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EKTOG UANG
> Ol ONUEIWOEIC KATAPTIOTNKAV UE TIC

odnyiec Tou oudTIOU KaBnyntn 271
["lavvOTTOUAO

> HEC-RAS udpauAikn €triAuon

> Moviun, yn yoviun pon
> Free

> http://www.hec.usace.army.mil/software/




Hydrologic Engineering Center

. m US Army Corps of Engineers

A ABOUT NEWSLETTERS SOFTWARE PUBLICATIONS TRAINING VISITORS LINKS CONTACT

The Hydrologic Engineering Center (HEC) has been developing computer software for hydrologic engineering and
planning analysis procedures since its inception in 1954, Although our software is developed to meet the needs of
the U.S. Army Corps of Engineers' planning and engineering communities, we do make our software available to
the public whenever appropriate. The HEC software that we make available for download on our web site may be

CWMS

used by individuals outside of the Corps of Engineers without charge, subject to the Terms and Conditions of Use
HEC-DSS for HEC Software.
HEC-D55Vue In the past, for non-Corps users, HEC had provided a list of possible vendors for assistance or support for HEC
HEG-EFM software. As of 1 October 2008, HEC is no longer providing this list (Vendor List). USACE counsel has determined

that the inclusion of this list could be interpreted as HEC recommending specific vendors over other vendors that
HEC-EFM Plotter are not included in the list. Therefore, by direction of USACE counsel HEC has discontinued this practice and has
removed the list from our web site. Non-Corps individuals that contact our office to inguire about engineering
support will be told to use any internet search engine to locate a vendor that can provide support for the specific
HEC-FIA HEC software.

HEC-FDA

HEC-GeoDozer « Distribution Policy
HEC-GeoEFM » Terms and Conditions of Use for HEC Software

= Support Policy
HEC-GeoHMS

HEC-GeoRAS
HEC-GridUtil
HEC-HMS
HEC-RAS
HEC-ResPRM
HEC-ResSim
HEC-RPT




FENIKA

> To HEC-RAS €ival eva ano Ta JovTeAa Tou
U.S.Army Corps of Engineers

> KataokeuaoTnke ano 1o Hydrologic Engineering
Center (HEC)

> Eival povteANo pepovwpevou udpoAoyikou
YEYOVOTOC

> Mpooopoiwvel udaTtopeupaTa (River Analysis
System — RAS)
« DUOIKA N TEXVNTA
o Mepovwpueva ) ouoTnUaTa




FENIKA

> H KAipaka, n auxvotnta Kail Ol OIKOVOUIKEC
OUVETTEIEC TWV TTANUMUPWYV AVAPEVETAI VO
au&nBouv PJEAAOVTIKA AOYW:

LT Alagaivopevng KAipaTtikng aAAayng

(11 AKaTAAANANG dlaxeipiong TwV TTOTANWY KAl TWV
KOTAOKEUWY O€E TTEPIOXEC TTOU KIVOUVEUOUV ATTO
TTANUMUPEG

(100 2NUAavTIKNG au¢nong Tou apiBuou Twv avepwTTwy Kal

TWV TTEPIOUCIAKWY OTOIXEIWV TTOU BpiokovTal o€ (WVEC
uypnAouU TTANUPUPIKOU KIVOUVOU




FENIKA

> 211 18/10/2007 n EupwTtraikn Emmitpotr) dnuoaoicsuoe

TRV Oonyia 2007/60 yia Tnv acioAoynon kai tn dlaxeipion
TWYV KIVOUVWYV TTANUMUPAG

> 2TOXO0G TNC vEag odnyiag gival va JeElwbouv Kal

VA ATTOTEAEOOUV QVTIKEIMEVO DlAXEIPIONG Ol KivOUVOI TTOU
OUVETTAyovTal Ol TTANUMUPEG VIO TNV avOpwTTivn UYEia, TO
TTEPIBAAAOV, TIC UTTOOOUEC KAl TIC IOIOKTNCIEC

> H mrpoTeivouevn odnyia Kal Ta JETPA TToU AappBavovTtal
yla TNV EQAPUOYN TNG GUVOEOVTAI OTEVA UE TNV EQAPHOYN
TNS Odnyiac MNAaioio yia 1o Nepo 2000/60




