VARIANCE REQUEST
lowa Department of Natural Resources

1. Date: 7/21/09 14. Decision: panzer
2. Reviewer/Engr.: Larry Bryant Date: 1/ 22 joq
3. Date Received: 7/07/09
4.  Facility Name: Urbana, City of STP
5. Facility Number.  6-06-80-0-01
6. County Number: 51 (Benton) 15. Appealed:
7. Program Area: CP (Wastewater Date:
Construction)
8.  Facility Type: C02 (Pumping)
9.  Subject Area: 314 (Check Valve
Location)

10. Rule Reference: 567 IAC 64.2(9)a

11. Design Std. Ref.:  13.56.2 (Discharge line)

12. Consulting Engr.: Hart-Frederick
Consultants, P.C.

13. Variance Rule: 567 IAC 64.2(9)c

16. Description of Variance Request:
Allow the location of check valves in the discharge piping for three separate pumping stations
in a vertical orientation rather than the horizontal position as required by IA 13.5.2.

17. Applicant's/Consulting Engineer’s Justification:

“The valves will be located above the floor of the proposed control building in a separate room
from the pump controls. This arrangement of valves and piping will allow for easy access for
inspecting and maintaining the valves while decreasing the area needed for housing the
valves compared to that required for horizontally installed check valves. According to the
manufacturer’s literature and recommendations, the specified check valve works equally well
in either the vertical upward flow or horizontal position.”

18. Department's Justification:

Recommend variance denial:

The proposed type of check valve is an air cushion swing check with an external weighted
lever arm. Both IA design standards and 10-states standards allow ball check valves to be
vertically oriented but require all other types to be installed in the horizontal plane. There are
two issues of concern with respect to vertical mounting of swing check valves:

(a) The disk must be prevented from stalling. Plain swing check valves that rely on gravity
(i.e. the weight of the clapper) to close should not be allowed in vertical orientations since
proper closure relies on horizontal orientation of the valve. However, other types of check
valves such as weighted outside lever and spring designs that force the valve closed under
no flow conditions overcome this issue. In this case an external lever and weight valve
closure mechanism is proposed and the specified valve manufacturer specifically states that
the valve may be installed horizontally or vertically.

(b) In a vertical orientation, solids may settle out once flow has stopped and deposit on top of
the clapper and in the valve bonnet. This may plug the valve and eventually prevent the
clapper from opening fully. See the attached references. The specified valve manufacturer
also states that the valve is recommended for raw sewage, but it is unclear how this concern
is addressed if the valve is installed in a vertical position.
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Other variances have been approved for the use of swing check valves in vertical
installations. However, in this case there is no justification presented for why a ball valve
could not be used if a vertical orientation is necessary for the piping arrangement or how the
design addresses the solids deposition concern. Variance denial is recommended.

19. Precedents Used:

No variance denials were found for standard. The following variances for vertical installation
of check valves were found:

-City of DeSoto (11/14/03)

-City of LeMars (12/9/03)

-City of Parkersburg (5/16/00)

-City of Marshalltown (10/18/89)

-City of Gravity (5/23/06)

20. Staff Reviewer: W Date: 7/2; /0‘52

21. Supervisor: ///)(/@‘-/( /7//_-——-—‘ Date: 7/2’/0"7

22. Authorized by: {iM é/WM Date: 7/2 ,‘2/;’2@?
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July 22, 2009

Keith Schmitz, Mayor
City of Urbana

906 West Main Street
Urbana, IA 52345

RE: Variance Request - lowa Wastewater Facilities Design Standards Section 13.5.2

Honorable Mayor:

This letter is in response to Hart-Frederick Consultants, P.C. request on behalf of the
City for a variance from Section 13.5.2 of the lowa Wastewater Facilities Design
Standards. Section 13.5.2 of the lowa Wastewater Facilities Design Standards states
that “Check valves shall be suitable for the material being handled and shall be placed
on the horizontal portion of discharge piping except for ball checks, which may be
placed in the vertical run”. This design variance request has been denied.

Air cushioned swing check valves with external weighted lever arms are proposed for
Urbana’s lift stations. To our knowledge, there are two primary concerns with vertical
installation of swing check valves:

(a) The valve disk must be prevented from stalling. The proposed valves overcome
this concern by utilizing an externally weighted lever arm which prevent the valve
disk from catching in the open position. As noted by Hart-Frederick, the
specified valve manufacturer states that the valve may be installed either
horizontally or vertically. We agree that the valve would function equally well in
either the horizontal or vertical position in clean-water conditions.

