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Critical Path

e It is the path thru a network with the longest total
duration.
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Outline

Part 1. History & Simple Example

Part 2. Arrow Diagram Method (ADM): Critical Path by
Manual Approach:
« Activity-On-Arrow (AOA)
* Terminology
» Small Network

Part 3. Precedence Diagram Method (PDM): Ciritical
Path by Computer Program:
» Activity-On-Node (AON)
 H&H Project Network
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Outline

Part 1. Introduction:
» History
e Simple Example

Part 2: Arrow Diagram Method (ADM): Critical Path by Manual
Approach:

« Activity-On-Arrow (AOA)
* Terminology
 H&H Project

Part 3: Precedence Diagram Method (PDM): Critical Path by
Computer Program:

» Activity-On-Node (AON)
 H&H Project
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History

Program Evaluation and Review Technique (PERT)

» Program developed in 1950’s to schedule the Polaris Missile project for the United
States Navy.

« Over 3,000 contractors and agencies working on the Polaris project.

Critical Path Method (CPM)

» Referred to as: Arrow Diagram Method (ADM)
» Activities are on arrows!

» Developed in 1950’s by Du Pont to manage projects consisting of new construction
and overhauling of its Chemical facilities. The implementation of CPM reduced the
average time for shutdown from 125 hours to 93, then finally to 74 hours.

Precedence Diagram Method (PDM)

e 1980’s. Computer programs.

« Activities are on nodes, arrow connect the nodes!

» Durations — three types.

Today

» Aschedule is usually a part of the contract documents for construction projects and
considered legally binding.
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Start
Cake
Milestone

—_—

Measure
Ingredients

hiz
Ingredients

Bake a cake

Four into

Pan

Y

Bake in Oven

-
|

Thaw
Frosting

Y

Frost
Cake

Y

Y

5 min

5 min

.
-

1 min

* Question: How long does it take?

» Organize the activities in a logical sequence for 1 person:

©COoONOUTR~WDNE

Measure ingredients

Mix ingredients
Pour into pan
Bake in oven
Thaw Frosting
Frost Cake

—

_

Calculate project duration.

What is the critical path?

30 min

— SERIES

5 min

What activity could be done out of order or started earlier?

4 min

Cake
Finished
Milestone
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Start
Cake
Milestone

Bake a cake — Cont’d

Thaw
Frosting

5 min

Measure i .
Ingredients Ingredients Four inta Bake in Oven
Pan
—_— — — —_— =
5 min 5 min 1 min 20 min

« Improvement of logical sequence for 1 person:

©oNOOOOkr~®DNE

Measure ingredients
Mix ingredients
Pour into pan

Bake in oven

Thaw Frosting: The head meets the tail of “Frost Cake”.

Frost Cake

Two paths now! Calculate duration of each path. Which one is longer?

Critical Path?
Float?

Thaw Frost
Tostjg 5 Cake
-
/ g m 4 min

Cake
Finished
Milestone
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Start
Cake
Milestone

hMeasure
Ingredients

——

5 min

Bake a cake — Cont'd

Thaw
Frosting

60 min

hdiz ; A
Ingredients Pour inta Bake in Oven Frosh
Pan
- E -

—" L -
5 min 1 min 30 min /5 min

\

Frost
Cake

—

4 min

* Improvement of logical sequence for 1 person:
1. Increase duration for “Thaw Frosting”.
2. Now, which path is longer?

3. Critical Path?

4. Float?

Cake
Finished
Milestone
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Example Summary

Your network should be drawn based on the resources you expect to
have to complete the activities. If only you are doing something, then all
of the tasks will be pretty much in series.

Most activities require action, but some only waiting, e.g.,:

e “thaw frosting”

* “bake oven”

» These are analogous to “cure concrete 7-days” in the construction industry.

The “bake oven” activity occurs in logical order, but will not need your
time for 30 min, you cah do other things while waiting. However, you will
need an oven for 30 min. Both the oven and you are resources that
need to be managed.

If you have more than one person or crew you can break activities out

into P_arallel paths. For example the “thaw frosting” could be “make

Irr]os |r%g frlc()m scratch” and this would be a path for another person in
e network.
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Why use CPM?

1.

~N o O

Compute a project’s total duration — critical path — and identifies
critical activities.

2. Provides a visual presentation of logical connections.
3.

A tool for communicating the workflow to all project stakeholders:
a) Project owner;

b) Financier(s) (draw schedule);

c) General Contractor Team (Internal/external);

d) Subcontractors/Vendors (used to schedule subs and deliver materials);

e) Road closings. Utility connections/turning off.

f) State and Municipal Agencies providing regulatory oversight/inspections;
Potential to reveal insights into details that otherwise might not of

been noted until too late (e.g., special ordering of a certain
item/service may require ordering in advance months or years).

A tool for progress recording and reporting.
A tool for shortening the project’'s completion time.