YOpauAIKoi YTTOAOYIOUOI

Avartrtuén 2evapiwv MNMAnuuUpac:
T=25, T=50, T=100 €mn

[MAnuuuUpoypa@nua 2xedlaouou
A16deuon MNMANUUUPAG HECW TAMIEUTNPO
Mn poviun d16deuon MNMANUPUPAG HECW TUAMATOG TTOTAMOU

Xaptng €ktaong mTepIBAAAoucag TTANUPUpac o€ TTepIBAAAov T1X




Mn péviun 816dcuon MNMAnuuupac (HEC-RAS)
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> H odnyia atraitei TNV
KATAPTION XOPTWV
TTANUMUPIKOU KIVOUVOU

> H xaptoypdaenan
KATAKAUONC TTANUMUPAC
ETTITUYXAVETAI JE TN XPNON
LOVTEAWYV TTPOOONOIWONC,
oTtwe 10 HEC-RAS.




TO MONTEAO

> To ouOoTNUA TOU JOVTEAOU ATTOTEAEITAI ATTO:
Q ['pagikn ETIPAVEIQ EPYATIAC

a Tunua avaAuong

Q TpAua ammobrkeuonc dEOOUEVWV

Q 'pagikEC duvaTOTNTEC
QO EkBeoeic atroreAeopartwy

> To ouaTnua TTapEXEl TIC TTAPAKATW OUVATOTNTEG JOVO-
dl1a0TATNG AVAAUCONC:

A YTroAoyIouoG o1dOung vEPOU POVIUNG PONG
a lNpocopoiwon un MOVIUNG PoNG

Q YTTOAOYIOUOC METAPOPAC PEPTWV UAIKWV

a AvaAuon troiéTnTac vepou




TO MONTEAO

> YTTOAOVIOUOC oTAOUNC veEPOU HOVIUNG PONC

YT1roAoyilel TO TTPO@IA TNG ETTIPAVEIAG TOU VEPOU YIA JOVIUN pon i
BaBuiaia yetaBaiAopevn

AuvatoTnTa TTPOCONOIWONG UTTOKPICIUNG-UTTEPKPIOIWNG 1 MEIKTAC
pong
H Baoikry pebodoAoyia Baciletal oTnv £TTiAUCN TNG JOVOdIACTAONG

£CiOWONC TNG EVEPYEIQC

Evowpuartwon TngG ETMPPONG KATAOKEUWY OTN POI), TT.X. YEQUPEC,
aAywyoi

[lpocopoiwaon Yn Joviyng pong

YT1roAoyiel To TTPO@iA TNG ETTIPAVEIAC TOU VEPOU YIA METABAAAOMEVN
pon (eicodo¢ udpoypPaPrUATOG)




TO MONTEAO

YTTOAOYIOUOC YETAPOPAC PEPTWYV UAIKWYV

[Mpocopoiwon yovodIAoTATNG METAPOPAC PEPTWV

AIGBpwaon ) evattobeon GePTWV O€ KAVAAI TTOU TTPOKAAEITAI €ITE ATTO
TN METAPOAN TNG PONG €iTE ATTO NETAPBOAEC OTN YEWMETPIO TOU
KavaAiou

AvAAuon 1To10TNTAC VEPOU

[Mpocopoiwon BepuoKpaaTiag

Evowudarwon XNUIKWY TTAPAUETPWY OTTWGS OIGAUNEVO OCUYOVO,
OPYAVIKO Qwo®opo, VITPIKA, BOD KTA.)




FENIKA

> [payuaTonoliei UNoAOYIGHOUC PONG
puovodIaoTaTne avaAuonc

> Xe poviun pon (steady flow)
E€iowon evepyeiag :

# 2€ un pgoviun pon (unsteady flow)

04,

= E€iowon ouvexeiacg : o

= Apxr| d1aTPNONG OPHNG :




FENIKA

> MovodiaoTaTn avaAuon :

« ovopaderal n anAonoinTIiKn avaAucn nou
XPNOILOMOIEITAI O NEPINTWAEIC ONOU N KATA HUNKOC
OUVIOTWOA TNG TaxXUTNTAC €ival NOAU onUAvTIKOTEPN
TwV AAwWV dUO cuviIoTwowV (N TaXuTnTa £XEl 3
OUVIOTWOEC U, V, W)

ONwc¢ n.X. pon o€ eubUypapoUC OWANVEC aTaBepnC
dIaTOUNG, N 0€ EUBUYPANHOUC aywyouc ME EAEUBEPN

enipavela kai otabepn diatopn.




