FINAL MEMORANDUM

July 6, 2001
TO: File
FROM: Meg Frantz
SUBJECT: CRDSS Daily Yampa Model Subtask 1 - Equivalent daily

return flow factors
Purpose

The purpose of this task was to determine daily return flow factors for use in the delay table file of the
Yampa River daily time-step model. Specifically, this series of factors represents the fraction of the
recharge applied in day » that reaches the stream in days n, n+1, n+2, and so on until all of the
recharged amount has entered the stream.

A monthly return flow pattern was determined in earlier phases of CRDSS and applied to all irrigation
diversions in the Yampa basin monthly planning model. The monthly return fractions represented the
fraction of a month’s application that returned within the same month and each of the following four
months. The daily return flow pattern sought in this subtask was the unique pattern, which, when applied
to 30 or 31 days of uniform recharge, resulted in equivalent amounts of return over the recharge month
and the subsequent four months as that computed using the monthly recharge pattern.

Approach

The middle column of Table 1 shows the original return flow fractions as they appeared in the *.dly file
of the Yampa River monthly model. These were developed assuming that 50 percent of the excess
irrigation application returns immediately via the surface, and 50 percent returns after some delay, via
the subsurface system. The third column shows the monthly subsurface return expressed as a fraction of
the delayed recharge portion alone.

TABLE 1
Phase I1Ib Monthly Return Flow Fractions
Monthly Return as a Fraction of Subsurface Return as a Fraction
Total Recharge of Subsurface Recharge
(%) (%)
Month 1 75.3 (75.3-50)/0.5 = 50.6
Month 2 17.0 17.0/0.5= 34.0
Month 3 5.4 5.4/0.5= 10.8
Month 4 1.8 1.8/0.5= 3.6
Month 5 0.5 0.5/0.5= 1.0

The computer code originally used to develop these fractions was unavailable to Boyle, and basic data
documentation was incomplete (Task Memorandum 1.15-17) . However, the fractions were reasonably
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replicated by the Division of Water Resources stream depletion model (here applied to recharge and
accretion) using the following input values and a monthly time step solution:

e Transmissivity = 22440 gpd/ft (saturated thickness of 30 ft; K=100ft/day)
e Storage coefficient = 0.2

e Distance from recharge source to stream = 400 ft

e Distance from alluvial boundary to stream = 1000 ft

The resulting return fractions for months 1 through 5 were 51.4 percent, 34.0 percent, 9.8 percent, 3.2
percent, and 1.0 percent. Although not exact, these fractions were considered very close to the original
fractions, allowing for differences in solution techniques.

The next step was to execute the depletion model for a single day of recharge, supplying the same
aquifer properties and alluvial geometry. The estimated daily returns from this recharge “pulse”
extended for approximately 150 days, although 97 percent returned in the first 90 days.

To simplify model input and reduce Statemod’s computational burden, the series of subsurface daily
return flow fractions was shortened to 90 days by putting the last 3 percent of returns into days 50
through 90. To account for the nearly instantaneous returns via the surface, all return fractions were then
reduced by a factor of two so they could appropriately be applied to the total return amount, not just the
delayed portion. Furthermore, 50 percent was added to the return fraction for the day following the
diversion.

Results

The column labeled “Combined Return Fraction” in the attached Table 2 gives daily return fractions
that will be used in the Yampa daily model’s *.dld file. The spreadsheet table was developed to
demonstrate that when the daily return flow fractions are applied to each day in a 30-day recharge
period, the net accretion to the stream in the recharge month and subsequent months is the same (or
nearly the same) as that estimated by the original monthly return flow fractions.

Columns 1 through 30 represent each day of a 30-day recharge period. In this case, 3.33333 af (i.e., 100
af uniformly distributed across 30 days) is recharged each day. Rows 1 through 122 represent the four
months required for the 30 days’ recharge to reach the stream. (Note that since return flow from a single
day of recharge persists for 90 days, return flow from 30 days of recharge persists until Day 119. This is
because the effects of Day 30’s recharge do not expire until Day 120 of the study period.) The matrix
value at position (3,j) is the volume of the return flow on day i which is attributable to the recharge that
occurred on dayj. The column labeled “Daily Totals” shows the return flow for a given day, resulting
from superposition of all thirty days of recharge. The rightmost column accumulates the volumetric
returns for each month.

Table 3 compares the original monthly return fractions with the monthly return fractions that result
when the proposed daily fractions are applied to daily time steps of recharge:
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TABLE 3 -
Phase I1Ib Monthly Return Flow Fractions
Monthly Model Return Fractions Monthly Return Fractions based on
(%) Proposed Daily Return Fractions

(%)

Month 1 75.3 73.9

(|

Month 2 17.0 19.0

Month 3 5.4 5.6

Month 4 1.8 1.5

Month 5 0.5 0

Conclusion

In summary, effects of the proposed daily return flow pattern are very similar to the monthly return flow
pattern used in earlier phases of CDSS. Monthly and daily model results related to return flows will be
comparable if the proposed daily return flow pattern is adopted.

The relatively small discrepancies between the two columns of Table 3 are well-understood, and are
related to the following:

1. inability to exactly recreate the original monthly return flow fractions using the State’s
Analytical Stream Depletion Analysis program (D. Schroeder, 1987); a different program was
used in the original CRDSS effort and numerical methods and tolerances may have been
different.

2. Length of months in the monthly Glover model used to derive the first pattern was 365/12 days,
and the fractions are the same in each month regardless of whether the month has 31, 30, or 28
days. In the daily model, the effective monthly return fraction varies with number of days in the
month. The fractions shown in the right column of Table 3 are based on a 30-day recharge month
followed by two 31-day months and a 30-day month (i.e., appropriate numbers for June
recharge). With a different sequence of number of days in the month, these fractions will vary

slightly.

3. To relieve input and computational burden, the “tail” of the daily return fraction was adjusted so
that effects of days 91 through 150 were distributed through days 50 through 90. Reducing the
duration of the single-day return to 90 days resulted in a 4-month, rather than 5-month, pattern
on a monthly basis.
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