. Can make workflow more efficient, saving time and money!
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Outline

Part 2. Arrow Diagram Method (ADM): Critical Path
by Manual Approach:

 Activity-On-Arrow (AOA)
e Terminology
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Management (Project Management with
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Network Diagrams

* Two Types:
1. Arrow Diagram Method  _ - .
(AD M)Z Start Achivily . Finish

a) Activity-On-Arrow (AOA)

I. Better for Iearnintq
manual computations
because it is easier to
visualize

A » B —, ¢
2. Precedence Diagram
Method (PDM): BEGIN [~ p I E END |
a) Activity-On-Node (AON) LA
I.  Computer programs \ F N G

y
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Network Logic: Arrow Diagram
Method (ADM)

* Determine Predecessors/Successors:
1. What activities must precede this one?
2. What activities can be concurrent with this one?
3. What activities must follow this one?

"Thaw Frosting"

Duration
"Frost Cake"

N
7

Duration

"Bake Cake"

Duration
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Network Logic: Arrow Diagram
Method (ADM)

[f activities A, B & C occur in series, their network representation 1s:

IIIII. - H‘ h" ...___-._-L:_.h.

It B & C follow A:

Citation: O’Brien and Plotnick. CPM in Construction Management, 5t Edition. 1999.

16

lllinois State Water Survey | X ILLINOIS



Network Logic: Arrow Diagram Method (ADM)

If activity C follows B and activity D follows A, you might expect:

B AN C

However, no relation was expressed between C and A or B and D. Therefore, the correct
relation is:

A D
B C 0’Brien and Plotnick. CPM in Construction Management, 5% Edition. 1999.

17
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Network Logic: Arrow Diagram
Method (ADM)

LOGICAL CONNECTIONS

Logical Restraints

If we have the case where activity A and B precede C, but only B precedes D, we might
expect something similar to the following:

A C

T [
L L

B D
_— —P

In order to make both A and B precede C, but allow only B to precede D, we need to add
a logical connection from B to C. An activity (which is represented by a selid arrow)
cannot be broken up or split. This is solved by use of a logical connection which allows
the logical flow of work to occur, but does no work itself. A dashed-line arrow is used to
represent this logical connection. In this case (as shown below) it is used as a logical
restraint:

Logical y
restreind h\: ;

— EE—
B D 18

O’Brien and Plotnick. CPM in Construction Management, 5t Edition. 1999.
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Network Logic: Arrow Diagram
Method (ADM)

Now add terminal activity E, which follows A, but is independent of C, is not correct by:

Logical
resiraint \\ ) /
"':

C D

The above network is not correct, because Activity I is suppose to be independent ol C,
but rather is shown dependent on C. To make activity E independent of C, we add in a
logic splitter or spreader:

N R

\ C D
"_;

Logic cannot back up from B against the arrowhead, which functions as a check valve.

O’Brien and Plotnick. CPM in Construction Management, 5t Edition. 1999.

19
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Network Logic: Arrow Diagram
Method (ADM)

Logical Loop

If activities A, B, C and D are in series and activity E following C precedes B, we then
have:

Ay B o, € 5, D o

e ]

The segment B, C and E is a logical loop. Since a loop 1s illogieal, it has no place in a
logical network. It is common to inadvertently insert loops in large networks.

Check for loops: you have a loop when the project duration is greater
than the total duration of all the project activities added together.

O’Brien and Plotnick. CPM in Construction Management, 5t Edition. 1999.

20
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Events:

Activity on Arrow

An Event is the intersection of two or
more activity arrows (e.g., node ).

Identification of an Event by number:
e | =starting event
* j=-ending event

Zero time duration.

All activities leading into an event
must be completed before any of the
activities leading out of the event can
be started.

Each Activity is bounded by an event

Random numbering is allowed by

programs

Following the rules for event

numbering helps us do the following:

J > 1 makes it easier to locate events
in the diagram.

Identification of logical loops.

il

Activity i1-j "Thaw Frosting"

Duration

Activity i2-j "Bake Cake"

Duration

"Frost Cake"

Duration >O
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Activity on

Arrow
Incorrect: Activity list by common activity

Install Dishwasher Activity List
\‘ i-j Description
. 1-4 Dishwasher

Even tS . Install Oven 1-4 Oven

.. 1 _
 Rule 1. The i-j v bt
number for each Install Gutters

activity should be
unique; however it IS correct: Activity list by Unique Numbers

common for mUItlple Install Dishwasher Activity List
activities to span N ii  Description
N\ 1-2 Diswasher

between two events. 13 Gutters

1-4 Oven

2-4 Restraint
3-4 Restraint

Install Oven

8

Install Gutters
22
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Activity on

Incorrect: Activity list by common activity

A rr O W Install Dishwasher Activity List
\‘ i-j Description
) 1-4 Dishwasher
Events: Install Oven 1-4 oven
. 1 )
e Rule 2: While 14 Gutters
assigning event Install Gutters

numbers, the number
at the head (j-end) of correct: Activity list by Unique Numbers

the arrow should be Install Dishwasher Activity List
greater than at the TN ii  Description
\ 1-2 Diswasher

tail (i-end). So, | > I.

1-3 Gutters
1-4 Oven

2-4 Restraint
3-4 Restraint

Install Oven

8

Install Gutters
23
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Activity on Arrow

Milestones:

Key events that represent important intermediate goals within the network.

Milestone Example = “Cake Finished”.

