CITY OF ALBUQUERQUE

March 5, 2018

Diane Hoelzer, P.E.

Mark Goodwin & Associates
PO Box 90606

Albuquerque, NM, 87199

RE: Juan Tabo Hills Estates
Manhole 47 Drainage Report
Stamp Date: 3/1/18
Hydrology File- M21D018; DRB# 1005278

Dear Ms. Hoelzer:

Based on the information provided in your submittal received 2/28/18, this submittal
cannot be approved for Work Order by Hydrology.

PO Box 1293
1. The proposal to re-align the inverts at Manhole 47 and maintain supercritical flow
down the trunk to Tijeras Arroyo is unacceptable as the resulting hydraulic jump at the
Alb downstream junction box poses too great a hazard.
uquerque

2. The proposed Energy Grade Line along the trunk under Sandia Sunset is too far above
ground even for pressure manholes to be considered. Any unanticipated hydraulic jump
along this trunk would be damaging to public and private property.

NM 87103 3. The excessive energy from the upstream storm drain will need to be dissipated at

manhole 47. One option may be to lengthen manhole 47, creating a chamber long

enough to force the R-2 flow regime as referenced in your report.

.cabq.gov
i If you have any questions, you can contact me at 924-3695 or dpeterson(@cabg.gov.

Sincerely,

Pl //jZ%

Dana Peterson, P.E.
Senior Engineer, Planning Dept.
Development Review Services
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Orig: Drainage File Albuguerque - Making History 1706-2006
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Juan Tabo Hills Estates Storm Sewer Trunkline
(CPN 665888)

Hydraulic Analysis of the Drop Manhole 47

Purpose

At the eastern boundary of Juan Tabo Hills Estates, there is a thirty foot drop in
elevation between Juan Tabo Hills Unit 1 and 2 and this new development. There is an
existing 84" RCP discharge pipe just south of Gallant Fox Road in the open space area
that discharges from the upper JTH to the lower JTH Estates subdivision. At this
location a 12.05 ft. drop manhole was designed to be constructed. The previous design
Engineer had intended for this drop manhole to be used to dissipate energy and slow
down velocities downstream. However, the actual hydraulics of this situation was not
analyzed. During construction, one of the City stormwater maintenance Engineers
expressed concern over both the structural and hydraulic functionality of this drop
manhole.

As a follow up to his concerns, the 10’ diameter manhole was structurally designed to
handle the momentum forces associated with the 100 year storm discharges. The

hydraulics of the drop manhole was also investigated, which is the purpose of this
report.

Introduction

In steep terrains in urban area, drop manholes are sometimes used to dissipate energy.
Drop manholes may lead to poor hydraulics if they are not designed properly to
dissipate excess energy. Inadequately designed drop manholes can adversely affect up
stream and downstream flow conditions.

According to the referenced paper, “the dominant hydraulic features of drop manholes
depends on the flow regimes, characterized in terms of the dimensionless impact
parameter.”

Depending on what flow regime the drop structure is determined to be in, the relative
pool height can also be calculated. The pool height is measured upward from the invert
of the drop manhole.

For the particular condition at drop manhole 47, both of these values were calculated to
determine if drop manhole would dissipate the excess energy from the upstream 84"
storm pipe discharging from JTH Unit 1 and 2 developments in an adequate and safe
manner, without affecting upstream or downstream flow conditions.
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Assumptions used in this analysis:

1. The referenced scientific paper is directly applicable to our situation.

2. The discharge values from the JTH Unit 1 and 2 as built drawings are accurate.

3. The pipe sizes and.  invert elevations in the as built JTH Unit 1 and 2
drawings are accurate.

Calculations and Results

The Impact number is defined as:
I =((2 xs)/g)"0.5 x (Vup/Dm) where:

s= drop height

g=gravity acceleration
Vup=upstream pipe velocity
Dm=diameter of drop manhole

For our condition: | = ((2 x 12.05f) / 32.2f/s"2)"0.5 x (24.6 fps/10f) = 2.128

According to Figure 5 our situation is in flow regime R3b. Fiow regime R3b is
“established by high approach flow Froude numbers with the water jet spreading radialty
over the manhole wall. A spiraling flow runs along the manhole wall interfering for high
discharges ...”

According to Figure 5 this flow regime shows a relatively high energy loss in the
manhole of approximately 0.87 percent.

“If the manhole operates under Regime 3, the drop manhole outflow is similar to orifice
flow. Energy considerations lead to:

Hp/Dout = 0.6 + (7.3 — (Dm/Dout) x (Q*2)
Where Q" = Q/(g x Dout"5)20.5

Hp = pool height { in manhole)

Dout = diameter of outfall pipe = 7.0 ft
Dm = diameter of drop manhole = 10 ft
Q* = non-dimensional discharge

Q = discharge value = 809 cfs

G = gravity acceleration = 32.2 f/s"2

Results:
Q* =1.0997
Hp/Dout = 7.70

Hp = 53.9 ft (unacceptable, discharge above top of manhole).
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Conclusion:

A drop manhole at this location cannot be designed in such a manner that will dissipate
energy in a way that will not adversely affect the upstream and downstream flow
regimes, and in this case the turbulence will over top the manhole 47 cover and possibly
the downstream inlets.

