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SIS )

Memorandum

To: Leo Kinney, Chief Designer PMN San Juan Diversion Study

From: Cassie C. Klumpp, Hydraulic Engineer, Sedimentation and Rjver Hydraulics
Group

Subject: Settling Basins at PMN San Juan Diversion

A review and analysis was made for the Concept Sediment Analysis Report
Pubtic Service Company of New Mexico Diversion Dam, prepared for the United States
Bureau of Reclamation, Grand Junction Area Office, by Tetra Tech Inc. of Breckinridge
Colorado. Tetra Tech developed a simple HECRAS modei of the PNM diversion and the
settling channel describing the hydraulics and theoretical settling characteristics of
sediment in the intake channel.  This report is based only on theorctical conditions for
sediment in the channel, not on any measured suspended sediment concentrations and
sediment size, which is critical to describing the settling characteristics of the sediment.
The HECRAS model describes a range of river discharges (500 cfs through 10,000 cfs)
and a constant diversion into the PMN and San Juan Diversion. The major analysis of
the structure is concerned with 37 cfs although a range of diversions from 37 up to 106
cfs is analyzed in the report. The critical discharges for the San Juan Diversion are:

1. 74 cfs (37 cfs for Public Service and 37 cfs for San Juan Diversion,
2. 83 cfs (46 cfs for Public Service and 37 cfs the San Juan Diversion ),
3.97 cfs (37 and 60 for Public Service and the San Juan Diversion),

4. 106 cfs (46 and 60 cfs for Public Service and the San Juan Diversion).

Our present design includes the separation of the Public Service and San Juan
Diversion flows before the water enters the settling channels. We are constructing a new
settling channel that is the mirror image of the existing channel. We then show two
different alternatives: a) settling water in separate settling channel then pump water to
settling ponds and treatment plant and b) pump sediment laden water to the settling ponds
and treatment plant. If we use the first option, the range of material that we can settle
out in the settling channel is very fine silt or sand and coarser. If the flow rate is 37 cfs,
then we can settle out all sediment that is coarser than 0.055 mm., coarse silt. If our flow
rate is 60 cfs then we will be able to settle out particles coarser than very fine sand (0.077
mm} and the theoretical trap efficiency will be approximately 62 percent. This is not a
concern because the rest of the material wiil be settled out in the settling ponds near the
treatment plant. If it is feasible, we will sluice material out of the settling channel on a
weekly or bi-weekly schedule. If we are prohibited from sluicing sediment from the
settling channel, we will shut down periodically and remove the sediment and dispose of
it at a proper location. The settling ponds will be operated on a similar basis. When a
pond fills with sediment, it will be shut down, sediment will be dried and removed to a
proper location.
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1. INTRODUCTION

This réport summarizes the findings of the concept sedimentation analysis for the
Public Service Company of New Mexico (PNM) Diversion Dam operations on ;the San
Juan River near Fruitland, New Mexico. Potential changes to the amount of water that is
diverted from the San Juan River may affect the rate and volume of sediment that is
transported and deposited within the settling channel of the diversion structure. This
report analyzes and presents the potential changes in sedimentation due to future water
‘demands through the diversion settling channel. The information presented herein is
approximate only, basin on reported performance of the PNM diversion and setiling

channe! and extrapolated for potentiai future conditions.

il BACKGROUND
2.1 Current Conditions

The PNM diversion structure is comprised of a dam spanning the entire San Juan
River channel, with diversion headworks and structures on the right bank. The intake of
the diversion facilities is covered by a log rack, which faces the flow of the San Juan
River at a slight angle. Water flows through the log rack and enters a chamber with two
outiets; a sluice gate directing water through a tunnel in the dam and back to the river,
and a second trash rack (perpendicular to the river) at the inlet to the diversion channel.
Water passes the second trash rack and flows in an open channel around a 90° bend into
a trapezoidal settiing channel. Atthe downstream end of the settiing channel, two outlets
exist. The outlet on the left (looking downstream) is used to flush the settling channel and
is control by radial gates that open to allow water to flow through a 20" wide concrete

channel back to the river, confluencing downstream of the dam. The second outlet is a



concrete wall, 2 feet high, over which the water spills into the pump house. From the
pumping station, the diverted water is pumped offsite.