FENIKA

« Enippon Tn¢ BaputnTac

Aiveral ano Tov Aoyo Twv duvapewv adpavelac npogc Tne
duvapeic BapuTnTac o onoioc ovopaleTal apiBuoc Froude kal
loouTal :

onou V : peon TaxutnTa (m/s)
g : emiTaxuvon Tne BapuTtntag (m/s?)

L : xapakTnpIioTIKO PNAKog (M), To onoio yia
avolkToUG aywyoug €ival ioo he To udpauAiko Badoc D (m)

D=y (Babog ponc) yia opBoywvikouc aywyouc Kal YeVIKA (A: Em@aveia, B = nAartog
eAeUBEPAC emipaveiac)




FENIKA

» Eav F = 1 10T n pon Aeyeral kpioiun & V = (gD)1/2

> Eav F < 1 10TE N por'| Aeyetal unokpioiyn & V < (gD)1/2

e 2TNV KATAOTAOT CIUTI’] 0 POAOC TWV SUVAHEWV TNG BapuTnTag
€ival Mo EVTOVOG YI'AUTO N Por| EXEl HIKPN TaxuTnTa Kal
NeEPIYpAPETAl OUVNOBWC wC oTabepn, noTayia pon.

> Eav F > 1 TOTE N por| )\EYETCII unsprlolun &V > (gD)l/2

o 4||||v I\UIUUIUUI] uun| 0] uupuvclumcg quupclL, cllmpuwuv Kai 1
pON EXEI HEYAAN TAXUTNTA Kal NEPIYPAPETAlI CUVHBWG WG
paydaia, Xeipappwong pon.

> H perapaon piag porg ano UnepKPIoIUn KaTaoTaon o€
unokpioiun ovouadetal udPauliko aAua




EIOIKN EVEPYEIA KAl KPICIHO
BaBog¢

H 101k evepyela €ival To UWPOC EVEPYEIAC OE Hia dIAaTOUN EKTOC

> H =Y+

l

» [a dedopevn napoxn
OTav n pon €ival Kpioiun n
€10IKN EVEPYEIA Eival ! i
eNayI0TN e Pr— e
*Ynapyxouv 0Uo ouluysic
Beoeic yia TV idia €1dIkn
EVEPYEIQ

Ex. 3.5: To Sudvpappa tng eibikig EVEPYENIL.




> Eciowon Manning (xpnoluoTrolgital
KUPIWC VIO avOoIKTOUC aywyoucg) :

Q = mapoxn (m"3/s) R= udpauAikni aktiva= A/P
A = gmmipavela pong Kabern arn raxurnra (m/s)
Sf= kAion ypauung evepyeiag
Vi ouoIouop@n pon = KAion mubuéva
n = Manning ouvTeAETTNC TPAXUTNTAS, EVOWUATWVEI KAl TOTTIKEC
ATTWAEIEC

5/29/2017 TR-55 Tutorial




MeTaBANTA n-0lauEpion
OIATOUNG

‘EK@paon TnS TpaxuUTNTAC TOU OTEPEOU

Ala@Epel aTnv idla KoiTn, KUpIa
Mérahho helo 0.011-0.015 ’ o
Mzmhhc\. auhaktd 0.023-0.025 KOITn, -ITA- KOITn

Sdho, ROTEpYOTHEVD 0.010-0.015

Siho, akoépyaaio 0.011-0.015 Mﬂopsl’ VG 6|G(Pép€| KGI ”8 TO Bdeog
Topévio heio 0.010-0.013 pOI"]g

0.014-0.016

0.017-0.030 Hec-ras: MéBodog

0= 0.020

Ic00duvAuoU N
BewpwvTag eviaia
TaXUTNTA, UTTOEKTIUNON
NG TTApOXNG
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YPOUMIKES OTTWAEIEC
EVEPYEIQG
TOTTIKEG ATTWAEIEG
EVEPYEIQAG