An alternative design that was checked using the WSPGP storm model, was to connect
manhole 47 invert directly to the invert of the downstream manhole 9 located at the toe
of the sloped area in JTH Estates. This revision does increase the downstream
velocities, but the HGL is well within the inside of the storm pipe and supercritical flow is
maintained all the way to the junction box.

Attachments: 1) Exhibit | — Existing Storm Drain Manhole 47 Design
2) Exhibit |l - Proposed Revised Storm Drain Manhole 47 Design
3) Reference: Granata F., de Marinis G., Gargano R., Hager W.H.
(2011). “Hydraulics of Circular Drop Manholes.” Journal of Irrigation
and Drainage Engineering 137(2): 102-111.

Diane Hoelzer, PE
2-26-18
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" JUAN TABO HILLS ESTATES STORM DRAIN DROP MANHOLE 47
EXISTING APPROVED DESIGN

EXHIBIT 1 SCALE 1°=10’




PROPOSED REVISED DESIGN
EXHIBIT 1I SCALE 17=10’
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Hydraulics of Circular Drop Manholes
F. Granata'; G. de Marinis®; R. Gargano®; and W. H. Hager, F.ASCE*

Abstract: Circular drop manholes are widely employed in steep urban drainage systems. Drop manholes may lead to poor hydraulic
conditions if their energy dissipation 15 inadequate. The dominant hydraulic features of drop manholes depend on the flow regimes,
characterized in terms of the dimensionless impact parameter. Depending on the latter parameter, the energy dissipation can vary within
large limits, affecting thereby the downstream flow features. Also, the water pool depth inside the manhole and the air entrainment have
been studied in terms of both the hydraulic and geometric parameters. Moreover, the conditions for which a drop manhole generates flow
choking at its inlet or outlet have been investigated. Empirical equations for practical manhole design are provided. The importance of
suitable manhole aeration is highlighted.
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cal Row.

Introduction

Drop manholes are ancient hydraulic structures, as testified by
Roman aqueducts (Chanson 2002). Nowadays, they are widely
implemented  in_drainage newworks for steep urban calchments,
where the topography induces excessive flow velocities. The pres-
ence of drops allows to release the design of sewer systems from
the slope of urban areas, thereby decreasing pipes slope. The flow
velocities are then reduced and thus consistent with adequate
working conditions of sewers.

A minimum drop height to avoid negative backwater effects to
the manhole is required (Christodoulou 1991}, and chocking of
the downstream sewer should be aveided (De Martino et al.
2002). Tn addition, a drop should generate a sufficient energy loss
(e.g., Camino et al. 2009; de Marinis and Vicinanza 1994; Calo-
mino et al. 1999). If the drop manhole has a poor erergy dissipa-
lion, the kinetic energy al the manhole outlel will be larger than at
the manhole inlet (Rajaratnam et al. 1997; Chanson 2004). Tf the
energy losses are significant, the flow depth in the downstream
sewer may be higher than upstream of it, causing choking of the
outflow (Christodoulou 1991). Therefore, adequate dropshaft de-

'Research Fellow, Dipartimento di Meccanica Strutture Ambiente ¢
Tertitorio, Universita di Cassine, Via G. I Biasio 43, 03043 Cassino
(FR), Ttaly (corresponding author), E-mail: f.granata@aunicas.it
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ritorio, Umversita di Cassino, Via G. Di Biasio 43, 03043 Cassino (FR),
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e Territorio, Universita di Cassino, Via G. Di Biasio 43, 03043 Cassino
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*Professor, Laboratory of Hydraulics, Hydrology and Glaciology
VAW, ETH Zurich, CH-8092 Ziirich, Switzerland. E-mail: hager@vaw.
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Note. This manuscript was submitted on September 23, 2009; ap-
proved on July 13, 2010; published online on July 16, 2010. Discussion
period open until July 1, 2011; separate discussions must be submitted for
individual papers. This paper is part of the Journal of Irrigation and
Drainage Engineering, Vol. 137, No. 2, February 1, 2011. ©ASCE,
ISSN 0733-9437/2011/2-102~111/$25.00,

sign has to take into account two aspects: {1) significant reduction
of kinetic energy and (2) optimum flow conditions, particularly in
terms ol choking.

