekends.  It is also apparent that in 2016 total flow out of Hansen dropped substantially in September but then picked up at the end of the irrigation season at the end of October just before winter termination.
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Figure 2
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Figure 3
Figures 2 and 3 are really just looking at the absolute magnitude of HSC flow increases and decreases in each sequential 24-hour period much as has been presented before.  The graphs show that the larger increases are in the range of 200-300 cfs and large decreases are in the range of 150-200 cfs (discounting the two probable errors that show up near the end of July in each graph because I did not remove them).


As we have done before, let’s look at a sampling of what happens downstream around the time of some of the larger relatively abrupt absolute increases and decreases in Hansen Canal flow.  I don’t think we have looked at any of these dates before, at least not directly.
	Increasing Flow Events
	Decreasing Flow Events

	Sunday August 21
	Thursday August 4

	Sunday August 28
	Thursday August 25

	Monday October 17
	Wednesday August 31

	Wednesday October 26
	Saturday October 29

	
	



Note:  The following graphs may all have different scales.


Thursday August 4
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Figure 4
So here’s a case where the Hansen Supply Canal ramps down starting on Thursday August 4 and continues with a sharper decline on Friday on August 5 for a total decline of about 200 cfs.  But those decreases are buffered from the Lincoln gage first by a “two-step” decrease in the Larimer County canal and then by a one-step decrease in the Larimer-Weld canal diversions.  (The L-W diversion has a much smaller “adjustment” on Thursday that I’m not calling a step.)  In fact, it looks like the decrease in both those diversions increased the Lincoln Gage by 50 or so cfs on average.  I cannot explain the spike in the Canyon Gage on August 5 that seems to echoe downstream, or the secondary spike at Lincoln late on August 6 from the data we have.  The data for the Larimer County canal stop just at the beginning of that second spike, for what that’s worth, tempting one to believe there is a connection …


Sunday August 21, 2016
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Figure 5
This is an interesting case, somewhat the opposite of the last event examined.  Both the Hansen Supply Canal and the Canyon Gage increase.  The HSC steps up four times by about 400 cfs while the Canyon Gage (Seaman release?) steps up once about 100 cfs or so from its low.  During these increases, Larimer County and Larimer-Weld both increases their diversions in two steps (more or less), but the timing of all these adjustments is such that the Lincoln Gage spikes upward with each change by about 75 cfs, or at least that’s what it looks like to me.  The very last step up at the HSC on 8/22 is reflected at the Lincoln Gage (and Boxelder) without any change in the other two intervening diversions, presumably signaling that HSC release was made for a diversion further downstream.  Overall, the changes at Lincoln are quite small compared to the magnitude of the HSC fluctuations indicating that it is indeed possible to avoid large, if not abrupt, fluctuations at Lincoln.


Thursday August 25, 2016
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Figure 6
This appears to be another “let’s-put-this-week-to-bed” event.  While the Canyon Gage drops slightly, the HSC drops a total of 300 cfs beginning once again on Thursday and ending on Friday.  During this time, Larimer County drops 125 cfs also in several daily steps, and Larimer-Weld drops 200 cfs in a single Friday step.  Yet the Lincoln Gage really doesn’t change much at all except for the off-off mismatch in stop times between the HSC and Larimer-Weld.  The ~4-hour long timing spike is about 175 cfs above the “base” flow.