(b) In raw wastewater applications, solids may settle against the disk and within the
valve bonnet when flow stops. This may prevent the valve from functioning

properly’.

Our review of the justification presented did not find that the concern regarding solids
deposition on the valve mechanism or in the valve bonnet was addressed sufficiently to
demonstrate equivalent effectiveness as would be provided by compliance with the
design standard in this instance. The City may appeal the denial of this decision in

' See Sanks, Robert L. 1998, Pumping Station Design 2" Edition, pp. 121, 124-125 & 834 and
Tchobanoglous, G. 1981, Wastewater Engineering: Collection and Pumping of Wastewater, p. 362
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City of Urbana
July 22, 2009
Page 2 of 2

accordance with 567 IAC 64.2(9)"c” or request further consideration if additional
justification addressing the solids deposition concern is presented.

Please contact me at (515) 281-6759 or larry.bryant@dnr.iowa.gov if you have any
guestions.

Sincerely,

5

Larry Bryant, P.E.
IDNR Wastewater Engineering Section

cc: Randy Krutzfield, P.E./Hart-Frederick
Michael Hart, P.E./Hart-Frederick






sometimes used in the wet wells of pumping stations
to block flow to part of the wet well so that a pump
and its suction piping can be dewatered for mainte-
nance. The plate may have its own actuator or may be
lifted by hand. Large plates can be lifted with a crane
or hoist and stored on a rack or in a pit when not in
service.

The plate is usually aluminum, but wood, fiber-
glass, stainless steel, and other materials are some-
times used. A local fabricating shop can make stop
plates if supplied with detailed design information.
Alternatively, a somewhat more sophisticated plate
can be obtained from manufacturers, which means the
engineer need not design such details as reinforcing.

Except for very small units, stop plates cannot be
moved up or down when there is a substantial difference
(more than about 0.2 m or 6 in.) in water level across
the gate. If it is necessary to move the plate under such
conditions, (1) a sluice gate may be used instead or (2) a
valve (typically a 100- to 200-mm [4- to 8-in.] gate or
butterfly) or small stop plate can be mounted in a larger
plate to allow equalization of water levels before the
larger plate is moved. Stop plates are inexpensive, are
simple, are suitable for local fabrication, and take up lit-
tle of the valuable space in a wet well, but moving them
is awkward and the leakage is high.

5-4. Check Valves

A check valve is usually (but not always) required to
(1) prevent reverse flow and prevent runaway reverse
pump speeds when the pump is shut off, (2) keep the
pipeline full of water to prevent the entrance of air,
and (3) minimize water hammer and surges for pump
start-up and shut-down.

Vertical pipelines are poor locations for check
valves if the water contains grit or solids. For verti-
cally placed valves in clean water service, special
springs or counterweights may be needed. Manufac-
turers that state that a check valve can be p_.l_ilce__d in a'i,
vertical pipeline are referring only to_the springs or_
counterweights and ignoring the danger of deposited
grit and solids, which can (and will) jam the valve,,

The designer’s responsibility is the selection of a
valve that will give good service in keeping with the
pump selection, hydraulics, and size of the system.
The first decision is whether a check valve will serve,
or whether a more sophisticated pump-control valve is
necessary to limit surges. Some insights for this deci-
sion are contained in Chapters 6, 7, and 26 as well as
in Parmakian [12], but only a sophisticated mathemat-
ical model of the system solved by means of a com-
puter can provide a rational analysis. Unfortunately,
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such modeling is too time consuming and expensive
for common use.

Valve Slam

Check valves can be divided into two broad classifica-
tions: (1) those that are closed by the static pressure of
water above the valve (mechanical checks) and (2)
those held shut by an external actuator (pump control
or controlled check valves). The latter do not slam, but
swing checks do if, before the valve is fully closed,
any substantial reverse velocity catches the valve disc
and accelerates it until it strikes the body seat
abruptly. The sudden stop of disc, lever, and counter-
weight (if there is one) plus the violent impact of the
disc on the body seat (especially if the contact is metal
to metal) causes an explosive noise and vibrations that
shake the pipe and may shake the whole building. The
real problem is the water hammer that results if the
water column is flowing backward at a significant
velocity when the valve closes. However, valve slam
can occur without water hammer and vice versa.