The hydraulic performance of drop manholes depends on the
approach flow characteristics, the manhole geometry and the tail-
water leatures. Despite a wide usage of drop manholes, this hy-
draulic structure has not yet been systematically studied. -
Therefore, an experimental research was initiated 10 study the
perlormance of circular drop manholes under supercritical ap-
proach flow. The experimental facility allowed for analyzing a
wide range of working conditions, taking into account the various
[actors controlling the performance of drop manholes. The par-
ticular geometry of circular dropshaft has led to an improved
classification of flow regimes as compared to Chanson (2004), to
understand their basic behavior. On the basis of these regimes, the
manhole pool height is described. Furthermore, both the cnergy
loss across the manhole and the residual energy head were inves-
tigaied. Choking of the manhole outlet has also been studied
using a novel dimensionless parameter. Finally, drop manholes
may induce strong air flows, a feature addressed below. The re-
sults are compared with those of Chanson (2004), Granata {2007),
and Rajaratnam et al. {1997). The present observations indicate
that a poor hydraulic performance may result if a suitable aeration
is absent, resulting for instance in cxcessive manhole pool depth
or choking of the manhoie outlet.

Experimental Setup

The experiments were conducted at Laboratorio di Ingegneria
defle Acque, Cassino University, ltaly. The experimental facility
consisted ol plexiglass circular manhole models connected o a
recirculation system (Fig. 1). The tests were performed using two
different manhole models (Fig. 2): Model 1 of internal manhole
diameter Dy=1 m was tesled with drop heights of s=0.5, 1.0,
1.5, and 2.0 m and the water discharge  varied from 3 to 80 L/s.
Model 2 had the characteristics Dy;=0.48 m, s=1.0, 1.2, and 1.5
m, and 1.5 L/s=@=60 L/s. A jet box (e.g., Gargano and
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(1) Drop manhole (8) Variable height support
(2) Jetbox (9) Aeration pipe

(3) Plexiglas pipe (10) Tank

(4) Steel pipe (11) Measurement section
(5) Gate valve {12) Bottom

(6) Pumps {13) Bazin Weir

(7) Electromagnetic flow meter (14) Manhole cover

Fig. 1. Experimental facility

Hager 2002) placed upstream of the manhole controlled the ap- Both the inlet (subscript in) and the outlet {subscript out)
proach (subscript o) flow Froude number F, and flow depth A, plexiglass pipes had a diameter of D,,=D,,,=200 mm, while the
This device consists of a plexiglass frame in which plates of manhole bottom was planc. Flow depths were measured with pi-
various filling ratios can be inserted. ezometers and point gauges of * 0.5 mm reading accuracies, and

Fig. 2. Experimental facility (a} side view (Dy=1.0 m); {b) manhole model with Dy;=048 m
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Fig. 3. Regime R2 with subregimes

the discharges were measured with an electromagnetic meter to
#+ 0.1 L/s. The approach flow depth ), was recorded downstream
of the jet box, where the flow has a horizontal surface and the
pressure distribution is hydrostatic. The downstream {subscript d)
flow depth h; was measured 3.4 m from the manhole outlet,
where the flow is gradually varied and the air entrained by the
drop manhole has almost detrained, resulting essentially in black
water flow. The tme-averaged pool (subscript p) depth hy, was
measured by a set of piezometers connected to the manhole bot-
tom.

Air demand tests were performed sealing hermetically the
manhole against the atmosphere using a plexiglass cover om the
manhole top, so'that the air was supplied only through a 60-mm
diameter pipe placed on the dropshaft top. An anemometric probe
was placed inside the pipe to measure the mean air flow velogity
in a predefined sampling time. Preliminary tests indicated that a
sampling time of 10 min assured adequate test accuracy and re-
peatability. Overall, more than 2,000 tests were performed.

Flow Patterns

Different flow patterns occur in manhole flow depending on the
hydrodynamic features of the approach and tailwater flows and
the manhole geometry. The hydraulic behavior of a dropshaft de-
pends strongly on the location of jet impact inside the manhole.
Chanson (2002, 2004} described three basic flow patterns for the
rectangular dropshaft, namely, Flow Regimes R1, R2, and R3 for
subcritical approach flow. His classification will be extended in

L

the following to account for additional effects present for circular

drop manholes. Experimentation has evidenced various forms of

Regimes R2 and R3, urging to the definition ol subregimes. Thesc

include

* Regime R1 oceurs for small discharges, with the (ree jet
plunging onto the shaft pool.

* Regime R2 includes conditions in which the jet impacts the
manhole outlet zone.

* In Regime R2a [Fig. 3(a)], the falling jet impacis the zone
beiween the manhole bottom and the outlet, with a flow por-
tion directed 1o the downstream pipe, whereas the remainder
feeds the manhole pool, forming a roller in the jet axis up-
stream the impact zone. Two lateral standing waves are gener-
ated close to the manhole outlet.

« Regime R2b [Fig. 3(b)] occurs if the entire free falling jet hits
the downstream sewer invert, spreading in the pipe and form-
ing two swirling wings. Most of the jet is directed into the
downstream pipe, resulting in less energy dissipation and
higher tailwater velocity.

