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CVEG 4303
Water Resources Engineering
Spring 2022

Course number and name:

CVEG 4303 — Water Resources Engineering

Credits and contact hours:

3 credit hours; 3 contact hours

Instructor’s or course
coordinator’s name:

Dr. Emmanuel Nzewi, PE

Text book: Title:

Hydrology and Hydraulic Systems

Author:

Gupta, Ram S.

Publisher, Year & Edition:

Waveland Press, 2017, 4th Edition

a.

Other Supplemental material

Class handouts and notes and related course material
provided by the Instructor

Specific course information

a.

Brief description of the content of the
course (catalog description)

CVEG 4303. Water Resources Engineering: 3 semester
hours. Control and utilization of water; flood control;
water distribution systems; open channel flows; and
hydraulic structures.

b.

Prerequisites or
Co-requisites

CVEG 3303 (Hydraulics)

C.

** Indicate whether a required, elective, or
selected elective (as per definition
provided) course in the program

Required




6.| a. Specific goals for the course specific

outcomes of instruction (e.g., The
student will be able to explain the
significance of

b. Explicitly indicate which of the
student outcomes listed in Criterion
3 or any other
outcomes are addressed by the course.

current research about a particular topic.)

Students will be able to:

The specific goals for the course specific outcomes
listedon the left column will address the following
student learning outcomes:

1.

Demonstrate an ability to design basic
stormwater and sanitary water
management systems (storm and sewerage
systems); looped water distribution
systems

Outcome 1
An ability to identify, formulate, and solve
complex engineering problems by applying
principles of engineering, science, and
mathematics

. Demonstrate fundamental understanding

of flow in pipe systems — pressurized
pipe flow;

Demonstrate an ability to use tools for
rainfall-runoff modeling and stormwater
modeling

Demonstrate fundamental understanding
of the hydrologic cycle and rainfall-
runoff processes

Demonstrate an ability to use tools for
rainfall-runoff modeling and stormwater
management

Demonstrate an ability to perform
reservoir routing

Outcome 2

An ability to apply engineering design to produce
solutions that meet specified needs with
consideration of public health, safety, and welfare,
as well as global, cultural, social, environmental,
and economic factors

7 | Brief List of Topics to Be Covered

Course Introduction and review of hydraulics (3 hours)
Hydrology and the Hydrologic cycle (3 hours)
Statistical analysis of hydrologic data (3 hours)
Open channel flow (6 hours)
Demand for Water (3 hours)
Branched/looped pipe networks and systems (3 hours)
Hydrographs/Runoff modeling: Rational Formula (3 hours)
Pumps and pump selection (3 hours)
Flood mitigation (3 hours)
Sewer collection systems (sanitary and storm) (3 hours)
Reservoir Routing (3 hours)
Urban drainage systems (3 hours)

* For all Engineering programs, indicate subject area from the following: Math, Basic science,
Engineering topic or Other
** Required courses are required of all students in the program, elective courses (often referred to as
open or free electives) are optional for students, and selected elective courses are those for which
students must take one or more courses from a specified group
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PRAIRIE VIEW
‘A‘M A&M UNIVERSITY SYLLABUS
CVEG 4303 - Water Resources Engineering
Spring 2022
General Course Information
Information Item Description

Instructor(s):

Dr. Emmanuel U. Nzewi, PE

Section # and CRN:

PO1; 21297

Office Location:

Rm 329 SR Collins

Office Phone:

(936) 261-1658

Email Address:

eunzewi@pvamu.edu

Office Hours:

(subject to change):
Wed: 1:00 PM - 4:00 PM CT

Mode of Instruction:

Face-to-Face

Course Location:

Rm 205 SR Collins (via Zoom, if necessary)

Class Days & Times:

LECTURES: Tue/Thurs: 1:00 PM - 2:20 PM CT

Catalog Description:

CVEG 4303 Water Resources Engineering: 3 semester hours.
Control and utilization of water; flood control; water distribution systems; open channel
flows; and hydraulic structures.

Prerequisites:

CVEG 3303 or CVEG 3063 (Hydraulics)

Co-requisites:

None

Computer Use:

Each Student must have a working PYAMU account and functional eCourses (Canvas) access.
Each student must have internet access adequate to maintain audio and video connection during
Zoom class sessions. Lockdown browser is required during ONLINE exams and as necessary during
the course. Access to a printer is required.

Required Text(s):

Gupta, Ram S., Hydrology and Hydraulic Systems, 4" Edition, Waveland Press, 2017,
ISBN-13: 978-1-4786-3091-3

Recommended None
Text(s):
Other Materials Course notes provided in eCourses/Canvas

Reference materials may be introduced/provided, as necessary, over the course of the semester.




