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HYDROLOGY IN THE WEEDS

OR... HOW TO CARRY ON FROM, OR WITH, PRIOR EFFORTS
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Table 15-1 Manning's roughness coefficients for sheet
s flow (flow depth generally = 0.1 ft)

INTRODUCTION Soree Seerpren i

Smooth surface (concrete, asphalt, gravel, or

* “In the Weeds” is a way of saying there are challenges to following prior engineering efforts

* For example, consider Manning’s ‘n’  ¢ultivated soils:

Residme cover € 200t saeaas (.06
Residue cover = 20% . iisiisssissssssssssisssssess 017
(Grass:
Short-grass praifie ... ——.— 0.15
Dense grasses & . s (.24
BermuUAdagrass ... (.41
Range (namuiral) . ... 0.13
Woods:
Light mnderbimsh . (.40
Diense underbrish i (.80

1 The Manning's n values are a composite of information compiled
by Engman (1986).

Includes species such as weeping lovegrass, bluegrass, buffalo
#rass, blue grama grass, and native grass mixtures.

When selecting n, consider cover to a height of about 0.1 ft. This
1s the only part of the plant cover that will obstruct sheet How.
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PROCESS

h g HYDROLOGIC CONSIDERATIONS




BACK TO BASICS - HYDROLOGIC PARAMETERS

* Rainfall - What comes down
* Soils - What it lands on
* Land Use - How it infiltrates (Impervious vs. Vegetation or lack thereof)

» Watershed - How much is involved, especially considering an ungauged situation

* Size, Shape, Slope and Situation among perhaps numerous other characteristics



ADDITIONAL CONSIDERATIONS & CONSTRAINTS

Rainfall - What comes down

Soils - What it lands on

Land Use - How it infiltrates (Impervious vs. Vegetation or lack thereof)
Watershed - How much is involved

Observations - What actually happens when it rains (our best understanding)?
Context — How should I think about prior efforts (the Why - intent or scope)?
Relevance - How should I value prior efforts?

Application - What should I do about prior and future efforts?




HYDROLOGIC PARAMETERS & CONSTRAINTS

 Rainfall - What comes down

 Soils - What it lands on

* Land Use - How it infiltrates (Impervious vs. Vegetation or lack thereof)

» Watershed - How much is involved

» Observations - What actually happens when it rains (our best understanding)?
» Context - How should I think about prior efforts (the Why - intent or scope)?

e Relevance - How should I value prior efforts?

e Application - What should I do about prior and future efforts?




ILLUSTRATION

3 i CAP-HAITIEN WATERSHED - LARGELY UNGAUGED




* Watershed prone to flooding - examples: Nov 2012
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Severe flooding hits Haiti,
CONTEXT Republic

Associated Press / 04:03 PM November 07,2014

* Watershed prone to flooding - examples Nov 2012, Nov 2014




CONTEXT

* Watershed prone to flooding - examples: Nov 2016
SEVERE FLOODING DEVASTATES CAP-HAITIEN
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https://espwa.com/flooding-in-cap-haitien/



CONTEXT

Watershed prone to ﬂoodlng examples and Jan 2022
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Cap-Haitien Floods Februar 2022
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PRIOR EFFORTS - SOILS

Complete watershed study, but perhaps “larger scale” in character?

Tableau 3 : Caractéristiques générales des bassins versants

re Surface du Longueur du . . % de
Identifiant . . 6 . Altitude Altitude du Pente
. Nom du bassin bassin chemin . X X surfaces . .
du bassin . du point point bas moyenne Occupation du sol . F Contexte géologique
versant versant hydraulique imperméab
versant haut (m) (m) (m/m)

(km2) (km) ilisées

BV_HDC_OI -----

AU o lolii 7B Riviere du Haut 0.003 Zone verte non Alluvions, matériaux
du Cap, aval aménagée ou a détritiques
dominante agricole

CAURY IS0 Ravine Vertiére 0.230 Urbanisation dense 1891 Andésites et

rhyodacites
BV_ZET_01 Bassin ravine 0.238 Urbanisation dense 33.69 Andésites et
Zettrier rhyodacites