* Regime R2c [Fig. 3(c)] results from a falling jet partially im-
pacting the manhole sidewall above the manhole outlet, while
its lower part enters directly the downstream pipe. The latter is
also characterized by high velocity, entraining large quantities
of air. The bottom pool is alfected by less mixing and the free
surface is less undular than in Regime R2a.

» Regime R3 occurs if the falling jet impacts the vpposite man-
hole sidewall. Two subregimes were defined, namely.

* Regime R3a [Fig. 4{a)], for which the gravity-alTected flow
generates a vertical water veil beyond impact, with a water
curtain covering the manhole outlet leading o omflow con-
traction. The free falling jet keeps a compact core beyond
impact.

= Regime R3b [Fig. 4(b)] establishes for high approach flow

Froude numbers with the waler jet spreading radially over the

manhole wall. A spiralling flow runs along the manhole wall

interfering for high discharges even with the approach flow jet.

These flow regimes may be solely characterized with the

impact number
At P Pl —

Fig. 4. Regime R3 in Model 1 with Regimes (2} R3a; (b) R3b
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Fig. 5. Relative energy loss versus impact number m(l) for Dy,
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box plate of 50% (- - -) transitions among regimes
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P D, (1

where s=drop height; g=gravity acceleration; and V,=approach
flow velocity. Tt accounts for both the hydraulic approach flow
features and the manhole geometry, relating the dimensionless
drop height S=5/Dy 10 the velocity head V3/(2g). The impact
number describes a free falling jet as a material point of velocity
V, (Granata et al. 2009}, This parameter characterizes the regimes
for supercritical approach flows because the impact number de-
scribes the ratio between the horizontal jet location and the man-
hole diameter. The present test data indicate that regime
transitions can be approximated as 1==0.6 between R1 and R2, |
=0.95 to } between R2 and R3a, and 1= 1.5 between R3a and
R3b.

Energy Dissipation

General

The head loss in drop manholes is caused by dissipative phenom-
cna based on the increase of flow turbulence and jet spreading.
For Regime R, the energy dissipation is essentially due to the
impact loss, given that the approach flow jet plunges into the
manhole pool, inducing zones of large velocity gradients. Instead,
for Regime R3, the energy dissipation is promoted by jet impact
onlo the manhole walls and by subsequent jet spreading, leadin
to_the formation of spray and 10 a spiralling flow along the man-
hole wall. The latter dissipates energy by wall friction and plung-
ing into the manhole pool along its boundaries. Further
dissipative eltects are related 10 manhole outllow. IT the free lall-
ing jet impacts the downsiream sewer invert, most of the dis-
charge flows directly into the downstream pipe resulting in a
small dissipative effect, causing unsatisfactory manhole operation
wilh negative downsircam {low leatures,

Effect of Regime

Fig. 5 shows the typical results for the relative energy loss defined
as

=287 1,4

Circular manhale

(2)

where H=s+h+V*/2g=total energy head, i.e, with H,=s+h,
+V2/2g and H =h,+V3/2g (Fig. 6). For each flow regime, a
trend in relative energy loss may be described. Regime RI s
characterized by the largest energy loss with the approach flow
usually characterized by a low Froude number F,
=@,/ (gD, h""*=1, i.c., small kinctic energy as comparcd to the
drop height, such that — 0.9, depending on the drop height s.
For Regime R2, m decreases notably passing through a minimum
at the transition between Regimes R2 to R3. For Regime R2b, the
falling jet impacts the downstream pipe invert generating a 7one
of large velocity gradients associated with only small energy dis-
sipation. Additional energy is dissipated as the jet impacts the
manhele sidewall. In Regime R34, the energy loss increases with
| due to jet impact against the opposite manhole wall jet deflec-
tion results, associated with an increased zonc of large velocity
gradients following impact onto the pool. Regime R3b, in wrn, is
characierized by a large energy loss due to dissipation related o
jet spreading and subsequent plunging into the pool. However, as
the impact number | increases, m appears to decrease. Fig. 3
shows that m generally decreases with the drop height 5. For small
§, the impact jet velocity is small, and the zonc of large velocity
gradients is confined.

Effect of Manhole Diameter

Fig. 7 relates to the effect of manhole diameter reduction. In
Regime R2, the relative energy dissipation decrease is less sig-
nificant as the manhole diameter reduces. In addition, for Dy,
=0.48 m, the relative energy loss in Regime R3 is generally de-
creasing with |. The small v values for Dy=1 m under Regime
R2 [Figs. 7(a and b)] and for Dy;=0.48 m under Regime R3 for
large approach flow filling ratio [Fig. 7(b}] indicate that H,, rc-
lated to the drop height is only partly lost. The nondissipated
portion is converted into kinetic energy in the downstream pipe.
The maximum downsircam energy head in the range 0<=(H,
-5} = 0.6 is (Granata et al. 2009)

H H —=
T":o.osu.s . 5 (3)

Eq. (3) indicates that the maximum of H; depends mainly on the
approach flow energy head ...

