2016 Flow Data Findings -- Work in Progress -- jb
Technical Issues/Caveats: 
a.  Excel workbook for water year 2016 from Luke (Poudre FlowData15) was too big to calculate and display properly on my notebook computer, but it worked fine on my desktop with 4 GB of installed memory.  To be safe, I broke the main worksheets I worked on into separate Excel workbooks as needed.  All these workbooks are stored on my Google Drive in the Transients folder at https://drive.google.com/open?id=0B-7uJlPCOjPaYzl5aHpyVjVMM2M
· Jb_PoudreFlowData15 – just a copy of Luke’s

· Jb-PoudreGageMetrics – to calculate percentage change over a day’s length

· Jb-PoudreCanyonDays – exploration of Canyon gage flow drivers

· Jb-PoudreLincolnDays – exploration of Lincoln gage flow drivers

b.  Excel graphs only allow 32,000 points in a series.  This necessitates splitting a year’s worth of 15-minute data (~35,000 points at a single site) into at least two sets.  Also, you pretty much need color to interpret the graphs.  Sorry any who are color-blind.
c.  Virtually all of the 15-minute data sets had at least some missing data (#N/As), often quite a lot.

d.  I am not skilled at Excel graphs, especially dealing with date/time axes.  I did the best I could, and got better, but could use some education.  
e.  I deleted the #N/As to show gaps in the data traces.  I will note that there were some quite regular groupings of #N/As that might bear further scrutiny, but I have not done so.  All in all, I am uncomfortable with the difference between #N/A and zero.
f.  I have used no hourly data.  Should I?
Question 1 – What data do we have from Luke?

As I understand it, the table below is all of the info Luke was able to dig up for Colorado water/irrigation year 2016.  Dates in the last three columns indicates availability and capture, otherwise data are not available.

From Luke:

The work I did was mainly to download the data, I didn’t do any QA/QC to the data or process it in any way.  All of the data is straight from the State’s website and is considered by the State to be provisional data.  The 15-minute data is raw data and the State calculates the hourly and daily values. I didn’t review or change any missing values.  For the post-call chart, I did a calculation of daily change and plotted the results in a flow exceedence curve.  The ‘Start of Data’ column on the ‘Table’ tab of the data spreadsheet shows the first day when 15-minute data is available for each station.  You can see that quite a few start in WY 2016.
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NOCALACO

North Fork Below Halligan

Pre-2015

11/1/2015

10/31/2016

0300994

NPRCANCO

North Poudre Canal

11/16/2015

11/16/2015

10/31/2016

CLANLICO

North Fork at Livermore

Pre-2015

11/1/2015

10/31/2016

CLANSECO

North Fork Below Seaman

Pre-2015

11/1/2015

10/31/2016

0.00

0

Flow above Munroe Canal

#N/A

#REF!

#REF!

0.10

0

0300905

Munroe Canal

#N/A

#REF!

#REF!

1.10

0

0300906

Ft. Collins Intake

#N/A

#REF!

#REF!

1.64

0

CLANSECO

North Fork Below Seaman

Pre-2015

11/1/2015

10/31/2016

5.12

0

0300907

Poudre Valley Canal

#N/A

#REF!

#REF!

5.63

0

CLAFTCCO

Canyon Gage

Pre-2015

11/1/2015

10/31/2016

6.10

1

0300908

Greeley Fltr Intake

#N/A

#REF!

#REF!

6.60

1

HSCCLPCO

Hansen Supply Canal

Pre-2015

11/1/2015

10/31/2016

6.88

1

0300910

PVLCANCO

Pleasant Valley & Lake Canal

11/17/2015

11/17/2015

10/31/2016

7.97

1

0300911

LACDITCO

Larimer Co. Canal

11/6/2015

11/6/2015

10/31/2016

10.14

1

0300912

JAKDITCO

Jackson Ditch

11/6/2015

11/6/2015

10/31/2016

11.29

1

0301029

TAGDITCO

Taylor Gill

11/9/2015

11/9/2015

10/31/2016

11.29

1

0300915

LTCDITCO

Little Cache

11/6/2015

11/6/2015

10/31/2016

11.29

1

0300913

NEWMERCO

New Mercer

Pre-2015

11/1/2015

10/31/2016

11.29

1

0300914

LARNO2CO

Larimer County #2

Pre-2015

11/1/2015

10/31/2016

11.37

1

Claymore Lake Outlet release

#N/A

#REF!