Activity i1-j "Thaw Frosting"
il

Duration

"Frost Cake"

N

Duration

Activity i2-) "Bake Cake"
Duration

e

)

Cake
Finished

|
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Activity on Arrow

Horizontal Method for Event Numbering

H—>(3 {8 ———

Rules for dj_;- (@) B->0—>43—a8

assigning Event T
numbers to a > B 5
network:

Vertical Method for Event Numbering

e Horizontal Method T_}.;} E——) @ V.
 Vertical Event L
Method %’ %Q 49

i_-_h@;_,@ {ﬂ? >

25

O’Brien and Plotnick. CPM in Construction Management, 5t Edition. 1999.
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Event Time Computations

* Preparation of the Arrow Diagram doesn’t portray the
aspect of time.

 Use of PDM b)é computer programs allows for a bar or
Gantt chart to be created portraying the aspect of time.

e Consistent Time Units:

e Days are tyﬁically used, but any unitis ok as long as it is
consistentthroughout the project.

e Short-term projects:
 Shifts or half-shifts
« Estimating Activity Time Duration:

e Per individual (man-hours).
* Per normal crew size (e.g., 5-man crew)
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Start
Cake
Milestone

Measure
Ingredients

—_—

5 min

Frosting
5 min T
o
Mt . Thaw ™, Frost
Ingredients Pour inta Bake in Oven oSt
Pan 4 Cake
- - - -

5 min 1 min 30 min /5 rr\ 4 min

Cake
Finished
Milestone

27
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Event Time Computations — Cont’d

Early Event Times, T¢:

1. The early event time is the latest of the
p03§|b|h les at a convergence of arrows (head
end).

2. The early Start (ES) of the first activity is
defined as zero.

3.  The early finish (EF) of any activity is the ES +
duration (D).

4.  The ES of any other activity is the latest of the
EF’s of all predecessors to'that activity. T is
always the larger value when there is a choice
between two or more values.

5. Forward Pass: Place early event times in
square boxes. Add the Duration to the ES for
each activity. The ES in the Forward Pass in the
top Figure went from O days to a final project
duration of 10 days.

6.  When you come to a junction (event) of two or
more activity arrow heads, the larger value of ES
is always chosen. Write down both values and
cross out the earlier value. Continue this until the
end. The resulting number of days (project
duration) is the shortest time in which this work
can be completed %c_rltlca_l path). In other words,
the shortest project time is the result of the
longest path, which is the critical path.

s (O

ES

0

®

F O

EF 110/ =ES+Dur =0+10

Activity

> Project
Ends

EF = ES + Dur at an Event. Select

the largest calculated EF.

10

Thaw Frosting LE
5 41 ’5/
EF i
Frost Cake Cake
j AN b
/ |Finished
Bake Cake
30

O’Brien and Plotnick. CPM in Construction Management, 5t Edition. 1999.
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Event Time Computations — Cont’d

Late Event Times:

1s (0) =LF-D=10-10
1. The late event TL is the earliest of the possibilities at a convergence of arrows
(tail end). The late event time is the latest time at which an event can be 0

LF (10) =¢r
reached without delaying the computed project duration. ES

EF 110
2. The late finish (LF) of the last activity is defined as equal to the EF. O Activity \O Project
| / J

3. The late start (LS) of any activity is the LF —D. 10 Ends
4, The LF of any other activity is the earliest of the LS’s of all successors to that

activity.
5. Define: the latest time at which an event may be reached without delaying the

computed project time.
6. T, is determined by calculating backwards through the network.
7. TLIis defined as the smaller value when there is a choice between two or more

values.

O’Brien and Plotnick. CPM in Construction Management, 5t Edition. 1999.

8. Backward Pass. Place late event times in circles. On the forward pass we

found that the pro*ect duration was 10 days (EF?. (1rst Figure): For the
backward pass, start by making the LF ="EF of the finishing event (i.e., last
event of the network). To calculate LS, work backwards from the finish by
subtracting the duration from the LF. Q.Z”d Flgurezz Continue this backwards
along each path until you reach a junction where two or more arrow tails_
converge, such as thée four arrows A, B, C, & D. At the junction event, write down
all of the LS values calculated for each path. TL is always the earlier value
whenever there is a convergence of 2 or more arrow tails. Cross out the later
values. Highlight or double-hatch the critical path. When working the backwards
ass and you come to junction event where two or more arrow tails converge, if
P goes thru this event, then the earlier value will be due to the CP.

29
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Event Time Computations — Cont’d

Thane
Frasting

& min

Measure EF i

es [0] @LF @

>f“--.../

Dummy/Restraint

Ingredients Irgredients Paur into Bake in Oven f i
Star u E u Pan 11 Cake
Cake —_— —_— . — - —_—
Ml stone 1 1
& min & min 1 min 30 mim 4 min

1) Main Path: Float = 0 for all activities; therefore they are on the CP.

2)Frosting Path: Float=LF-EF= 41-5= 36 min. If Float > zero, non-critical path.