CATRY 3B Bassin riviere 0.022 Zone verte non 5.48 Alluvions, matériaux
Any aménagée ou a détritiques
dominante agricole

e ---------




Tableau 5 : Curve number et capacité d’infiltration des sols des bassins versants
Identifiant Nom du bassin versant Curve number  Capacité d'infiltration des sols (en
du bassin mm)

versant

PRIOR EFFORTS - SOILS _I-I—

BV HDC 02 Riviere du Haut du Cap, aval

DI sessnovneubane - I_
Ravine Vertiere

DN ssnovneubane - l_
Bassin ravine Zettrier

TN  Bassin ravine Belle Hotesse _ I_
Bassin riviere Any

EIREDN 6ossin iviere du Commerce - l—

Tahle 9-5 Runoff curve numbers for urban areas

Occupation du sol Curve Number (CN) selon la classe de —

Soils per Runoff Curve Number (RCN)

Avg. Watershed RCN = 62.8

permeablllte du SOI Coverdescription Average percent -- CN for hydrologic soil group - -

---- cover type and hydrologic condition impervious are " A B C D
Urbanisation dense

_ Fully developed urban areas (vegetation established)
Urbanisaton eu ders -l -l --
7 d' d I 15 98 Open space (lawns, parks, golf courses, cemeteries, ete.) #
one aCtWIte' industrielle ou cloturée Poor condition (grass cover < 508) (i} i) ba: i}
20ne verte non amenagee ou a domlnante agrlcole -I -I -- I":Ei.lf {‘UH(IJ.IJ..(Z!H fgra:\'s cover F'.I'.F!'{'I_[_U TI-)'?‘EI} 49 (4] T

Good condition (grass cover = 75%) 34 61 T
Mangrove, lit mineur, zone estuarienne, lac, zone 100

humide Commercial and business 5] 2 2 0 95

BEB

Urban districts:

Residential districts by average lot size:

covertype cove riIl{rlilIlz.l[El:lLtn:]:::'li hydrologic condition 2 .-".{ e tl;flmlﬂﬁli ‘::UJJ B D 1/8 acre or less (Lown houses) 65 i &5 80 &

4 acre 35 61 5 baxtt 1)

1 mmm /3 acre S0 av T2 &l 86
Fallow Bare Soil - T 86 a1 M 12 arre a5 54 T &0 85
Crop residue cover (CR) Powor T 5 a0 & 1 acre A€ 5l a8 ) 81

Good & 8 8 20 Zacres 12 46 65 7 82



FOLLOW-ON EFFORTS - SOILS

 Review watershed soil considerations - saturation, character

Sila C/éna’,Aub'ergA
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FOLLOW-ON EFFORTS - SOILS

Review and revise RCN values per improved data

Avg. Watershed RCN = 72

2012 2016 2022
AMCII AMC I Il est. AMCIIl est. & I est.
Sum of A*CN  Sum of microArea Comp CN North + SE South Only
] 765 867
T70.8
75.2

in
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0
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PRIOR EFFORTS - RAINFALL

* Complete watershed study, but perhaps “larger scale” in character?

* Results appeared
to be lower than

we expected by Bassin versant
g2 cuation Pluic mE————) Débits et volumes

Hydrogrammes de ¢rue Q100 - Cap Haitien
(SCS Type I11 - ' m 700 — BV _HC_01
1 am —BV_HC 02
Duration vs 1 ‘ ' ' 00 /TN 8V_CHE_01
BV_VER_O1
Depth?) Rimia e "“": 500 B ypis
:'E a0 e F an 15 win dmm) I"/ | E 3 ‘ll "" _3:": BLH_01
Need for Sub-daily|f | s / wf | B e
v -% 3 E 100 | I"a.. —BV _AER_01_zmont
rainfall data we | & — 8V AER_O1_ava
characteristics i s 200 ‘
= 100
o 0
Temps |ha|.;rn5| :




-t —t —
] = (=2}

-y
=

Cumul de pluie en 15 minutes (mm)

o

PRIOR EFFORTS - RAINFALL RECONSTRUCTION

* November 2012 Storm Event - Sub-daily rainfall Duration vs Depth curve development

Pluie de novembre 2012 , reconstituée au Rainfall Inc. per 15-min, Duration vs Depth
pas de temps 15 minutes 500

450

Cumul de pluie (mm)
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PRIOR EFFORTS - RAINFALL RESULTS

November 2012 Storm Event flows compared to Design Storm flows

Tableau 7 : Débits de pointe estimés a I'exutoire des bassins versants

,. . Results appeared to be lower
Débits de pointe (m3/s) i
Superficie du Y T— than we expected by calculation

_ : .
Bassin versant bassin versant 2 ans 5 ans 10 ans m (Type III Duration vs Depth ! )

(km?)