Sunday August 28, 2016
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Figure 7
In this Sunday “let’s-start-the-week” event we have a single-step HSC increase of ~260 cfs.  Again, a single-step Larimer County subtraction followed by a 2-3-step Larimer-Weld subtraction absorb the HSC addition to the river.  The Lincoln Gage shows a brief 150 cfs spike like we have seen before, and then that gage reflects the various step increase in the two diversions combined.  All in all, this is a pretty smooth outcome at Lincoln.  
Notes:  (1) It has been easy for me to overlook the fact that the HSC dominates the flow in these late August events, so I want to mention that in case I fail to elsewhere.  And, given that dominance, it is clear that the magnitude of the HSC adjustments is often far greater than what is reflected downstream at the Lincoln Gage.  Though I have been concentrating on Lincoln, the fluctuations in the river reach immediately below the Hansen Supply Canal could obviously be quite large.
	(2)  It may be the case that more but smaller steps could buffer this kind of spike downstream of these diversions as opposed to trying to more finely time the “manual” addition and diversion adjustments.  Said another way, given the complications of predicting travel time and the logistics of initiating inputs and outputs at exact times among multiple parties, maybe making more and smaller steps would result in a satisfactory outcome.  This is likely true whether HSC is increasing or decreasing.
Monday October 17, 2016
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Figure 8
A different group of diversions, but pretty much the same story played out at the beginning of the workweek.  Hansen Supply “turns on” with that hydrodynamic spike seen sometimes but not always.  Perhaps it is because the HSC is starting essentially from zero; need to look back at other instances.  Regardless, Larimer #2 and Little Cache begin diverting, the former before Hansen with a prolonged first step, the latter with a much smaller midway step after HSC begins.  Missing data precludes telling the complete story, and the abrupt increases at Lincoln are relatively small in absolute terms.
Note: Just for further pondering.  Thinking about relative changes instead of absolute, it is likely the case that the USGS graphs with their logarithmic Y-axis tend to exaggerate the apparent magnitude of the flow fluctuations.  ????


Wednesday October 26, 2016
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Figure 9
Though the low point at Hansen occurred on Wednesday the 26th, the real action takes place on Thursday when the HSC begins to send water to the Larimer-Weld diversion.  One might believe that this addition and subtraction would have mostly cancelled each other out had it not been for two short but large magnitude interruptions in the Larimer-Weld diversion.  I say large magnitude, yet the Lincoln Gage reflected more the timing than the magnitude of those two L-W shut-downs.  For example, the second shut-off would have resulted in a 300 cfs increase in flow below Larimer-Weld, but only shows up as a 112 cfs spike.  From this event, and the next one, October 29, it looks like what is happening is a simple channel attenuation, i.e., the longer duration of the spike at Lincoln makes up for the shorter shut-down time at Larimer-Weld.  But we have seen counterexamples, so what gives?


Saturday October 29, 2016
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Figure 10
Once again, we have an abrupt but short-term interruption in the Larimer-Weld diversion that results in a smaller but obvious spike at Lincoln.  As previously hypothesized, the attenuation in the spike at Lincoln could simply be the channel as it looks like the duration of the upward spike at Lincoln is roughly twice – or more -- that of the L-W diversion shut-down.  That is, the amount of water is the same, just spread out through time.


Next: Let’s look at something completely different!


Thursday September 1, 2016
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Figure 11
I thought it would be instructive to find a day when the Hansen Canal significantly reduced its inflow without much change at the Lincoln gage.  That is, I was expecting to uncover other simultaneous operations that would buffer a large fluctuation at Lincoln.  So I sorted the data based first on large decreases in the Hansen Canal outflow (avoiding the two days that seemed to be in error), then looked for minimal Lincoln decreases.  With apologies for any confusion in the graph’s title, September 1 turned out to be such a day.  The Hansen Canal dropped 229 cfs but Lincoln fell only 98 cfs from its maximum on August 31.  Unfortunately, there was a surprise.  Although Lincoln did not drop much based on the 24-hour look-ahead method I was using, it did drop more because of an increase during that same 24 hours.
The Larimer-Weld canal decreased its diversion slightly and temporarily before the Hansen Canal began to drop, increasing Lincoln flows for the duration of that decrease.  Although Larimer-Weld did resume diverting almost to the degree it had been, the Larimer County canal began to drop about that same time, largely offsetting Hansen’s decline.  The result at Lincoln is a decline of about 150 cfs, but it looks like it could have been less had the L-W canal stayed with a constant diversion.  In truth, this is not nearly as clear-cut an example as I was hoping to find, in large part because of the way I calculated the fluctuations over a 24-hour period, but such are the mysteries along the Poudre.  I considered revising the way I calculate abrupt changes, but each method has pros and cons.
The next date I was going to look at when there was a largish change at Hansen and a “minimal” change at Lincoln was Friday August 26, 2016.  But it turns out we have already looked at that event in Figure 6 of note set #4.  Although there was a brief spike at Lincoln on that day, it appears that the timing of the largest flow reduction at Hansen was well matched with the near shutoff of the Larimer-Weld canal.  The outcome was that the Lincoln gage – except for the 4-hour long 175 cfs spike – remained largely unchanged.
So, I have dropped this line of inquiry, at least for now.
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