Late Event Times:

1. The late finish (LF) of the last activity is defined as equal to the EF.
2. The late start (LS) of any activity is the LF — D.

o

435

Cake
Finished
Milestone

30
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Event Time Computations — Cont’d

LF - EF

10

: LS =LF-D=10-10
Float Times:
L ES LO EF
» The total float (TF) of any activity is equal to the Activity
LS — ES, which is also equal to the LF — EF. @ m

()
7\ !

Project
Ends

lllinois State Water Survey | X ILLINOIS



Critical Path

» Longest path into the last event, since it establishes the latest T,
for that last event.

* Three conditions that each critical activity must meet:
1. The early and late event times at the activity start must be equal:

2. The elarly and late event times at the activity completion must be
equal:

3. The difference between the ES and LF must equal the duration.

4. Delay mg an activity on the critical path will directly delay the
project by that amount. Delaying a non-critical acti 'tﬁ/
ma% rﬁot delay the project, depending on how much float t at
path has.
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Example

Pecformm Foruwsard & Backun passes o cevermice (1 hical Pl oF this wetwoete . (alcolade. tue ear) L-w}.

Note there are four \rﬂ—e SV ST N +Q\9\‘€ -below_ M!SO) wrile 1 CUONS —por' he Cr\‘*‘]fﬁ.\ Pa"ﬁ,\, bod\"‘ ‘F(_ut\e‘\' CrﬂSSOU‘f":.

paths but there are two : |

main ones. O | Float-15- s orLr- ¢
; 5

Workflow is set up fOr . gueer nosps 50 p4ys |

two persons (or crews) : |

in the beglnnlng,_ then ™ @hetis the dime dumbion of activity 21-227 % @

at event 8 there is a | . , >y,

split and workflow is . w | VL

Setup for a}n add|t||(]3nalI %\ s @ 9 e @ o N8 @

persons/crews. If only B 7 NN D o WPE B
one person/crew was tc LI MR R e N e i aaraa e O ;@%ﬁw

do all of the Work’ then Early Event Times TE’
all of the E_iCtIVItles _(Forward Pass)
would be in sequence =~ fFTPUrE

Late Event Times TL
(Backward Pass)

located along one path LS = LF - Dur
and the total project [ig [Poreten € 525D
duration would f |l , £5: 1 £erd L5 TP Lem vt |
substantially increase. |z & i ' Sern &g
. . . 61 ¢ 5o e [Tse 1Tor ¢ 47 Ll 78 |
Highlight the critical 7-18| /o 4 31
path red i 2 NEERN RO L kB R
. ifi-zo""zl"/‘ & | st | " g2 |3y
-2 . -
el 0| 1D | sl ges
el 5 s1 (& s ers
T | |
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PDM Network

m ,E""““‘“’._“‘““_“_“_“""_‘,
A . 3
B A 4
c A 2
D B 5 TF &
E c 1 G
2 : | [l "l
G DE 4 FF Dl
FG
2 2 AE
i E “

il

i

olrC o O =n]o
L

It

11

1

https://www.google.com/search?q=activity+on+node+diagram&tbm=isch&source=iu&ictx=1&fir=2T1g9rbL32dtZM%253A%252C0_s3wdgfUSHWtM%252C_&usg=__hilgs4BHrcR6YfBOEH3LINTE3Lc%3D&sa=X&ve
d=0ahUKEwim1KPq5ezZAhURM6WKHS7PDA0Q9QEIODAI#imgdii=jC8DICKFHhuyOM:&imgrc=ZT1g9rbL32dtZM:

O *-#Ilo
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Hydrologic & Hydraulic Project Outline

1. Workflow of Modules

2. Work Breakdown Structure (with or without
predecessors/successors?)

3. PDM Network with Gantt Chart

lllinois State Water Survey | X ILLINOIS



INITIATE
PROJECT

(1) Kickoff Meeting;
(2) Assign Internal/External

Resources (2) LIDAR Topography (2) Deli
(3) Basemap photo Repor
H&H DATA
PROJECT eeeeee—)
CLOSEOUT DEVELOPMENT

(1) Completechecklist. % /

LESSONS
LEARNED

(1) Recommendations to
improve modeling methods
and workflow.

CIRCULAR FLOW MODEL
DATA DEVELOPMENT PROJECT

DATA
ACQUISITION

HYDRO

ANALYSIS

(1) Survey:
Riverine/Reservoir;

PROJECT

MIP

UPLOAD

(1) Data/Models/Database/Reports;
(2) FRR Meeting Comments;

(3) OWR

Comments;

(4) KDP4 Letter.

FRR
MEETING

(1) Mail DRAFT Workmaps;
(2) Recieve Comments.

(1) FP Model;
HYDRA (2) FW Model;
ANALYSIS (3) Deliverables:
Report/Workmaps/Depth
Grids
OWR
APPROVAL

(1) Receive Commnets;
(2) Obtain Approval

[llinois Sta

te Water Survey

| X ILLINOIS



Network Creation

e Step 1 : Start simple and create outline of
modules/milestones.