BV Hc 01 Hydrogrammes de la crue de novembre 2012, simulations hydrauliques, avant et aprés projet
o o 550

BV_HC 02 Riviere du Haut
du Cap, aval

350

BV _VER 01 Ravine Vertiéere 17

2
200

Bassin ravine
BV ZET 01
- = Zettrier

100

BV_COMO_1 Bassin riviére du
Commerce

142, 01_amon _-------h

/

00:ZT ZT0Z/11/80
00:ST ZT0Z/11/80
00:8T Z102/11/80
00:12 Z10Z/11/80
00:00 ZT0Z/11/60
00:€0 ZT0Z/11/60
00:90 ZT0Z/11/60
00:60 ZT0Z/T1/60
00:2T ZT0Z/11/60
00:ST ZT0Z/11/60
00:8T 210Z/T1/60
00:1Z ZT0Z/11/60
00:00 ZT0Z/11/0T
00:€0 ZT0Z/1T/0T
00:90 ZT0Z/1T/0T

/

00:60 Z10Z/1T/0T

x

BV_AER_01_aval Riviere Any, aval




FOLLOW-ON EFFORTS - RAINFALL

 Establish sub-daily data based on TRMM (3-hr) and IMERG (30-min) real time satellite data

* Coverage squares
 TRMM (0.25 degrees)
. IMERG (0.1 degrees)

November 2012 sub-daily curves
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FOLLOW-ON EFFORTS - RAINFALL STATISTICS

 Establish “typical” conditions for the watershed (48-hr), include orographic influences

* Bubble Graph for average storm percentage occurrence and rainfall depth per month

Annual rainfall averages for gages within or near the Cap-Haitien watershed

Characterisitc  Cap-Haitien Soufriere Aitz Citadelle Grand Riviere
Distance to Citadelle (km) 11.1 13.1 8.7
15-year avg (mm) 1878 1798 2411 1835
Delta 15-yr to 53-yr (mm) 109 -224 -124 -241
53-year avg (mm) 1498 1987 1574 2287 1593
Ratio to Cap-Haitien (mm/mm) 1 1.326 1.051 1.526 1.063

Monthly Triad (~50-Percent) rainfall averages for gages within or near the Cap-Haitien watershed

Characterisitc  Cap-Haitien Soufriere Aitz Citadelle Grand Riviere
Distance to Citadelle (km) 11.1 13.1 8.7
15-year avg (mm) 182 146 214 148
Delta 15-yr to 53-yr (mm) 15 -14 -6 -17
53-year avg (mm) 185 197 132 208 132
Ratio to Cap-Haitien (mm/mm) 1 1.078 0.721 1.134 0.718

—

Average Depth (mm) per Maximum Annual Rainfall by Month
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Bubble Graph for Maximum Annual Rainfall by Month

NOTE: Bubble size represents pecentage of maximum
annual rainfalls of the rainfall data set (24 or 48-hour)
occurring within that particular month

4 5 6 7 8 9 10 1

Month of Year (numeral)

@ Maximum Annual Rainfall (24-hour) © Maximum Annual Rainfall (48-hour)




FOLLOW-ON EFFORTS - RAINFALL

NOAA Atlas 14, Volume 9, Revision 2, Southeast Region 2; 2nd Quartile Depth-Duration

* Design Storm Duration vs Depth Relationship Distributions

* Potentially similar conditions - Miami



FOLLOW-ON EFFORTS - RAINFALL RESULTS

Nov2012 Event HEC-HMS Point Hydrology Curves
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CLOSURE

5 REMAINING ITEMS, COMMENTS, CONCLUSIONS




REMAINING ITEMS AND COMMENTS

* Peak Rate Factor (PRF) - 300 (flat), 484 (5 percent or so), 600 (Steep)

Areal Considerations (orographic, Thiessen polygons, intra-annual patterns)

Tc’s — Similar to prior efforts

Modeling - Basin assignments

Sub-daily rainfall record would result in better statistics (future study)

Application - Study Goal is proposed flood mitigation solutions ($$$$)




CONCLUSIONS

GIS is an important tool for data manipulation and calculation

Review soils in light of watershed character if soils data limited (adjacent watersheds)

TRMM and IMERG may help with ungauged watersheds

We do the best we can - prior or follow-on
* Understand context of prior efforts

* Respect prior efforts
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QUESTIONS

ENJOY THE REST OF THE CONFERENCE...
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