At worst, valve slam can rupture water lines and
pump casings. At best, it is annoying. In between, it
pounds the system, can overstress pipes and joints,
and may well result in eventual leaks and greatly
increased maintenance. It is difficult to give advice on
the best kinds of valves to specify because valve slam
depends on many interrelated factors in addition to
valve design. Other factors that are just as important
include static head, friction head, the inertia and spin-
down characteristics of the impeller and motor, size of
pipe, and velocity of flow. Generally, valve slam is
caused or aggravated in the following ways.

Low flywheel effect. The principal cause of valve
slam is quick deceleration of the pump due to low
angular momentum of the impeller, the driver, and
the water within the casing. With enough inertia,
valve slam can be prevented, but the necessary fly-
wheels may be large and costly.

High proportion of static head. If the headloss is
70% static and 30% dynamic (due to friction),
valves slam worse than if the headloss is 50% static
and 50% dynamic. A simple vertical lift (e.g., into
an adjacent elevated tank) is especially prone to
valve slam.

Frequency of valve slam. Valve slam may stress
material beyond yield strengths and cause perma-
nent deformations. A few deformations of a given
intensity may be acceptable, but numerous defor-
mations eventually cause leakage or rupture. Even a
single slam, if severe, is dangerous.




124 Chapter 5 Valves

Table 5-3. Recommendations for Use of Check Valves?®

Water Wastewater

Type of valve Raw Clean Raw Treated Sludge
Ball E E E E E
Ball lift F-G F-G E-G F-G G
Center-post guided P F X X X
Double door X G X X X
Flap — - G — —
Foot F G — — —
Swing

No outside lever P P P P P

Outside lever and counterweight F-G F-G G > F-G G

Outside lever and spring F-G F-G F-G F-G F

Quside lever and air cushioned F F F E P

Qutside lever and oil cushioned G G G G G

Slanting disc G G X F X
"E, excellent; G, good; F, fair; P, poor; X, do not use; —, use is unlikely.

Ball Lift Check Valves

A ball lift check valve contains a ball in the flow path
within the body. The body contains a short length or
guide piece in which the ball moves away from the
seat to allow the passage of fluid. Upon reverse fluid
flow, the ball rests against an elastomeric seat.

These valves are often encountered in pumping
stations in sizes of 50 to 150 mm (2 to 6 in.) or smaller
for pump seal water or for wash water supply piping.
They have also been successfully used by at least one
major pump manufacturer for raw wastewater pump
discharge piping up to 600 mm (24 in.). Except for
small sizes, bodies are made of ductile iron. The ball
is hollow with an external rubber coating resistant to
grease and dilute concentrations of petroleum prod-
ucts, acids, and alkalies. The specific gravity of the
balls can be adjusted to suit a wide range of operating
conditions.

The valves are said to be self-cleaning, rugged,
reliable, nonclogging and to be able to withstand
repeated cycling, because each time the ball is
reseated, a different part of the surface rests on the
seat. In larger sizes (100 mm [4 in.] or more) for
sludge pumping service, ball lift checks are part of the
mechanism in plunger (piston) sludge pumps.

As check valves for wastewater pump discharge
piping, the valves have these advantages: (1) the head-
loss is lower than it is for other types; (2) there are no
external penetrations and no leakage to the outside
(although good swing check valves properly set up do
not leak either); and (3) stringy materials have nothing
to wrap around and do not foul the valve. On the other
hand, the standard valve (unlike swing check valves)

gives no indication of whether water is flowing—a
serious disadvantage. Ball lift check valves are, how-
ever, available with ball position indicator-proximity
switches.

Decisions to use a ball lift check valve instead of,
say, the faster-closing swing check valve with a
spring-loaded lever should be based on a computer-
aided dynamic hydraulic analysis of the system.

Center-Post Guided Check Valves

Center-post guided check valves are low cost and are
called “silent check valves” by some manufacturers.
They close more rapidly than any other check valve.
As shown in Figure 5-13, the disc is held closed by a
spring until the pump is started. The spring selection
is very critical; it is the differential pressure across the
valve (difference between static head and TDH) that
must be specified and not the safety pressure rating of
the system. An incorrect specification results in valve
slam.