» Step 2. Develop tasks for each module.
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1. Modules

2. Summary Tasks
3. Predecessors/Successors

Ou

T:
Iv|©@ M+

1 ye
2 Bymy o2
3 Gym 21
4 By 22
5 Eym 23
6 q™ 24
7 By 25
8 Bym 26
9 ym 27
10 = 23
11 Bym 29
12 = 210
13 By 211
14 Bym 212
15 [Eymy 3
16 Gy 31
17 Bym 313
18 ™ 311
19 By® 311
0 By= o311
2 Eym 31
2 = 312
23 w312
24 w3102
25 Eym 313
%6 w310,
27 Bym 32
8 = 321
29 By 322
30 By 33
31 By m 331
32 w332
33 Bym 3a
30 ™ 341
35 Bym o341
36 B4 = 341
37 Bym 342
38 w342
=

Nu »  Task Name

0 4 H&H Modeling Project 1 159 da
1 0 days

4 Project Initiation
Review WBS, RACI & Resources
Setup Folder Structure
Read MAS
Define Budgeted Hours
Create Project Timeline
Setup Timesheets Lite
Setup Base MXD
Setup Report Template
Create Communication Plan
Contact List
Check for Study Requests
Project Kickoff Meeting

4 Data Acquisition

4 Survey
4 Survey Riverine
Send Surveyors Survey
Locations

Start Survey XSs & Structures

Surveyors Process Data.
Receive Survey Data
4 Survey Reservoir(s)

Send Surveyors Survey
Locations
Start Reservoir Survey
Surveyors Process Data.
Receive Survey Data

<4 Watershed Topographic Data

Reguest Topo Data/Metadata
Watershed Delineation.

Aquire Topo: Watershed
Delineation

4 Gage Data
Reguest Gage Data
Acquire Gage Data
4 Hydrology
4 start Hydrology
Start Hydrology
Determine Flow Locations
4 Perform Geo-HMS
Perform Geo-HMS

~ Durat =

Res| fy 2018 March 2018

Start « Finw Predecw Succesw Na 6 11 16 21 26 3 8

Sun 3/1 Thu!

2B

April 2018
2

May 2018

12 days
lday
lday
Llday
Llday
1day
1day
lday
lday
Llday
Llday
1day
1day
34 days

4 days
4 days
Llday

Llday
Llday
1day
4days
lday

lday
lday
Llday
2 days
1day

1day

2days
1lday
lday
32 days
2 days
lday
1day
1day
lday

Sun 3/11 Sun 3,
Mon 3/1 Tue 3,
Mon 3/1 Mon: 1
Tue 3/13 Tue 3,3
Wed 3/1 Wed : 4
Thu 3/15 Thu 3,5
Fri3/16/ Fri3/ 6
Mon 3/1 Man 7
Tue 3/20 Tue 3,8
Wed 3/2 Wed: 9
Thu 3/22 Thu 3,10
Fri3f23/ Friz/i11
Mon 3/2 Mon {12
Tue 3/27 Tue 3, 13
Mon Thu
3f12/18 4/26/
‘Wed 3/2 Mon
‘Wed 3/2 Mon
Wed Wed 14
3/28/18 3/28/
Thu 3/29 Thu 3, 18
Fri3/30/ Fri3/: 19
Mon 4/2 Maon ¢ 20
‘Wed 3/2 Mon
Wed Wed 14
3/28/18 3/28/
Thu 3/29 Thu 3, 23
Fri3/30/ Fri3/: 24
Mon 4/2 Man ¢ 25
Mon 3/1 Tue 3,
Mon Mon 1
3/12/18 3/12/
Tue Tue 28
3/13/18 3/13/
Mon 3/1 Tue 3,
Mon 3/1 Mon: 1
Tue 3/13 Tue 3,31
Wed 3/1 Thu4,
Wed 3/2 Thu 3,
Wed 3/2 Wed ! 14,29
Thu 3/29 Thu 3, 35
Fri 3/30/ Fri3f:
Fri3/30f Fri3/: 36

3,28,31

[N RS

10
1
12
13
14
18,23,35,

19

20
21

24

26
35

29

35

32
41

36
42,38,44,

48

38
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Tz
v O M.
36 bdy g
37 Eym
EEEE
39 e
20 =
a1 By
47 [dym
a3 Bym
a Eym=
as [y
a5 [dym
a7 =
a8 =
a5 [y m
50 [dym
51 [y
52 [dy g
53 [y m
5q [dymg
55 |y
56 by ms
57 &y m
58 gy m
5o G2y mm
60 by s
61 02w
62 Gy m
63 0dyms
64 [y ms
65 By
66 [y =
67 [y mg
63 02y
e E =

Ou

Mu » Task Name
3.4.1.

3.4.2

3.4.2,

3.43

3.4.3.
3.4.3.
3.4.3.
3.43.
3.4.3.
3.4.3.

3.4.3.
3.4.3.

3.4.3.
3.4.3.

3.4.3.
3.4.3.
3.4.3.
3.4.3.
3.4.3.
3.4.3.

3.4.3.

3.4.3.
3.4.3.
3.4.3.
3.4.3.

3.4.4

3.4.4.
3.4.4,

3.45

3.4.5.

3.4.5.

3.4.5.

3.4.5.