#REF!

13.58

1

0300918

ARTCANCO

Arthur Ditch

11/16/2015

11/16/2015

10/31/2016

13.92

1

0300919

LAWIRRCO

Larimer & Weld

Pre-2015

11/1/2015

10/31/2016

15.91

1

0300922

Lake Canal

#N/A

#REF!

#REF!

16.21

1

0300923

Coy Ditch

#N/A

#REF!

#REF!

16.84

1

CLAFORCO

Lincoln Street Gage

Pre-2015

11/1/2015

10/31/2016

17.79

2

FTC WWTP 1

#N/A

#REF!

#REF!

18.71

2

0300924

Timnath Inlet

#N/A

#REF!

#REF!

19.28

2

Dry Creek

#N/A

#REF!

#REF!

20.38

2

Spring Creek

#N/A

#REF!

#REF!

21.14

2

0300926

Boxelder Ditch

#N/A

#REF!

#REF!

21.39

2

0300927

Fossil Crk Inlet

#N/A

#REF!

#REF!

21.89

2

FTC WWTP 2

#N/A

#REF!

#REF!

22.69

2

CLABOXCO

Boxelder Gage

Pre-2015

11/1/2015

10/31/2016

23.09

3

Boxelder Creek

#N/A

#REF!

#REF!

27.29

3

FOSOUTCO

Fossil Crk Outlet

6/22/2016

6/22/2016

10/31/2016

27.81

3

0300929

CLAIRRCO

New Cache la Poudre

Pre-2015

11/1/2015

10/31/2016

27.91

3

CLARIVCO

Poudre below New Cache

Pre-2015

11/1/2015

10/31/2016

31.61

4

0300930

WHITNYCO

Whitney

6/13/2016

6/13/2016

10/31/2016

31.74

4

0300931

BHEATNCO

BH Eaton

6/13/2016

6/13/2016

10/31/2016

39.24

4

Windsor WWTP

#N/A

#REF!

#REF!

39.34

4

KODAK WWTP

#N/A

#REF!

#REF!

40.79

4

0300932

JONESDCO

Jones Ditch

7/1/2016

7/1/2016

10/31/2016

44.32

4

0300934

CANAL3CO

Greeley Canal #3

Pre-2015

11/1/2015

10/31/2016

47.47

4

0300935

Boyd_Freeman

#N/A

#REF!

#REF!

50.06

4

Seeley Lk Outlet

#N/A

#REF!

#REF!

51.86

4

#3 Waste 23rd Ave

#N/A

#REF!

#REF!

55.09

4

CLAWASCO

Poudre at Greeley WWTP

Pre-2015

11/1/2015

10/31/2016

55.19

5

GREWASCO

Greeley WWTP

Pre-2015

11/1/2015

10/31/2016

55.61

5

0300937

OGIDITCO

Ogilvy Canal

Pre-2015

11/1/2015

10/31/2016

57.41

5

#3 Waste lower

#N/A

#REF!

#REF!

57.43

5

CLAGRECO

Greeley Gage

Pre-2015

11/1/2015

10/31/2016


What are some candidate days to examine more closely?

a.  From Luke’s worksheet DailyGagesPostCall, including only the date range 6/24/16 to 10/31/16, I calculated the maximum and minimum values for each gage data set of 15-minute values in the workbook jb-PoudreGageMetrics.
1.  Unsurprisingly, the 3 largest absolute mean daily changes (cfs) were found at:

· Canyon gage (-210, Monday June 27)

· Boxelder (+162, Wednesday July 6 )

· Lincoln Ave (-151, Monday July 4 and +151, Wednesday July 6)
2. The 3 smallest mean daily changes (absolute cfs) were found at:

· North Fork at Livermore (10)

· North Fork below Seaman (17)

· North Fork below Halligan (18)
       3.  Poudre below New Cache and Greeley gage show intermediate mean daily changes
4.  From Luke’s graph on sheet DailyGagesPostCall, the Canyon gage shows more negative daily fluctuations while Boxelder and Lincoln show more positive daily fluctuations.