JOURNAL OF IRRIGATION AND DRAINAGE ENGINEERING © ASCE / FEBRUARY 2011 /105

1. Irmg Drain Eng, 2011, 137(2). 102-111



Downloaded from ascelibrary.org by Kay Brashear on 02/23/18. Copyright ASCE. For personal use only, all rights reserved.

] T el T
S (@)
:s‘ T
ag $ 8
fateie g
| B aldes Sa

oa Poap ¢
boan

o RI *R2 % R3a ' R3Ib 1

[+ 1 2

3

{b} c

08

e g = S e S

RI_R2 i¥R3,
0 1 2 3

0.6
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Loss Coefficient

In sewer design, the local head loss induced by a drop manhole is
generally estimated independent of low regime by

V!
AH = x;; (4)

where the head loss coefficient K depends on the impact number
lin the range 0<I7><6 as (Fig. 8)

K=a-I? (s)

Eq. (5) expresses the main hydraulic features of drop manholes.
The coefficient a depends on the ratio Dy/s as {Fig. 9}

a=413- (Dt (6)

Egs. (5) and (6) lead to an average value of K for typical drop-
shait operating conditions

Ak

g

K= 2.06F Vv (7
M o
resulting in a mean relative head losy of
AH i
—=1_03.(i) (8)

Eq. (8) indicates that the head loss in a drop manhole is targer
than the drop height if 5> Dy, even if the actual energy loss
depends on the manhole operating conditions.

Christodoulou (1991), in his experimentation on circalar drop
manholes, evaluated the local energy loss coefficient as a function
of the drop parameter D=(gs)"*/V,, resulting for D= 1.5 in

100
K i * Dyfs =032
o Dyfs =040
. B Dyfs =048
P . » ODds=050
. §’ ” o° ADJs-U.{;‘__‘_ ¥
50+ r & '-“ o0 x Dyffs =10 '
/ A 0 Dws =20
‘0 ‘.l
o .a.
r/j -t .
285" e e X
xx”’w*a“
0 3 6

Fig. 8. Head loss cocfficient K versus 172

K=020+230.-D*% (9)
The present test data lead to the slightly different relation
K=025+2.D? (10)

Whereas Eq. (9} only includes the range 0<<D < 1.5 [Fig. 10(b}],
Eq. (10) fits the test data for 0 <D< 8 [Fig. 10(a)]. In addition, if
D=0 {i.e., =0), Eq. (10) leads 10 K=0.25, in agreement with
Gargano (2003) for head tosses in through-flow manholes with
s=0.

Manhole Pool Height

The manhole pool {subscript p) height A, has to be predicted for
a given discharge because of undesired backwater effects. The
manhole drop height s has 1o be lzrger than the pool height for
storm water flows, thercfore, because the approach flow would be
submerged otherwise, and the manhole does no more work under
fuily acrated flow conditions. Fig. 11 shows the ratio h./D,,
versus | for fully aerated flow. In Regime RI, the pool height is
unaffected by the upstream filling ratio. In Regime R2, the pool
height increases, while in Regime R3a, small variations are ob-
served. However, a remarkable increase is ohserved under Re-
gime R3b, The effects of the approach flow depth 7, and of jet
shape become important at the transition from Regime R2 1o R3.
By momentum considerations for Regimes Rl and R2, the
ratio h,/ D, may be demonstrated to depend on the ratio Q°/ ¥,
where Q" =0/ (gD},)"? is the manhole Froude number. An analy-
sis of the test data for Regimes R1 and R2 results in (Fig. 12)

60
a
<
40
20 | R
<
0\6
L 1N-‘——“__|_‘—"—‘-—-45 D d
s 4
¢ 0.5 1 15 2 25

Fig. 9. Cacfficient o versus ratio Dy/s
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Fig. 10. Local energy loss cocfficient versus drop parameter K(D) (a) entire present test range; (b} test data for 0<D<2 wilth Eq. (9)

(—). Eq. (10) ( )
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Fig. 11. Pool height h,/ D, versus | for Dyy=1.0 m, s=2.0 m, and
jet-box opening of 30 (&), 40 (&), 500 <), 60 (), 70 (O), and 80%
(@)

s Q_‘2

h
—"—=0.3+(l+—- ()
Dy / }’.I.'4

Dy,

Eq. (11) indicates that for Regimes R1 and R2, the relative pool
height depends on both the relative drop height /Dy, and on the
jet shape expressed by Q°/ vy

I the manhole operates under Regime R3 {for which normally
h,i D> 1.3), the drop manhole outflow is similar to orifice flow.