_ Vi a
h, = IS, + (22—
|

Where: L = discharge weighted reach length

= representative friction slope between two sections

= expansion or contraction loss coefficient







() h + Lrﬂb Q

ch<rc ‘rob

L, Qﬂb + L
Qfab + ka + Q‘ob




2 UVTEAEOTNC 010pBWONC
KIVNTIKNG EVEPYEIOC

> Me Baon Tnv TTapoxn KABE THAMATOC
TTPOo0dIoPiI(w TO OTABUIONEVO HECO OPO




Average Conveyance Eguation

2
5= O, +Q;W
K]+K2

s

Average Friction Slope Equation

5, _2n*ton
4 7

Geometric Mean Friction Slope Equation

S;=\{Sa%5,

Harmonic Mean Friction Slope Equation

3 _2SpxSp)

Sﬂ+3ﬂ (2-16)
Equation 2-13 is the “default” equation used by the program; that is, it is used automatically
unless a different equation is selected by the user. The program also contains an option to
select equations, depending on flow regime and profile type (e.g., 51, M1, etc.). Further
discussion of the alternative methods for evaluating friction loss is contained in Chapter 4,
“Overview of Optional Capabilities.”




MeTaoAEC ponC
> ATTO €€icwan
EVEPYEIQC:

dy 9y—9,

dx 11— Fr?

> A€IXVEl TNV
QVTATTOKPION TNG
PONC O€ EYTTO0IA N
aAAayn TNG KAioNGg
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Awzpsuviion TS esicmons (3-6)

Mepinrooy | dzfdy | Fr | Tomoc pone | dy/de | yix)
(1) ={) <] | vmoxpioun <0
(11) =l >1 | vaeprpiowu =
(111} <l <] | vmoxpioiun >
(1v}) <l >1 | vaeprpiowu <
(¥) ={ =] KLY =t ¥




Ilepintoon 1.
Pon vrokpicyun (Fr <1) kot dz/dx >0.

Ao mv elicmon (3.6) mpokvmTel OT1
dyrdx < 0.

Ilepintoon 2.
Pon vroxpicyn (Fr <1) kot dz/dx < 0.

Amo v e€icmon (3.6) TpokvmTel 0Tt
dy/dx > 0.

IlepinTtomon 3.

Pon vrepxpioum (Fr =>1) kot dz/dx < 0.
ZX’? uara arro NamravikoAdo U, Ano v e€lomaon (3.6) mpokvaTel 0Tt
Avoiktoi Aywyoi

dv/dx < 0.

IIepintomon 4.
Pon vepkpiouym (Fr >1) kot dz/dx >0.

Ano mv e€icmon (3.6) mpokvmTel 0Tt
dy/dx = 0.




KAPTTUAEC
> ETTIAOyYN ypaupunNg avaAoya Pe TNV KAion

> ETTIAoyr) oTANC avaloya pe 10 BAB0C
PONG O0TO €€eTalOPEVO TTPORANUA

> [eVIKA yIa BA6n PETACU KAVOVIKOU KOl
KPIOIJOU €XW KAMTTUAN KATATITWONG (2
OTNAN) EVW O& OAEC TIC AAAEC TTEPITITWOEIC
EXW avuywaon




Extracted from: OPEN CHANNEL HYDRAULICS. CHOW
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; F16. 9-2. Classification of flow profiles of gradually varied flow.




Yol :

> To BdaBog pong > ETTTuyxavertail yia

TTAPAPEVEI OTABEPO UEYAAQ UAKN KOl
(Kavoviko aB0og)

> OT1roTE KAl N TaxutnTa

QVEUTTOOIOTN pPOoN
> TO KavVOVIKO BA60oc¢
> Eciowon Manning ue Vlaeﬁséopevn p(,)n

TNV KAION eVEPYEIAG N8 Opfcam' ke

va €ival ion Pe TN mv K)\K,Tn TOU

KAion Tou TTuBuEva aywyou

oTnNV TEPIOXN S, =S;

TTAPAPEVEI OTABEPN




MeTaBoAn TNG ypappng EVEPYEIOC

U """'ll‘ JC U AVOIT W U S

aywyouc

Opoiopopen pon:

[Tapaywyion 0pwyv evEPYEIAS KaTa Tn OIEUBuvon TNG PONG, X

Opoiduopn pory — KAion ypapung evépyelag = KAion TTuBuéEva =
KAion eAeUBepPNC eTTIPAVEIAC







Tyvpe of Channel and Description Normal

. Natural Streams

. Main Channels
Clean, straight, full, no rifts or deep pools
Same as above, but more stones and weeds
Clean, winding, some pools and shoals
Same as above, but some weeds and stones
Same as above. lower stages. more ineffective slopes and