Determine Flow Locations

< Perform Geo-HMS

Perform Geo-HMS

4 Flow Analysis

< Gage Analysis
Receive Gage Data
Perform Gage Analysis

4 Regression Analysis

+ Durat~ Start

1day
1day
1day

v Finw Predecs
Thu 3/29 Thu 3, 35

Fri 3/30/ Fri 3/:

Fri 3/30/ Fri 3/ 36

25 days Wed 3/1 Tue 4,
13 days Wed 3/1 Fri 3/:

1 day
1day
3 days

Assign Streamstats Pour Poir 1 day

Perform Regression
Analysis

QAQC Streamstats Results

4 Rainfall-Runoff Model
Analysis
Setup HEC-HMS Project

Wed 3/1 Wed: 32
Fri 3/30/ Fri 3/: 26,41
Fri 3/30/ Tue 4,

Fri 3/30/ Fri3/: 26

lday Mon Mon 44
4/2/18 4/2/1

lday Tue4/3/Tue4 45

11 days Mon Mon
4/2/18  4/16/

lday Mon4/2 Mon¢ 36,38

Import Geo-HMS Watershed 1 day

Delineation & Parameters

Perform Flow Analysis
Setup rainfall depths.
Perform Loss method.

Perform Transformation

Perform Reach Routing

Perform reservoir storage

modeling

Perform Critical Duration

Analysis

perform Calibration

Perform Verification
4 Compare Flows

Compare Flows:

1day
1day
1day
1day
1day
1day

1day

1day
1day
1day
1day

Effective/Gage/Regress/R-R

4 Hydro DRAFT Report

Start Hydro DRAFT Report

Finish Hydro DRAFT Report
4 Independent QA/QC (Hydro

Models & Report)

Start Independent QA/QC
Hydro

Send Results Independent

QA/QC To Engineer.

2 days
1 day
1day
4 days

1day

1day

Engineer Revises Hydro Model 1day

and Report.

Engineer Sends Hydro Model

To GIS-Workmaps.

e Mlede s ARATT VA e

1day

4 A,

Tue Tue 43
4/3/18  4/3f1

wed 4/4 Wed: 49
Thu4/5/ Thu4 50
Fri 4/6/1 Fri 4/1 51
Mon 4/9 Mon ¢ 52
Tue 4/10 Tue 4, 53
Wed Wed 26,54
4/11/18 4/11/

Thu Thu 55
a/12/18 412/

Fri 4/13/ Fri4/: 56
Mon 4/1 Mon ¢ 57
Tue 4/17 Tue 4
Tue Tue
a/17/18 af17/
Wed 4/1 Thu 4
wed 4/1 Wed : 60
Thu 4/19 Thu 4 62
Fri Wed
4/20/18 4/25/

Fri Fri 63
4/20/18 a/20/
Man Mon 65
4/23/18 4/23/
Tue Tue 66
a/24/18 a4/
Wed Wed 67
4/25/18 425/

Thew AdaE Thee a

42,58,46

Rex| ry 2018 March 2018
Succes» Ma 6 11 16 7l 26 3

42,38,44,

42
60

a9
50

51
52
53
54
55
56

57

60

62,94

63

66

67

63

70

28
v

April 2013
2 7 12

May 201
17 22 27 2
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T: Ou Req 'y 2018 March 2018 April 2018 May 2018 June 201
I+ @ M- Nuv TaskName + Duratv Stat + Fine Predecw Succerw Ma| & 11 16 2 %6 3 8 13 18 3 % 2 7 12 17 22 7 2 7 12 17 22 27 1
66 &4 =3 3.4.5. Send Results Independent lday Mon Mon 65 67 )’
QA/QC To Engineer. 4/23/18 4/23/ l
67 By =3 345 Engineer Revises Hydro Model 1day Tue Tue 66 68 i
and Report. 4/2a/18 424/ l
58 By =3 345, Engineer Sends Hydro Model  1day Wed Wed 67 0
To GIS-Workmaps. 4/25/18 4/25/
69 % = 346 4 Hydro DRAFT Workmap 1day Thu4/26 Thua
70 By m3 346 Start Hydro DRAFT Workmap  1day Thu4/26 Thu4 68 137
7 Eye g 4 Hydraulics 45 days Wed Tue : I
3/28/18 5/29/
72 Bymy o oaa 4 Start Hydraulics 1day Wed 3/2 Wed ; mn
73 By a1 Start hydraulics lday Wed3/2 Wed: 14 116,76 ; i
74 Eyws a2 4 Floodplain Model 20 days Thu 3/29 Wed.
75 Bym o421 4 GeoRAS (GIS_To_RAS) Geometry 9days Thu3/29 Tue 4
76 Bym 421 Digitize 250 ft stream spacing  1day  Thu3/29 Thu3 73 77
77 % o421 ze XS and structure lday Fri Fri 76 78
locations, bank lines and 3/30/18 3/30/
flowpath lines.
73 By ey 0AQC XS 1day Mona/2 Mon: 77 79 ! )
5 Gy Build DEM Lday Tued/3/Tued 78 w0 l
0 & m Run GooRAS Ldey  Wed 4/ Wed: 70 o l
o Sy Al Go0RAS 10 Base MXD Loy Thua/s/ Thua 0 o l
o Sy Setup HECAAS project Loy Fnafe/ Friais1 o 1
g3 [y my Setup HEC-RAS Geometry lday Mon4/9 Mon: 82 87,84
81 [y Incorporate Surveyed Sections 1day Tue4/10 Tue 4 21,83 86 . A ]
o e + Structure Geometry 2oy TTae gl o l%
% & m Create Structars (Sarvey Data) [1day | Wed a72]wWed |54 5
87 Bym Create Structure (As-Builts)  1day Tue4/10 Tue4, 83 88 ) "'jl
88 % - Create Ineffective Flow lday Thu Thu 86,87 89
Stations & Obstructions. a/12/18 4/12/ l
g9 Bym a22. QAQC HEC-RAS Geometry lday Fri4/13/ Fria/: 88 91 —
90 By 223 4 Apply Temporary StreamStats 2days Mon Tue : 1
Flows 4/16/18 4f17/
91 By Assign Flows in HEC-RAS lday Mond/l Mon:46,83 92 : Vl
97 [y my Run HEC-RAS lday Tued/17 Tued 91 94 ;
93 By 424 4 Apply Final Flows 1day Wed4a/1 Wed.
94 % o424 Apply Final Flows lday Wed4/1 Wed: 60,92 96
95 By 425 4 QA/QC FP Model_1 1day Thu4/19 Thu4,
96 By ®3 425 QAQC HEC-RAS (FP Model) lday Thu4/19 Thu4 94 98
97 Eym 426 4 GIS FP Creation Adays Fri4/20f Wed.
98 % = 4.26. Extract HEC-RAS results and lday Fri Fri 96 99
bring into GIS 4/20/18 4/20/
99 B4y =3 426 Run Floodplain lday Mon Mon 98 100
Autodelineation Tool 4/23/18 4/23/
100 % = 4.2.6. QAQC Autodelineation Results 1day  Tue 4/24 Tue 4 99 101