Energy considerations lead to

/ Dy
—’L:o_6+(7.3- 1.0 (12)
nul oIl

Eg. (12} indicates that in Regime R3 (Fig. 13}, the relative pool
height depends on the discharge and the ratio Dy,/ D, yet not on
the approach flow filling ratio.

4 4
/Do ! 0] by (5
RE O om RLRT | B3 o
e P 0% 0
1 ; o| 2 : e of
j - %
;
¥ i
i {
. N ene| : 0%
L] [} 1 .5 ] 3% 1 15

Fig. 12. Manhole pool height /,/ D, versus Q"/y>" for (2) Dy
=10 m, $=2.0 m, and plate of 45%; (b) Dyy=048 m, s=1.0 m,
and plate of §0%. Test data (O) with Eq. (11) (——)

Flow Choking

Choking of pipe flow corresponds to a sudden and abrupt transi-
tion from free surface to pressurized flow. This phenomenon has
received scarce attention until now, despite its relevance for over-
charged sewers. As pointed out by Hager (1999), the effect of the
approach flow conditions is essential and manhole outflows sub-
jected with a supercritical approach flow may undergo dangerous
features mainly because of shock wave generation, The presence
of manholes significantly affects the choking phenomena in a
sewer system. Choking downstream of manholes may be devel-
oped by
* Touching of sewer vertex by a wave maximum;

Cut down of air transport;
*  Breakdown ol supercritical flow structure;
+ Development of moving hydraulic jumps; and
* Abrupt transition from free surface to pressurized sewer flow.

For supercritical flow, the sewer filling ratio has to be limited
sufficiently below the soffit. The sewer infiow downstream of a
manhole may choke if the filling ratio is (oo large. In a sewer
manhole, the transition from free surface 1o pressurized pipe flow
is often characterized by the capacity (subscript C) pipe Froude
number (Hager 1999) Fr=Q/(gD")**. Sewer choking was pre-
viously studied relative to abrupt cross-sectional manhole changes
{Gargano and Hager 2002), bend manholes (Del Giudice et al.
2000), and junction manholes (Gisonni and Hager 2002).

As for drop manholes, De Martino et al. (2002) performed
tests for small relative drops (s/D = 1) proposing a choking con-
dition depending on the filling ratio y,, the ratio s/, and on F,
Choking downstream of a drop manhole with /D=2 is a com-
plex phenomenon affecied by many factors, A functional depen-
dence between F and the approach flow filling ratio has not been
found. The test data indicate the importance of the manhole pool
height. The pool blocks the air flow from the manhole to the
downstream pipe as its level increases. Moreover, experimenta-
tion indicates that downstream flow choking is also affected by

®)

ekl
o o3 1 LS 0 03 1

Fig. 13. Manhole pool height #,/D,, versus Q7 for (a) Dy
=1.0 m, s=1.5 m, and plate of 40%; (b) Dy;=048 m, s=1.5 m,
and plate of 85%. Test data (O ) with Eq. (12) (——)
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the approach flow Froude number F,, {(Hager 1999), and the ap-
proach flow filling y,=h,/D. A data analysis demonstrates that
choking can be predicted by the combined parameter W=y [F .
—(ir,,!DouJ], where F,,=approach flow Froude number for chok-
ing inception (subscript ch). In Fig. 14, ¥ is plotied versus y
from which

oy

Yep=—5.9y,+3.5 (13)

tested for 0.3<y,<0.75. Eq. (13) splits the plane (v,.{) into a
“choking zone” and a “no choking zone” (Fig. 14). These results
relate to aerated manhole flow. Below, the effect of aeration ab-
sence on choking inception is also discussed.

Eq. (13} allows to verify the choking risk of a downstream
sewer. First, determine the approach flow filling ratio y, and the
Froude number F,. Then, evaluate h,/D,,, from Eq. (11) or Eq.
{12), and finally the parameter ' =y, [F . —(h./ Dy)]. Compare
the value of ¥’ to s, from Eq. (13). If §' =% -, where & is a
suitable safety factor, the verification is satisfied.

Air Entrainment

Hydraulic structures may undergo a strong interaction between
water and air flows (Falvey 1980), including drop manholes (Ra-
jaratnam et al. 1997; Chanson, 2004: or Granaa, 2007). In a
circular drop manhole, both local and continuous air entrainment
and entrapment processes are observed. These phenomena essen
tially depend on the manhole operating regime. In particular, the
lollowing mechanisms may occur:

* Entrainment by free falling jet;

¢ Jet plunging into manhole pool, if jet does not impact the
opposite manhole wall;

* Air cntrainment mechanism duc to water veil along manhole
wall and plunging into the manhole pool along the boundaries
after jet impact onto the opposite wall;

+ Entrainment due to droplets originating from jet breakup sub-
sequent to jet tmpact onto wall; and

» Surface entrainment at manhole pool surface and supercritical
downstream flow.

