2016 Flow Data Findings #3 – Work in Progress 8/13/2017
Large Absolute Daily Flow Fluctuations

Continuing with the analysis, we turn now from exploring large percentage changes to examining large absolute, abrupt flow changes.  In a manner parallel to what we’ve seen before, the following four graphs depict those absolute changes, first downward fluctuations and then upward, each divided into two seasons.  As a reminder, the calculations were made to highlight maximum fluctuations found within a 24-hour period.  It is certain that the magnitude of the fluctuations would be far larger if the period were extended beyond one day.
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Figure 4

Collectively, these four graphs tell us: (1) There is much more of an annual pattern with the absolute changes compared to the relative changes depicted in Note Set 1.  May and June exhibit the largest absolute fluctuations, both increasing and decreasing; (2) Both sets, increasing and decreasing, look remarkably similar to each other unlike the relative changes that showed a far higher incidence of decreasing events; (3) though the Lincoln gage has a slight edge, each of the three gages examined exhibit roughly the same magnitude fluctuations throughout the year; (4) the Lincoln gage tends to dominate the fluctuations from November through January while the Canyon gage makes a strong appearance in November; (5) there is a strong hint of a weekly peak-to-peak signal from March through June, possibly longer.  
NOTE that the occasional odd looking diagonal traces are due to missing (or zero) data and my (or Excel’s) lack of skill in displaying those kinds of data.  Also note that the scales are not identical between the two seasons, and indeed throughout this set of notes.


Day of the Week?
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Figure 5

Even though it looks like there is some regularity in the peaks (especially in Figure 4), further investigation wasn’t conclusive.  The above graph, for the Lincoln gage only and only during the main irrigation season, does suggest that a number of the largest increasing events may happen on Sunday or Monday, and then again on Friday and Saturday, but there seems to be no regularity.  My conclusion is, yes, there is a tendency for large fluctuations to cluster around a weekend.  It could be simply random; after all, Friday, Saturday, Sunday, Monday do represent 4/7ths of all the days.  Let’s keep an eye on this.
NOTE that the way I have calculated the change metrics is imprecise in the sense that the value of the maximum absolute flow change for the day shown on the x-axis could represent the flow change within a single calendar day, or it could be that the event “started” on one day and “finished” the next day.  In this context, for the graphs showing increasing flow events, the CFS value on the y-axis always represents the calendar day that the lowest flow would occur; the maximum flow within 24 hours may be on that same day, or it may be the next calendar day.  The opposite is true for the decreasing flow events, i.e., the highest flow is on the calendar day shown on the x-axis, etc..  Hope that makes sense.

Large Absolute Fluctuations at the Lincoln Gage During Peak Runoff
Much like before, I selected a handful of dates to examine further, but only at the Lincoln Gage.  I chose isolated dates (such as those highlighted in Figure 5) that showed swings greater than 550 cfs.  This had the advantage of focusing on very large abrupt changes but the disadvantage of all events happening within the early May-June irrigation season and thus perhaps representing outliers in terms of full annual operations.  The increasing and decreasing events I chose, some of which happened on consecutive days or even the same calendar day, were:
	Increasing 
	Decreasing

	Saturday   5/7/2016
	

	
	Monday   5/23/2016

	Friday       6/3/2016
	Saturday  6/4/2016

	Tuesday   6/7/2016
	

	Saturday  6/11/2016
	Sunday    6/12/2016

	
	Friday      6/17/2016

	Monday   6/20/2016
	Monday   6/20/2016

	
	



Each of these events tells a slightly different story as shown in the following graphs.  Some are straightforward, some are more difficult to tease apart, and some are real head scratchers.
Remember that the legend for each graph is given in Luke’s table in note set #1.


Saturday   5/7/2016
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Figure 6
This event looks like a classic case of a rising tide floating all boats, or at least all the gages.  At a minimum, the North Fork either begins to release or more probably spills, adding to a fairly constant and relatively low mainstem flow.  (Note that I did not look at the N. Fork above Seaman to verify).  Flows at Lincoln on May 7 increase from 870 to about 2000 cfs on May 8, for a maximum positive 24-hour fluctuation of 1120 cfs.  No other diversions are playing any large role.


Monday May 23, 2016
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Figure 7
I’m not 100% sure what’s happening here, but on the surface it appears to be a straightforward case of “natural” diurnal variation resulting in the Lincoln gage declining about 550 cfs (the minimum change I selected) over one day in an otherwise relatively high flow situation.  The North Fork is contributing substantial water, but at basically a constant rate.  Given those relatively high mainstem flows as a background, this “event” does not really come across as an abrupt change at all; it mostly blends in even if there are two small but noticeable semi-abrupt drops totaling about 400 cfs at the Canyon gage.  The first takes place at 9 pm on the 23rd, and the second at 8 am the next morning.  Not sure what could cause those two drops unless it is the Monroe Canal, which we do not have data for.  As you can see, none of the other canals that we do have data for are taking any water.


Friday-Saturday June 3-4, 2016
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Figure 8
Appears to be an excellent example of large, regular and apparently “natural” diurnal fluctuations.  This two biggest increasing and decreasing events are both around ±800-850 cfs at the Lincoln Gage and occur during the peak runoff.  These “events” arise from mainstem conditions and echo at each downstream gages.  Other diversions are minor, non-existent, or unknown.