[image: image2]
b.  I computed the daily relative deviations for each flow value (V) in each 15-minute series for the three most volatile gages (Canyon, Lincoln, Boxelder) in workbook jb_PoudreGageMetrics, sheets 15MinGagesMax%, 15MinGagesMax%Up and 15MinGagesMax%Dn :
Where S = set of V plus the next 95 values (include V to prevent any negatives)

#N/A were handled by Excel as missing data, which may mask some large fluctuations
Last day (95 values) will be inaccurate
1.  Maximum absolute fluctuation, up or down = Max { Max(S)-V) , V-Min(S) } / V

(Note: probably didn’t need to do this one, as is covered by next two metrics.)

2.  Maximum increasing fluctuation = (Max(S) - V)  / V

3.  Maximum decreasing fluctuation = (V - Min(S))  / V

Findings:

Note different scales on graphs in workbook


[image: image3]

[image: image4]
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[image: image6]
1.  Much smaller downward fluctuations, presumably because the upside is unbounded where the downside is bounded by zero flow.

2.  Boxelder and Lincoln seem to see much more frequent large magnitude fluctuations than the Canyon gage, something that was not apparent in the mean daily data alone.
3.  A sampling of dates to investigate further, chosen from obvious peaks in the two metrics, include:

	Metric
	Location
	Dates for further investigation

	
	
	

	Decreasing
	Canyon
	11/29, 9/21

	
	Lincoln
	11/15, 9/14, 10/23

	
	Boxelder
	3/1, 7/4, 7/31, 9/1, 9/25, 10/15

	
	
	

	Increasing
	Canyon
	None

	
	Lincoln
	11/14, 10/18, 10/25

	
	Boxelder
	1/1, 2/26, 3/18, 7/8, 7/15, 8/2, 9/25

	
	
	


Question 2 – What can these days tell us?

a.  Canyon Gage, Sunday 11/29: Metric for the Canyon gage from 11/29 through 2/19 was a false positive because the data were given as zeros instead of #N/A.  Gage may have been iced-up.

b.  Canyon Gage, Wednesday 9/21, workbook jb_CanyonDays:
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Uncertain explanation for 9/21.  Brief spike in flows at the Canyon Gage might be related to the missing data from the N. Poudre Canal.  The Canyon “spike” is the same duration as the Canal’s missing data, so maybe the canal plugged up, or ??  Is the travel time from N Poudre to the Canyon gage 8 hours?  That seems too long to me, but …
c.  Lincoln Gage, Sunday 11/15/15:
[all remaining in workbook jb-PoudreLincolnDays]
I had noted 11/14 as increasing and 11/15 as decreasing at Lincoln, but these metrics can show up as happening the day before it is evident on the graph because of the way I computed them.  So here’s the story:
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It’s pretty clear that there is an abrupt shut off of at least the Larimer-Weld canal and that the travel time from Larimer-Weld to Lincoln in this case appears to be approximately 1 hour.

Since there are no data for the other, intervening and unlabeled, diversions – which therefore don’t show up on the graph – there can be no complete accounting.  But since the Hansen Supply input is low (~2.6 cfs) and almost constant, it seems odd that the Lincoln gage steps up to a level noticeably  above the flow at the Canyon while still generally reflecting the Canyon’s signature diurnal variation.  Maybe it’s just travel time, but prior to shut-off, the LW Canal was taking about 50 cfs and the Lincoln gage was running in the low 30s.  Thus, if it were only the LW Canal that shut off, one might expect the Lincoln Gage to settle at about 80 cfs.  The Lincoln gage would appear to be a bit higher.  
But the bigger question is, why the spike to 200 cfs?  It would seem that the canal shut-off generates a transient and amplified “pressure wave” of some sort (a backwash?).  If it really is a wave, and that wave attenuates in amplitude as it moves downstream to the Lincoln gage, then it must have been even higher at the LW Canal site.  
Or is the spike just some artifact of the Lincoln gage’s hardware?  Or is it some other unmeasured phenomenon?
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CLAFTCCO