40
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T:

I« 0 M~ MNuw Task Name
4.2.6.

99 [fy my

100 B =

101 [y

102 [y
103
104
105
106 [y
107 [
108 [y

100
110

a

J! J! l‘ l‘ .l‘ .L‘ .‘!

ail

111 Ry

112 By =
113 2 =y

114 G2y
115 2 =g
116 (2 =g
117 [y
118 By =
119 G2y =
120 By =g
121 G2y
122 By =

123 (2
124 G2y

125 (2 =y

126 2y =g
127 By =

128 (2 =

Qu

4.2.6.
4.2.6.

4.3
4.3.1

4.3.1

4.3.2

4.3.2.
4.3.2.
4.3.2.

4.3.3

4.3.3,

4.3.3.

4.3.3,
4.3.3.

4.3.3.

4.4
4.4.1
4.5

4.5.1

4.5.2

4.5.3

4.5.4

4.6

4.6.1

4.6.1.

4.6.1.

4.6.1.
4.6.1.

4.6.2

Run Floodplain

= Durat =

1day

Autodelineation Tool
0AQC Autodelineation Results 1 day
Extend XS for Final Floodplain 1 day

Autodelineation

4 Floodway Model (Version 1)

4 Extract RAS XSs For MXD
Extract RAS X5s For MXD
4 Create FW Model (Version 1)

Perform Floodway.

QAQC HEC-RAS (FW Model)
Send FW model to GIS for

9 days
1day
1day
3 days
1day
1day
1day

floodway mapping (version 1).

4 Floodway Mapping (Version 1)
Extract HEC-RAS results and

bring into GIS

Add Engineers XS comments

5 days
1day

1day

to XXXX feature class.

Draw Floodway

GIS send FW mapping back to

Engr for review.

Engineer blesses FW. Ready

for Qa/Qc.

4 Hydra DRAFT Report

Write Hydra Report

Model & Report

Send Results Independent

QA/QC To Engineer.

Engineer Revises FW Model and

Report.

Engineer sends revised FW

1day
1day

1day

1day
1day

4 Independent QAfQC (FW Models & 4 days
Report)
Start Independent QA/QC FW

1day

1day

1day

1day

model to GIS- Workmaps.

4 DRAFT Hydraulic & FP Comparison
Workkmaps

4 Floodplain Mapping (Version 2)
Extract HEC-RAS results and

bring into GIS
Run Floodplain

10 days

4 days
1day

1day

Autodelineation Tool
QAQC Autodelineation Results 1 day
Extend XS for Final Floodplain 1 day

Autodelineation

1day

Start = Fin~ Predecw Succesw

Mon Mon 98
4/23/18 4/23/
Tue 4/24 Tue 4, 99
Wed Wed 100
4/25/18 4/25/
Thu 4/26 Tue 5,
Thu 4/26 Thu 4,

Thu 4/26 Thu 4 101
Fri 4/27/ Tue 5,
Fri4/27/ Fri4/: 104
Mon 4/3 Mon ¢ 106
Tue Tue 107
5/1/18 5/1/1
Wed 5/2 Tue 5,
Wed Wed 108
5/2/18 5/2/1
Thu Thu 110
5/3/18 5/3/1