Tuesday June 7, 2016
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Figure 9
June 7 looks like exactly the same diurnal situation as June 3-4 except that it is not on a weekend.  I see no evidence that the Larimer-Weld canal ramping first off then on has any influence downstream.  I don’t think there is anything new to be learned here.


Saturday-Sunday June 11-12, 2016
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Figure 10
Nothing especially new here either.  Diurnal fluctuations reach about ±500 cfs at Lincoln, oddly slightly more than at the Canyon gage.


Friday June 17, 2016
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Figure 11
I hesitate to make too much of this spike event, even if tempted.  All three gages exhibit a discontinuity in their data, so I’m not sure anything is trustworthy.  That said, it does look like Larimer-Weld shut off for about an hour immediately before the Larimer County canal turned on.  In this instance, the decrease at Larimer-Weld is mirrored almost exactly in magnitude and duration at Lincoln, but greatly attenuated at Boxelder.  This mirroring is not always true as we shall see later.


Monday June 20, 2016
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Figure 12
Well, I was fully expecting yet another simple diurnal event, but instead find a 2-hr shutdown of the Larimer-Weld canal “on top of” a diurnal upswing.  The shutdown at the L-W diversion is mirrored again at Lincoln, but attenuated at Boxelder.  NOTE that the diurnal swings are still roughly ±250 cfs.


Large Absolute Fluctuations at the Lincoln Gage Not During Peak Runoff
Because it seemed that the previous events might really only characterize the system during the “June Rise”, I decided to select a handful of dates outside that season, again only at the Lincoln Gage.  I chose dates with flow swings around 200 cfs.  The increasing and decreasing events I chose, some of which happened on consecutive days or even the same calendar day, were:
	Increasing 
	Decreasing

	Sunday November 15, 2015
	

	
	Thursday April 21, 2016

	
	Sunday August 7, 2016

	Sunday August 14, 2016
	Sunday August 14, 2016

	Friday August 19, 2016
	

	Thursday September 1, 2016
	Friday September 2, 2016

	
	Thursday October 6, 2016





Sunday November 15, 2015
[image: ]
Figure 13
We are missing a lot of data around this time (ice?) so hard to be sure, but obviously Larimer-Weld shut off, and not just for an hour.  Why the Lincoln gage jumped more than the 50 cfs that had been diverted by Larimer-Weld, I do not know.  Presumably an intervening diversion such as the Lake Canal may have just “missed” picking up the “excess” flow by an hour or so.  But explaining the magnitude of the spike is problematic unless L-W is draining its diversion pool all at once.


Thursday April 21, 2016
[image: ]
Figure 14
Beats me.  Obviously the Canyon Gage plummeted and that drop is directly mirrored at Lincoln.  Monroe Canal data is of course missing.  North Fork takes a simultaneous hit too.  Cold front?


Sunday August 7, 2016
[image: ]
Figure 15
The largest blip at Lincoln is probably the most uncomplicated example of a ramping at Hansen Supply not picked up exactly on time at Larimer-Weld that we have seen.  Even though there is a gap in the Larimer County canal data through this period, the second abrupt fluctuation at Lincoln seems to have a straightforward and easily visualized explanation.  The first Lincoln blip is impossible to figure out from the data available.


Sunday August 14, 2016
[image: ]
Figure 16
An stepped increase in the Hansen Supply Canal is followed by a large and also stepped increase at the Larimer-Weld diversion.  But after the Larimer-Weld canal reaches a peak, there is the somewhat characteristic brief interruption in its diversion.  As a result of all of these actions, the Lincoln gage gets “whipsawed” and Boxelder echoes the Lincoln chaos.


Friday August 19, 2016
[image: ]
Figure 17
(A) Larimer County ramps down to half what it had been taking, 250 to 125 cfs.  (B) Larimer-Weld shuts off almost completely at roughly the same time, from 300 to 25 cfs.  (C) Hansen Supply steps down by half, from about 450 to 200 cfs.  Lincoln gage responds by jumping from 50 to 350 cfs and then dropping to mimic the Canyon gage.  The spike at Lincoln could be solely a timing issue.  Hard to sort it all out for sure, but given the stability of the other diversions, it looks like setting up for a weekend-long holding pattern.


Thursday-Friday September 1-2, 2016
[image: ]
Figure 18
I think we’ve seen these events before when looking at relative changes instead of absolute fluctuations.  This will be a good “independent” check on my methods and explanation 
This seems like a stepping down of Hansen Supply, Larimer County and Larimer-Weld all within hours of one another, resulting in that characteristic spike at the Lincoln gage followed.  Otherwise the Lincoln gage parallels the Canyon gage plus the remaining Hansen Supply inflow.  It’s beginning to look more and more that when Larimer-Weld turns off (or almost off in this case), they flush their pool regardless of any debris.  This results in a short but noticeable spike at Lincoln.


Thursday October 6, 2016
[image: ]
Figure 19
It’s hard to believe that shutting the Larimer-Weld canal off can result in such a disproportionately large effect on the flow at the Lincoln gage, but this sure looks like that – even if Larimer-Weld has comparatively little water in it.  Also note that although the biggest spike occurred at 7:15 pm on Thursday, a somewhat smaller spike occurred on Friday, 24 hours later at 8 pm, again at least near the same time that L-W briefly stops diverting.  What other explanations might there be?
20
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