Currently, PNM controls the amount of diverted water with a combination of the
elevation of the tunnel siuice gate at the inlet and the pumps and pumping rate at the
outlet. Under normal operating conditions, a discharge of 37 cfs (1,000,000 gallons per
~hour) flows through the diversion structure. In a typical week, an average of 6" of
sediment accumuiates on the bettom of the settling basin. (Aéhrnan, 200’1) In order to
remove this sediment, PNM opens the radial gates at the downstream end of the settling
basin, allowing the water to flow back to the river, flushing cut the accumulated sediment.
The flushing process is typicaily necessary once a week for a full day.

2.2  Future Demands

Future conditions for PNM diversicns may include additional water to
accommodate .an additional generating station (SJ5). (Ashman, 2001) Water rights
avaitable for this is approximately 500 acre-feet per month. (Ashman, 2001), increasing
the amount of diverted flow from 37 cfs to 46 cfs. In addition to the PNM increase, the
Navajo-Gailop Water Supply Project {(NGWSP) is investigating possibilities for extractiné
water from the San Juan River at the PNM diversion dam. The NGWSP may divert
hetween 37 cfs and 80 cfs for water supply purpcses. The NGWSP planning is in
preliminary stages at this time.

The additionat water for NGWSP, if allowed to fiow through the PNM structure, will
affect the operations of the setting basin and may alter the characteristics of the

sediment both at the inlet and outlet of the diversion structure.
2.3  Sediment information

Detailed information regarding the concentrations and average sizes of the



sediment that is transported by the San Juan River near the inlet of the diversion
structure are unknown at this time. Additionally, very little is known about the properties
of the sediment that deposits in the settling basin, other than the typical depth of
deposited sediment.

An in-depth sediment study is difficult to perform without this information.
However, estimates of travel times and trap efficiencies can be made based on the
hydraulic properties of the settling basin. The next section describes the process used to

evaluate the effects of the additional discharge through the diversion structure.

18 METHOD OF ANALYSIS

3.1 Hydraulic Model

The velocity of the water passing_ through the settling basin is criticat to the ability
of the flow to either transport or deposit sediment. In order to estimate the velocity at
different levels of flow intake, a hydraulic model was created using HEC-RAS. Eight
cross sections are used to mode! from the inlet at the second trash rack to the outlet at
the downstream end of the settling basin. The flow levels for the model vary according té
ihe various combinations of potential water needs as shown in Table 1.

Table 1. Discharge Levels into the Diversion Structure

PNM Diversion NGWSP Diversion Q- into Diversion
{cfs) (cfs) Structure
(cfs)
37 Q 37
46 o 46
37 37 - 74
46 37 33
37 60 97
46 - 60 106




The elevation of the water surface as it enters the diversion structure is dependent
upon the amount of flow in the San Juan River. A rating curve, developed for the fish
passage project, relates the discharge in the river to the water surface elevation just
upstream of the diversion structure. (Tetra Tech, Inc. 2000) This rating curve, contained
in Appendix B, is used to help establish the water surface elevation at the iniet of the
diversion.

Five different river flow levels are modeled in conjunction with the six different
intake discharges. The river flow levels incorporated in the modei are: 500 cfs {low flow
conditions), 950 cfs (average August flow), 4,000 cfs {(one month before peak), 7,000 cfs
(flow prior to flood losses on south bank) and 10,000 {SJRIP seasonal peak). (Tetra
Tech, Inc. 2000}

The most important result from the HEC-RAS model for sedimentatl:on purposes is |
the value of the velocity at xsec 3 (upstream end of the settiing Easin) and xsec 2
(downstream end of the settling basin). These values are averaged to approximate the

velocity of the flow as it travels through the settling basin.

3.2 Trap Efficiency

With the hydraulic parameters of the settling basin known, the traveling time,
surface velocity and the trap efficiency of the basin can be determined. The average
velocity, of xsec 2 and 3, divided into the length of the sediment basin yields the travel

time as shown.

T, = where Tr =travel time (seconds)

L. = length of travel = length of settling basin (ft)
V = average velocity of length of travel (ft/s)



In addition to estimating the travel time, the fall velocity and the surface velocity
are also important in evaluating the sediment behavior in the settling basin. The faill
velocity, the rate at which a given diameter sized particle of sediment (d) falls, is

calculated as:

W= NV | where w = fal velocity (ft/s)
18ui 7,

g = gravity= 32.2 fi/s*

d = mean diameter of the failing particle (ft)

v = kinematic viscosity of the water = 1.7x107 (f&/s)
.= specific weight of sediment = 165.4 Ib/ft

w= specific weight of water = 62.4 Ib/t

Substituting the known values into the equation yields:
w=173,695 ¢,

The surface velocity is determined by:

v, = y © where Vs = surface velocity in ft/s
surface

Q= flow traveling through the setiling basin,
ranging from 37 cfs to 106 cfs (Table 1)
Agmace = - area of the surface of the water in the settling
basin = 6634 ft*
The trap efficiency of the settling basin is calculated using the following equation:

T, = Y 1100 where Te = trap efficiency (%)
S @ =Sen‘ﬁng velocity(ft/s)
Vs = surface velocity(ft/s)

By setting the value of Tg equal to 100%, the smaliest particle size that will always
settle can be determined for each value of discharge flowing through the seitling basin.