Fri 5/4/1 Fri 5/ 111
Mon Mon 112
5/7/18 5/7/1
Tue Tue 113
5/8/18 5/8/1
Wed 5/9 Wed

Wed 5/9 Wed ' 114,73

Thu Tue
5/10/18 5[15/
Thu Thu 116
5/10/18 5/10/

Fri Fri 118
5/11/18 5/11/
Mon Mon 119

5/14/18 5/14/
Tue Tue 120
5/15/18 5/15/
Wed Tue
5/16/18 5/29/
Wed 5/1 Mon'!
Wed Wed 121
5/16/18 5/16/
Thu Thu 124
5/17/18 5/17/

Fri 5/18/ Fri5/; 125

Maon Mon 126
5/21/18 5/21/
Tue Tue

cdnadan o daal

100

101
104

106

107
108
110

111

112

113
114

116

118

119

120

121

124

125

126

127
129

Res B
MNa

T

17

May 2018
277 2 7 12 17 22 277

June 2018
1 & 11 16 pra |
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1. O wum.
132 [y =g
133 [y =g
134 2y
135 By
135 [y =
137 [y g
138 B =y
139 [y =
140 (4 =
141 [y g
142 By
143 2wy
144 [y =g
145 [y g
146 2y
147 By =
148 2y
149 By =
150 [y w5
151 [y =
157 [y =g
153 By m
154 By =5
155 [y =g
156 By =
157 By =5
158 [y mg
159 [y =
160 [y =g

Ou

Mu »  Task Name -

4.6.3. Add Engineers XS comments

to XXXX feature class.
4.6.3. Draw Floodway
4.6.3. GIS send FW mapping back to
Engr for review.

4.6.3. Engineer blesses FW.

5 < Submit to OWR for Approval

5.1 Prepare OWR Submittal Package

5.2 Submit to OWR

5.3 ‘Wait on OWR review

5.4 Document OWR comments and
required model/mapping changes
and re-mip.

[ < Flood Risk Review (FFR) Meeting

6.1 Schedule Internal FRR Kickoff
Meeting

6.2 Schedule FRR Meeting (30 days
after maps mailed)

6.3 Prepare for FRR Meeting

6.4 Attend FRR Meeting

6.5 30-Day Comment Period

6.6 Receive and Package Up Comments

7 4 MIP

7.1 Prepare MIP Upload

7.2 Check to see if OWR Approval has
been obtained.

7.3 Complete Transition Spreadsheet

7.4 Draft FIS Text

7.5 Format Final GIS DB Results

7.6 Copy Final Products to MIP
Submittals Folder

7.7 MIP Uploads

8 < Project Closeout

8.1 CNMS

8.2 Project Wrap up Meeting

8.3 Finalize Project Closeout

Durat ~

1day

1day
1day

1day
93 days

1day
1day
90 days
1day

o days
1day
1day

1day
1day
1day
1day
91 days
1day
1day

1day
1day
1day
1day

1day
3 days
1day
1day
1day

Start + Fin~ Predec~ Succes~

Thu Thu 131
5/24/18 5/24/

Fri 5/25/ Fri5/. 132
Mon  Mon 133
5/28/18 5/28/
Tue 5/29 Tue 5, 134
‘Wed Fri
5/30/18 10/5/
Wed 5/3 Wed ! 135,70
Thu5/31 Thu 5, 137
Fri6/1/1 Thu1 138
Fri Fri 139
10/5/18 10/5/

Fri Fri
6/1/18  6/8/1

Fri Fri 138
6/1/18 6/1/1
Mon  Mon 142
6/4/18  6/4/1
Tue 6/5/ Tue 6, 143
Wed 6/6 Wed 1 144
Thu 6/7/ Thu 6, 145
Fri 6/8/1 Fri 6/ 146
Mon 6/1 Mon :
Mon 6/1 Mon t 147
Mon  Mon 149,140
10/8/18 10/8/
Tue 10/9 Tue 1 150
Wed 10/ Wed : 151
Thu10/1 Thu 1 152
Fri Fri 153
10/12/15 10{12
Mon 10/ Mon ® 154
Tue 10/1 Thu 1
Tue 10/1 Tue 1 155
‘Wed 10/ Wed : 157
Thu 10/1 Thu 1 158
Thu 10/1 Thu 1 159

133

134
135

137

138
139,142
140
150

143

144

145
146
147
149

150
151

152
153
154
155

157

158
159
160

Res June 2018 July 2018 August 2018 September 2018 October 2018
Na 27 1 6 1 | 18 21 2% 1 6 11 16 1 2% | 31 5 10 i5 | 20 25 | 30 4 9 14 19 24 29 4 9 14 19 24

22
-
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Conclusion

e The critical path is the longest path but it may be longer
than another path by say only one day! And so, in a way,
you really have two critical paths! The amount of float/slack
in the 2"d path indicates how close to being “critical” it is.

* In reality, an activity may often be able to start before the
predecessor activity is 100% complete. For example, one
could start mixing the cake ingredients as they are
measured and not wait until all of the ingredients are
measured.

e For each activity, look backwards for predecessor activities
and forwards for successor activities!
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