HSCCLPCO

LAWIRRCO
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11/15/2015 14:00

52.6

2.54

50

36

11/15/2015 14:15

52.6

2.59

50

36

11/15/2015 14:30

52.6

2.6

50

35

11/15/2015 14:45

52.6

2.6

50

34

11/15/2015 15:00

52.6

2.61

50

34

11/15/2015 15:15

54.5

2.59

2.56

34

11/15/2015 15:30

54.5

2.56

0.284

33

11/15/2015 15:45

56.4

2.63

0

32

11/15/2015 16:00

58.4

2.6

0

32

11/15/2015 16:15

60.3

2.64

0

70

11/15/2015 16:30

60.3

2.6

0

204

11/15/2015 16:45

60.3

2.56

0

159

11/15/2015 17:00

60.3

2.63

0

121

11/15/2015 17:15

60.3

2.59

0

94

11/15/2015 17:30

60.3

2.62

0

81

11/15/2015 17:45

60.3

2.58

0

78

11/15/2015 18:00

60.3

2.61

0

76

11/15/2015 18:15

60.3

2.57

0

75


d.  Lincoln Wednesday 9/14:
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There is nothing obvious in the available data to explain the abrupt 15-minute drop and rebound at the Lincoln Gage.  It seems likely that either it was a gage malfunction, or some other diversion for which we have no data (e.g., Lake Canal) was involved.  One thing does look odd:  One can see the effect of some adjustments in the Hansen Supply on the Lincoln Gage, and the last small divot at Hansen immediately preceded the Lincoln plunge.  Clearly the magnitude of that adjustment would not warrant such a large plunge, but just thinking out loud…
e.  Lincoln Tuesday 10/18:
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This graph is more what I have been expecting, at least in some ways.  It would appear that the Hansen Supply Canal was “turned on” to service at least Larimer #2 and Little Cache.  We do not have diversion data between the Lincoln and Boxelder gages, so we cannot tell if other intervening ditches were served or not.  What is clear is that the Lincoln gage took one small but brief jump followed by a more steady increase.  What is not clear is the initial ~1 hour-long spike that sits atop the Hansen trace followed 4 hours later by a shorter 15-minute spike at Lincoln of approximately the same flow magnitude.  A “surge wave” arising in the Hansen Canal as Horsetooth “turns on” may make some sense.
f.  Lincoln Sunday to Tuesday 10/23-25, 2016:
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A nicely complicated graph that tells us that several things happened in close sequence over a period of a couple of days.  The Larimer-Weld Canal came on line on the 24th essentially drying up the Lincoln Gage (though there is a spate of missing data at Lincoln).  Then on the 25th several things happened almost at once: a) Larimer-Weld dropped back considerably, b) the Little Cache was turned almost off, and c) the Hansen Supply dropped by about a third, collectively d) raising the flow at Lincoln.  Then on the 26th, Larimer-Weld shut off for about 1.5 hours resulting (perhaps with other changes at roughly the same time) in a brief spike at Lincoln.
It’s complicated!
11

[image: image13.png]Maximum"Daily" Decreasing Fluctuations

11/1/2015 11/21/201512/11/201512/31/2015 1/20/2016 2/9/2016 2/29/2016 3/20/2016 4/9/2016 4/29/2015

Canyon Lincoln Boxelder



[image: image14.png]Day Change Post Call (cfs)

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%
200

150

100

50

-100

-150

-200

-250

NOCALACO CLANLICO CLANSECO CLAFTCCO CLAFORCO CLABOXCO CLARIVCO CLAGRECO




[image: image15.png]Maximum "Daily" Decreasing Fluctuations

5/1/2016 5/21/2015 6/10/2016 6/30/2016 7/20/2016 8/9/2016 8/29/2016 9/18/2016 10/8/2016 10/28/2016

Canyon Lincoln Boxelder



[image: image16.png]Relative Difference

Maximum"Daily" Increasing Fluctuations
40.0
35.0
30.0
25.0
20.0
15.0
10.0
5.0

0.0
11/1/2015 11/21/201512/11/201512/31/2015 1/20/2016 2/9/2016 2/29/2016 3/20/2016 4/9/2016 4/29/2016

Canyon Lincoln Boxelder



[image: image17.png]Relative Difference

Maximum "Daily" Increasing Fluctuations
40.0
35.0
30.0
25.0
20.0
15.0

10.0

5.0

0.0
5/1/2016 5/21/2016 6/10/2016 6/30/2016 7/20/2016 8/9/2016 8/29/2016 9/18/2016 10/8/2016 10/28/2016

Canyon Lincoln Boxelder