Same as "d" but more stones

Sluggish reaches, weedy. deep poals
Very weedy reaches, deep pools, or floodways with heavy

[

. Flood Plains

Pasture no brush

Short grass

High grass

Cultivated areas

No crop

Mature row crops

Mature field crops

Brush

Scattered brush, heavy weeds

Light brush and trees, in winter

Light brush and trees, in sunumer
Medium to dense brush, i winfer
Medium to dense brush, in summer
Trees

Cleared land with tree stumps, no sprouts
Same as above, but heavy sprouts

. Heavy stand of timber, few down trees, little undergrowth,
ow below branches

Same as above. but with flow info branches
Dense willows, sunumer, straight

a
1.
2.
b.
1.
2
3.
[
1.
2
3.
4.
5.
d.
1.
2.
3

il
4.
5.

3. Mountain Streams, no vegetation in channel, banks usually
steep, with trees and brush on banks submerged

a Bottom: gravels, cobbles, and few boulders

b. Bottom: cobbles with large boulders




IMiv. 3.2: JuvreAsoréc Manning n yia Sidpopa vAIKA

Métanno Aeio 0.911-0.015
Métanno, avNakmTd 0.023-0.025
=000, KATEPYAOUEVO 0.010-0.015
Z0N0, arATépyacto 0.011-0.015
Towpévio neio 0.010-0.013
2. KUpOGOEUa 0.014-0.016
Toipevioxdniko ~0.017-0.030
['pacibi 0>0.020




Iivaxag TIRGV 1

TTEQLYPOLPT] EMUQOVELDS _ Mebio pETGPOANS 1 |

A} EnevBEBUNEVOL ay@yol EVBDYPEUANG

Anuntpi
ou, 1995

x@pakng

Trupdbepa: a) Me eninedoug TOmOoUG = XwPig
BT T
Bl Asigvon pE petariaxd puatpl,
v} Asiovon pe Sokwvo tpipibi
&) Me eninedo emiypiope. *
£) Me oviaxkwtd exixpuopie. ©

0.013-0,007

0,01M1-0,015
0,013-0,015
0,016-0,019
0.018-0,022

TTuBpévac and oxupdSEpna Kol RAEUPEG Go:
a) Aswropévn REtpa pe woviopa.
B) Axatépractn nétpo HE Koviopmo
v} TowgonorTa HE TOLUEVTOKOVIELOL
&) Emuypropévn tougonmlo.
£) Egpoiabud

0,015-0,017
0,017-0,020
0,020-0,025
0,016-0,020
0,020-0,030

IMTAaxes.

Totfho

S

0,016-0,018

0,014-0,017

Yrdvopor (oxupdSEpa, GpylAog, EQUALMWSGT]).

0,012-0,015

= —

AcgpoiTog o) AELL
B) Tpoayxsio.

0,013
0,016

Bpayog: a) Acsios,
B) Awdpohoc.

0,017-0,020

- 0,022-0,027

Epyootnmoxt abtlawe (muEpévag petallikog
won Aevpés mAsEykAdc 1 yudlives).

0,090,010




IMivakag TIpGY 1 (ouvéxeua)

Tepiypag) EMupavens Medio petafolfe n
B) AvemévButol - Mn Swuafpovipevor
ayoyol

"Efaipog opald kol oo idpoppo:
a) Kafapd ko mplcqaing EXTKRETic. 0.016-0.020
By Kafopd w@l noiolds EXKOKOpTS. 0,018-0,025
¥ Me opoudpoppo podikum 0,022-0,030
&) Me yopunid ghdn - Liya aypdgopTo. 0,022-0,033

Avwyol pe ayprdyopta Kol dronousg Bauvous:
o) TTowvol Gdpvor dyous Goo K 1 poT. 0,05-0,12

B) KaBapdc mulptvag pe Bapvous ota
mAEUpL. 0,04-0,08

7)1 Mokvoi Bapvol 1 uSpogapn guitd of
Pabeic aywyois. 0,03-0,035

&) XLom - apowd Sdpvou 0,025-0,033

Bpayog 0,025-0,045

=

) ®dvoikoi ayoyol

Acsion guowoi - efoagikol aywyol, yopig
avamTTuE T QUTMY Kol KaUmiAES.