Three disadvantages of this valve type are that (1)
the operating mechanism is enclosed so the valve
must be removed for servicing, (2) there is no external
indicator of the position of the disc, and (3) the head-
loss is high.

Double Leaf Check Valves

Double leaf (also double door, double disc, or split
disc) check valves contain two hinged half-discs in a
short body. The two half-discs are hinged in the mid-
dle and contain a spring that forces them closed. This
type of valve has no connecting flanges of its own.
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Figure 5-13. Center-post guided “silent” check valve.
Courtesy of APCO Valve & Primer Corp.

Instead, it is inserted between two adjacent pipe
flanges. It can be installed in either the horizontal or
vertical position.

These valves should never be used in sewage or
sludge service or in abrasive conditions because the
hinge and discs can catch solids and the seat and discs
would wear in abrasive service. Double leaf check
valves are small, light, and inexpensive and have a
short laying length. They close very quickly but they
cannot be adjusted from the outside, nor can they be
cushioned, so a sudden flow reversal can cause slam
and water hammer. Shut-off is not leakproof. Other
disadvantages are (1) the valve must be removed to
service the mechanism, (2) there is no external indica-
tion of whether the valve is open or closed, and (3)
they are subject to a fluttering motion caused by vor-
tex shedding as the fluid moves past the valve plates.
If the fluid velocity is less than 3.4 m/s (11 ft/s) and
the valve is at least eight pipe diameters downstream
from any source of flow disturbance such as a pump or
a fitting, the problem is reduced [13].

Foot Valves

A foot valve is a special design of a lift check valve. It
is used in the suction line of a sump pump to prevent
loss of prime. It is designed for upflow and is attached
to the bottom of a pump suction pipe.

Foot valves are prone to leakage, especially when
used in fluids containing abrasives and solids, and
they are difficult to service. Foot valves decrease the
net positive suction head available (NPSH,, see Sec-
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tion 10-4). In a raw sewage pumping station, a better
choice would be to use a self-priming pump if a con-
ventional wet well-dry well pumping station cannot
be used or is not feasible.

Lift Check Valves

The body of a lift check valve is similar to that of a
globe valve. A plug or stem moving within a guide
lifts upward and allows fluid to pass through the valve,
The plug seats when the flow reverses.

A lift check valve does not provide a tight shutoff.
[t cannot be used in fluids containing solids or abra-
sives, and gum-forming fluids can cause the stem to
stick. Sudden flow reversal can cause water hammer.

This type of valve is normally encountered in
pumping stations only in sizes 50 mm (2 in.) and
smaller and in services such as utility water and com-
pressed air.

Swing Check Valves

A swing check valve (Figure 5-12) contains a hinged
clapper or disc that rests on a seat and prevents fluid
from flowing backward through the body. A disadvan-
tage of metal-to-metal design is the lack of a tight seal
when the disc is seated, so a rubber seat is better. The
disc is usually affixed to a hinge pin by means of an
arm. The pin and arm allow the disc to move up and
out of the flow path in the direction of fluid flow.
Swing check valves can be installed in both hori-
zontal and vertical positions. In a horizontal position,
the valve bonnet must be upright. In a vertical pipe,
the valve must be installed so that fluid flow is in the
upward direction, but never install swing check valves
in vertical pipes in sewage, sludge, or slurry service

‘because rags, debris, and grit would seftle against the

disc and eventuall ioning. Clearing the

valve in this position is a messy, disagreeable task.
Slamming when a pump stops and the fluid
reverses direction is a significant problem when using
swing check valves of some designs. In general, swing
check valves larger than 150 mm (6 in.) should have
an outside lever and spring to close the disc quickly
before the fluid can reverse direction. Note, however,
that a commonly used check valve standard, AWWA
C508, does not cover the outside lever and spring
design. A disadvantage of this type of valve is that the
outside lever and spring or counterweight can prevent
the disc from opening fully, especially at low flow
velocities—Iless than about 3 m/s (10 ft/s)—with a
consequent increase of headloss. The swing check
valve in Figure 5-12 is fully ported when open 20°,
but most designs require a swing of 60° to open fully.





























