Another way to use the trap efficiency equation for evaluation is to set the particle

diameter size at a known value and solve for the surface area that would be required for



100% of particles that size and bigger to deposit in the basin. The equation is then
written as:

",
P —
173,695d°

where Tg is set to 100% and d becomes a fixed number.
The time it will take for a particle te fallout of suspension, Te, is a factor of the
particle fall velocity and the depth through which it needs to fall. In the case of this
settling basin, the depth is assumed to be the height of the water above the top of the
outlet wall at the pump intake plus an additional depth below the top of the wall to

account for any turbulent forces of the moving water. This is assumed to be G.5 feet. ltis

also assumed that ali particies below this depth will be deposited in basin.

T, = D where Te = fall time (sec)
@

D = distance to falf (ft)
w = fall velocity (ft/s)

The fall time needs to be less than the trave! time through the basin in order for

the particle to be deposited. This criterion is also evaluated.

3.3 Velocity at Racks

In addition to sediment evaluations, the velocity at the intake racks needs to be
evaluated for consideration of future permitting. First, the amount of discharge that will
flow through the sluice gate tunnel is estimated using an orifice equation. Calculations
are shown in Appendix B. The amount of diverted discharge (fiow through the trash rack)
is added to the tunnel discharge to estimate the total discharge that will be flowing
through the log rack. The depth of flow at the log rack is determined Dy using the rating

curve to establish the water surface elevation in the San Juan River and subtracting out



the elevation of the bottom of the log rack. The open width at the fog rack is determined
by subtractiﬁg the width of the vertical bars of the rack from the entire width. The open
width times the depth is the open area. The velocity through the fog rack is determined
by dividing the total discharge by the open area in the log rack. The velocities are shown
in Table 2 for river flows of 500 cfs (low flow conditions) and 10,000 cfs (seasonal peak).

Appendix B contains the velocities for all flow scenarios.

Table 2. Velocity at the L.od and Trash Racks

Discharge Velocity
(cfs) (ft/s)

River \ Diverted Log Rack ‘ Trash Rack

500 37 0.26 | 0.41

500 46 0.32 0.52

500 74 0.53 C.84

500 83 0.59 0.54

500 [ 97 0.69 1.10

500 106 0.76 1.21
10,000 37 0.14 0.13
10,000 46 0.18 0.17
10,000 74 0.28 0.27
10,000 83 .32 0.30
10,000 97 0.37 0.35
10,000 106 C.41 0.39

Next, the amount of head lost through the log rack is estimated using Reciamation
Design Standard No. 2, Canals and Related Structures head loss equation. This is
subtracted from the water surface elevation used to determine the toss through the log
rack to yield the water surface elevation at the trash rack. The same calculation process

occurs at the trash rack and the velocities are determined. Again, the results of the



calculations are summarized in Appendix B.
V. RESULTS
4.1 Current Conditions

All of equations discussed in Section Il have been applied to the different flow
scenarios using information from the HEC-RAS model. Table 2 summarized the results
of the calcuiations for the current settling basin configuration.

At the current diversion rate of 37 cfs, the smallest particle size that will fall out of
suspension and deposit in the settling basin is 0.055 mm. This size is classified as
coarse silt. The fali time for a pariicle this size in the basin is 174 seconds, which is
significantly less than the travel time of 344 seconds. The particle will therefore have
sufficient time to fall out of suspension. It is assumed that all sediment larger than 0.055
mm will deposit in the settling basin as well as some of the sediment that is smalier than
0.005mm. However, without knowing any information of the percentages of sediment
sizes being transporied into the diversion structure, it is impossible to estimate the
amount of sediment that will deposit.

If the diversion rate were to increase to 46 cfs, at 100% trap efficiency, thé
smaliest size particie to deposit will be 0.061 mm, also coarse silt. The current size of
0.055 mm would have a trap efficiency of 82%. The required fall time wouid be 151
seconds, far less than the available travel time of 284 seconds.