These phenomena induce an air flow both as entrained air
bubbles and as air venting above the water surface. The latter may
be considerable as compared to the entrained air (Edwini-Bonsu
and Steffler 2006; Granata 2007).

Only a portion of the entrained air is transported into the
downstream pipe, representing the actual manhole air demand

LR — =
U4 A

F 8
s b a—= Yo
0 025 0.5 0.75 1

Fig. 14. Choking inception from Model 1 (A), Mode! 2 (O), with
Eg. (13) (---)

from the atmosphere. The remaining portion is released in the
dropshaft by detrainment and can be reentrained by water How,
Fig. 15(a) shows typical results of the manhole atr (subscript air)
demand data, where the ratio B=0,,/Q is plotted versus |. In
Regime R1, B increases rapidly with |. The glassy appearance of
the free falling jet indicates that there is no surface entrainment.
In Regime R2b, $ reaches its maximum value. In Regime R2¢, an
abrupt drop ol air demand [rom outside is generally observed, due
to submergence of the manhole outlet or jet spreading. These
involve an air seal of the manhole outlet, avoiding direct ventila-
tion from the manhole. In Regime R3a, a second peak of B is
generally observed, while in R3b, B decreases with |, Then, the
breakup due to jet impact on the opposite manhole wall generates
considerable spray.

Two aeration regimes may be considered [Figs. 15(b and ¢]]
* Aeration Regime I with a direct ventilation of the downstream

pipe from the manhole,

* Aeration Regime Il if downstream pipe ventilation is cul down
by oullet submergence or jel spreading.

Fig. 16 shows the typical air demand for three investigated
drop heights. A small drop height results in a smaller air demand
peak for both aeration regimes, due to lower velocity at the jet
impact point. The kinctic energy ol the frec falling jel becormnes
smaller as the drop height decreases, leading 1o a less effective air
entrainment action.

The relevance of air flow peak observed in Aeration Regime |
may lead to improved aeration for small discharges, a desirable
effect for combined sewer systems, promoting sewage oxygen-

1.5 ;
ﬂ Acration R&gimel o Acrs:tion Regime I1
1} it
: O f
1o
05 qt o 290
L
i Sl
Rl | R2 R3a ; R3b |
0 i
0 0.5 1 1.5 2
(a)
ﬂ Alrinflow [l Alr duflow

E\
b B

(b) (©)

Fig. 15. (a) Retative air demand R=Q,./Q versus | for Dy
=1.0 m, s=1.5 m, and jet-box opening of 60%; sketch of (b) Aera-
tion Regime 1; and (c) Acration Regime 11
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0 1 2 3

Fig. 16. Relative air demand $=0,,/Q(l) for Dy=1.0 m, s[m]
=20 (), 1.5 (-+-), and 1.0 (- - -), and jet-box opening of 60%

ation. To provide an estimate of the maximum air demand under
all possible operating conditions, a data analysis indicated that
maximum values depend on the two parameters nyf'ﬁ. and
Byl*/F,. Fig. 17 shows that the maximum (subscript max) air
demand for Aeration Regime 1 follows for YY" < 0.4 by

(BYo I e =5 - 10" = 0.5 (14)

whereas for Aeration Regime I1, the upper limit is given for 0.4
<y’ <3 by

{B E j'g‘ilFo)max = exp(' I ,\'2%) ( l ﬁ)

Eqs. (14} and (15} give the upper envelopes of the dimensionless
air demand values. Ey. (14) indicates that in Regime I, the maxi-
mum air demand B increases with Iy." following a linear trend.

The effects of jet shape and velocity V, for the air entrainment are

evident, Tn Regime I, B decreases lollowing an exponential

trend. This is due to two factors:

+ Jet spreading along the manhole wall leads to a reduced plung-
ing velocity.

*  Ag the manhole pool depth increascs, buoyancy adds w the
entrainment forces acting on air bubbles. Therefore, the latter
are not transported into the downstream pipe, and air is re-
leased tn the manhole.

1.5 _— 1
(By.>*YF,

Fig. 17. Upper limit of relative air demand for Aeration Regimes |
( 3} and I (- - -}. Test data from Modcl 1 (=) and Model 2 { X))

1.2 b : o :
s [ ] 1 1
L] 1 1 E]
ST I
i LN o
" oaP
Rl :R2 :i R3a &' R3b .
04 : X : .
1 ] ;.0
: L 22l
1 3
! : I
0 1 i L i
0 05 1 1.5 2 25

Fig. 18. Effects of air supply absence on relative poot height #t,/s(I).
Test data for aerated (#) and unzerated (0) conditions for Dy,
=10 m, 5=1.5 m, and jet-box opening of 70%

Absence of Aeration

The perfoermance of a drop manhole may be strongly influenced
!q“)Tfl-l‘c air supply. If the air entrained and transported in the down-
stream pipe is not supplied from the atmosphere, a negative pres-
sure inside of the manhole is set up, inducing an abrupt manhole
pool height increase. Fig. 18 compares hpfs(l) in the presence and
absence of manhole air supply, for Model 1 and s=1.5 m. Note
the abrupt increase in correspondence with Regime R2c. Unfor-
wnately, the absence of suitable air supply 15 frequent in real
sewer systems, because generally the sewer is not equipped with
specific air supply devices. For small drop heights (/,/s=1), a
pool increase to above the manhole intake elevation may induce
undesired backwaler effects o the upstream sewer (Figs. 18 and
19).