S

ESoagucol aymyol - kxoluvppévol HE pikpd guTd.

Opelvi pedpata pe kelopd - yolapd Botoale,
phakes petafinthic  Swtoptds upe  apan
prdaonon ong Gxbec. 0,04-0,05

Motapoi svddypopuns pofs, HE pikpd SEvBpa
roorn Bdpsons. 0 06-0,075

Motapoi awvopoing mopsiog wor SuoTopdy,
kohoppdvol pe puTd, 1 kopuobs, 1 Bapvous, ) 0125




MeTaBANTO N

Kupla KoITn Kol TTANUMMUPIKN KOITN

e e aa—— S e _——— e e 0 s 0 O Eamm —— v — ] —

. 4%( u\yn;\n E't:nﬁ}m ,ﬂ\

Nz

pEen E:n?a'pn

[_ nzPEnnu 45.00 my —|
XpuoavBou, 2014



Mivaxag 3.8: KokkopeTpikl] avaiuon deuTepou deivpartog (TETapTtn perpnon)

AHMOKPITEIO MANEMNIZTHMIO GPAKHZ
NOAYTEXNIKH ZXOAH ZANBHZ

TMHMA NOATIKQN MHXANIKQN

TOMEAZ YAPAYAIKQN EPTQN

EPTATTHPIO YAPOAOTTAS KAT YAPAYATKON EPTON q) UOIK d U 6 aT / TO

KOKKOMETPIKH ANAAYZH ME KOZIKINA

Meprypamr) edapouc: aTré
Koim NégTou KO KKO “ £T p I’a

Epyacia:

AINAQMATIKH EPFAZIA

ApiIBude dokipiou: 4B

OvopaTenmvupo: Hpgpopnvia:
AEIBAAITHZ A. - KANOIAHZ HA. 29/9/2005

Bapoc doxeiou:
119 ZuvolKS Bapog £dagoug: 1331.06 g

Bapocg doyeiou kal deiyparoc:
1342.06 g

o | o | M | mopoc | Secc | b ool 20000t | noocers
Xou ROV, [ edagoug| £dagous | nooooTd | NoosooTo ArdTE o

[mm] [g] [g] [g] [%6] [%] [%]

1 5 4 11,23 0,84 0,84 99,16
2 - 3 22,21 1,67 2,51 97,49
3 - 15 70,51 5,30 7,81 92,19
4 35 0,5 1037,89 77,97 85,78 14,22
5 60 0,25 171,07 12,85 98,64 1,36
6 120 0,125 18,06 1,36 99,99 0,01
7 0,09 0,01 100,00 0,00

Ixnpa 3.4: KOKKOPETPIK kapnUAn npwTou kai SeUTepou deiydatog — péon
KOKKOHETPIKI KaunUAn (TEtaptn pérpnan)

KoxkopeTpikr kapnuin

NocoaTd AentoTepe [%]

MiniwpaTien Epyacia
YIIQACYIOLION Kai IETOIIOEIC OTEDSONGOONC ToU moTauou NeoTou
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Ixnua 3.4: KOKKOUETPIK KapnUAn npomTou kal JeUTEpoU BElyUaToc — pEoNn

KOKKOMETPIKI KaunuAn (TEraptn pETPNON)

KoxkopeTpIKn Kapnuin

MNogooTd AenToTEPO [Y%]

MéyeBoc fpdyou kookivou [mm] 10




proposed. The first is from Strickler (1923):

= 00305 B Duoika udar/ta

where d-;, is the median sediment size in meters. A still more complex formu- G-ITO
lation for Manning's n was proposed by Limerinos (1970): ,
00026 R KOKKOMJETPIA

1.16+ E.Ulﬂgm[i}
s

=

(7.3)

J L] t =L = [ = | =L L L . A L) L] B4 d -
units of feet. Finally, the most complex equation we present was offered by

Brownlie (1983):

R 01374
n= D_D34[1_694D(£] s“"-””ﬁmm]- dz (7.6)

where R and d.; are in units of meters, § is the slope, and g is

(7.7)

Note that the definition of @ in equation 7.7 differs from earlier in equation 7.3.
Fquation 7.3 assumes the sediment is log-normally distributed while equation 7.7
makes no such assumption and simply defines @ for purposes of use in equation 7.6.
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