At the maximum diversion rate of 106 cfs, the smallest particle size to deposit with
100% trap efficiency would be 0.092 mm, very fine sand. The trap efficiency for 0.055
mm would be 35%. As in all other cases, the fall time, 91 seconds is less than the travel
time, 170 seconds. All of the corresponding values for the different diversion rates are

shown in Table 2. Summary of Calculations for Current Basin Configuration.
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4.2 Future Conditions

The original construction plans for the PNM settling basin included two identical
sections of settling basin to be built side by side. However, only the right side of the
basin was constructed. If the second basin were to be constructed now, this would
impact the settling capabilities of the basin area. In order to estimate the impact if the
second basin is constructed, a second HEC-RAS geometry fite was created to estimate
the velocities through the basin. Table 3 contains the resuits of the calcutations based on
both sides of the setfling basin being in operation. The velocities are much slower as
expected and the surface area has doubied. This however will only trap the same size
sediment as current operating conditions for up to 74 cfs. f any further diversion
discharge demands are put on the system, the basins will not have the same trap
efficiency as is observed currently.

In order to determine what area would be needed to maintain current conditions, a
value of d = 0.065 mm was used in the trap efficiency equation and the area was
determined for each value of diversion discharge. The results of this analysis are
contained in Tabie 4. To maintain 100% trap efficiency for particles sized 0.055 mm and
bigger at a diversion rate of 106 cfs, a total surface area of 19,000 cfs is required. This is
an amount almost 2.9 times the current surface area.

4.3 Sediment Removal

Based on current operations, PNM flushes sediment from the setiling channel
approximately one time per week with an average sediment depth of 6 inches. Based on
the existing dimensions of the settling channel, this translates to approximately 150 cubic
yards of sediment per week. Assuming similar concentrations in diversions for the

NGWSP would yield an additional 300 cubic yards of sediment. Opticns for removing

10



sediment, based on the current settling channel operations, include flushing back to the

river and mechanical removal.

4.3.1 Flushing to the San Juan River

| Currently there are no TMDL restrictions of this particular reach of the San Juan
River. However, it is anticipated that there will be TMDL restrictions for suspended solids
by the year 2004 (Ashman, 2001). it is not known at this time if TMDL restrictions will
effect current or future flushing procedures. However, it can be anticipated that water
quaility permitting will be required for flushing sediment from an expanded or new settling

channel to serve the NGWSP.

4.3.2 Mechanical Removal

Mechanical removal may be possible, requiring a potential redesign or reconfiguration of
the settling channel, as it exists today. One of the chailenges of removing the sediment
will be locating and accommodating sufficient space for dewatering this large volume of
material.  Dewatering procedures couid vary depending on the requirements for

transportation and disposal.

V. CONCLUSIONS

This study is based primarily on the medeled hydraulic conditions of the settling
basin. Detailed sediment studies can not be performed at this time due to lack of
knowledge of the sediment characteristics in the San Juan River and the settling basin.
General conclusions can be made from the trap efficiency and travel time estimates, All

other factors remaining the same, the trap efficiency will decrease as the discharge

11



increases, from 100% for 0.056 mm at 37 cfs to 39% for 0.055mm at 106 cfs. This would
indicate that srﬁaller sediment would remain in suspension and be transported through
the system. The large sediment will still deposit and the higher discharges will carry more
volume of sediment to deposit.

The surface area needed for additional discharge is a direct relationship when
applying the trap efficiency equation. For the maximum proposed vaiue ‘of 106 cfs, a
surface area of 19,000 ft* would be required to maintain the current trap efficiency.

A very important factor to consider in evaluating this report is that all calculations
have been performed with the assumption that the sediment characteristics of the water
coming into the diversion structure do not change as the amcunt of diverted water
increases. This however may not be the case. _b}{}/jthout performing a detailed
sedimentation study, which would include sediment sampling during a varisty of
dischérge values, the exact changes to be expected can not be determined. The higher
discharges may be able to transport a farger sediment ioad through the intake and
therefore deposit a larger volume of sediment. This is an important factor to consider
when contemplating future uses. Additionally, if the settling basin surface area is not
increased and the diverted discharge does increase, less sediment of the smaller sizes
may fall out of suspension. This would result in higher sediment load in the outflow of the

settling basin. This may affect any treatments needed of the water after leaving the

diversion structure.

12
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APPENDIX B

CALCULATIONS

B.1
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