Moreover, if a drop manhole has no air supply, the risk of
downstream ffow choking increases. The enhﬁgmm of
air Mlow toward the downstream pipe and the higher pool depth
due to the negative pressure inside the manhole lead to the onset
of choking prior than for acrated manholes. Tests confirmed that
the absence of air supply is disadvantageous in terms of the chok-
mmivcn approach fAow, the average manhole pool
level may be so high that {y,,¥) is located in the choking zone in
the absence of air supply, as shown in Fig. 20. Tests further indi-

Fig. 19. Submerged manhole inlet flow in abscnce of air supply
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Fig. 20. Effect of air supply absence on choking inception. Test data
for Model 1 (#) with sfm]=1.5 and 2.0, and Model 2 (O) with
s{m}=1.0, 1.2, and 1.5, with Eq. (13) (- - -}

cated that the parameter | is less effective to predict the choking
onset than for manholes with an air supply, because the choking
vnset condition may nut be well defined {Fig. 20).

Design Example

Based on the previous results, a practical application is illustrated
in the following. Assume that a steep urban sewer including drop
manholes has been designed based on: design discharge @
=135 UUs, inlet and outlet pipe diameter D, =0D,, =300 mm,
pipe invert slope $5;=0.09, Manning’s roughness coefficient n
=0.014 m™'"*-5, manhole diameter I});=1.2 m, and drop height
5=0.8 m. Under these conditions, the uniform flow conditions
are y,=0.5, V,=3.74 m/s, F_ =34, and 1=1.26, and the manhole
operates in Regime R3a from Eq. (1). It would seem to be an
acceplable design. However, the pool height is /,=0.91 m from
Eq. (12}, larger than the drop height, with a risk of backwater
effects, while the choking verification would not be satisfied,
given that §’=0.204 <{4,,=0.55 from Eq. (13). A drop height
ingrease to s=1.2 m combined with a manhole diameter increase
10 Dy=1.6 m leads to h,=0.61 m and 10 Pp'=0.69=1.2-0.55
=0.66 (with 1.2 as safety factor), 50 as to avoid undesired back-
water effects and choking inception. Obviously, a drop height
increase allows to reduce the number of drop manholes. More-
over, for such a manhole, the local head loss coefficient is K
=1.68 from Egs. (5) and (7), while the maximum relative air
demand is B=Q,,/(=2.14 Irom Eq. (15).

Conclusions

Drop manholes constitute a standard hydraulic device of drainage
networks in steep urban calchments, to reduce flow velocities.
This rescarch presents results relative to the circular-shaped drop
manhole under supercritical approach flow conditions using hy-
draulic experimentation and a data analysis. The following main
results were found:
* Encrgy dissipation was studied relative to the variation of the
downstream energy head, resulting in expressions for the en-

crgy loss. Operating conditions {i.c., Regime R2) leading 10

small energy dissipation should be avoided.

* Manhole pool level was investigated and (wo empirical equa-
tions in terms of relative drop height and discharge are pro-
posed.

* A novel parameter to characterize choking inception in the
manhole downstream pipe was introduced, taking into account
the relative drop height and the approach flow conditions.

* Air entrainment mechanisms of manhole jet flow were exam-
ined along with the manhole main aeration conditions. Esti-
mates for the maximum air demand have been proposed.

» Effects of the absence of external air supply are discussed,
puinting at the high risk of poor hydraulic perlormance along
with a breakdown of the supercritical flow structure.

This stady highlights that the optimum hydraulic performance
of a drop manhole is affected by many hydraulic and geometric
parameters. The relations provided are considered useful o im-
prove drop manholes design.
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Notation

The following symbols are used in this paper:

D = pipe or manhole diameter;
D = drop number;

F = Froude number;

g = gravitational acceleration;

H = energy head,

h = flow depth;
| = impact number;

K = local energy loss coefficient;
k = choking safety factor;

n = Manning’s roughness coefficient;
Q = discharge;

Q" = nondimensional discharge;
§ = dimensionless drop height;
s = drop height;

V = How velocity;

y = pipe flow filling ratio;

a = coefficient correlating K and |;
B = air supply cocfficicnt;

m = relative energy loss; and
s = choking parameter.

Subscripts

Air = air;

C = capacity;
ch = choking inception;

d = downstream;
in = inlet;

M = manhole;

o = approach flow;

out = outlet; and
p = pool.
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