Course (Student) Learning Objectives:

Student Learning Core
Alignment Curriculum
Upon successful completion of this course, students will be able to [ABET Student Outcome
Outcomes - SOs]* | Alignment
1 Demonstrate fundamental understanding of flow in pipe systems (pressurized pipe ABET 3 (2) N/A
flow)
2 Demonstrate fundamental understanding of flow in open channel systems (open ABET 3 (2) N/A
channel flow)
3 Demonstrate fundamental understanding of the hydrologic cycle and rainfall-runoff ABET 3 (2) N/A
processes
4 Demonstrate an ability to design basic stormwater and sanitary water management ABET 3 (1) N/A
systems (storm and sewerage systems)
5 Demonstrate an ability to perform reservoir routing ABET 3 (2) N/A
6 Demonstrate an ability to use tools for rainfall-runoff modeling ABET 3 (2) N/A

Mapping of Program Educational Objectives onto Student Qutcomes

PEO Program Educational Objectives CE Student Outcomes

Graduates from the Civil Engineering program will: (111121 [3] [ [4] | [5] | [6] | [7]
PEO 1 | Have careers in civil engineering or related fields that x I xIx x| x| x| x
lead to increasing levels of responsibility and leadership

PEO 2 | Obtain professional licensure/certifications X | x

PEO 3 | Complete graduate studies in civil engineering or related x | x| x| x x | x
fields

PEO 4 | Engage in professional development and service x| x| x| x x | x

Mapping of CE Course and Student Qutcomes [Beginning Fall 2019] Updated Fall 2021
Previous New Course CE Student Outcomes/SOs
Course No. No. Course Title

(1] [ [2] | [3] | [4] | [5]|[6] |[7]
CVEG 4063 CVEG 4303 Water Resources Engineering N

1) an ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and
mathematics

2) an ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and

welfare, as well as global, cultural, social, environmental, and economic factors

) an ability to communicate effectively with a range of audiences

4) an ability to recognize ethical and professional responsibilities in engineering situations and make informed judgments, which must
consider the impact of engineering solutions in global, economic, environmental, and societal contexts

5) an ability to function effectively on a team whose members together provide leadership, create a collaborative and inclusive
environment, establish goals, plan tasks, and meet objectives

6) an ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw
conclusions

7) an ability to acquire and apply new knowledge as needed, using appropriate learning strategies.



Method of Determining Final Course Grade

This course will utilize the following instruments to determine student letter grades
Course Grade Requirement Value Total
1) Two exams (20% each) 40% 400
2) Homework Assignments 10% 100
3) Class Participation (Classwork) and Attendance 10% 100
4) Design Project (Individual) 12% 120
5) TaskStream Assignment 3% 30
6) Final Exam (Comprehensive) 25% 250
Total: 100.00% 1000
Grading Criteria and Conversion:

A=90 - 100% D= 60 - 69%

B= 80 - 89% F= 00 - 59%

C= 70 — 79%

If a student has stopped attending the course (i.e. “stopped out”) at any point after the first day of class but did not officially
withdraw from the course and has missed assignments and exams, including the final exam, and performed below the grade
level of a D, a grade of FN (failed-non attendance) will be assigned for the final course grade to ensure compliance with the
federal Title IV financial aid regulations. In contrast, if the student has completed all assignments and exams, including the final

exam, but performed below the grade level of a D, a grade of F will be assigned for the final course grade.
Detailed Description of Major Assignments:

Assignment Title or Grade Requirement Description

Exams Two (2) written tests designed to measure knowledge of presented course material

Homework Assignments Written assignments designed to engage students and reinforce course material. Also to provide
formative assessment and student feedback over the course of the semester

Class Participation (Classwork) & Attendance will be recorded during course. Classwork (short problems) will be assigned to promote

Attendance student engagement. Online polls or quick response questions maybe part of the course. The
Classwork may require submissions in eCourses (Canvas) or to be submitted in class.

Design Project A design project will be assigned and is a course requirement

TaskStream Taskstream assignment for course - via eCourses/Canvas

Final Exam Comprehensive closed book examination at the end of the course.

Course Procedures or Additional Instructor Policies

¢ Attendance in the class is mandatory and students are expected to report to class on time. Attendance will be taken at the beginning of class and
may be taken at the end of class. Please read the included University Class Attendance Policy.

o Turn cell phones and other electronic devices off prior to the start of class. They must remain off while class is in session. If you are expecting an
emergency call, please keep the cell phone in silence mode and exit the classroom to take the call. For online (Zoom) class sessions ALWAYS
place your microphone on MUTE and your video OFF during the class unless otherwise instructed.

o Exam Study guides will be provided for exams and the Final Exam as announced by the Instructor.

o No makeup test(s) will be given. Missed test(s) you will receive zero (0.0) grade. Excused absences will require documentation. A written excuse is
required via email to the Instructor. It is the student's responsibility to contact the instructor within ONE week to make up any assignments required
during any period of an excused absence from class. Failure to sit for and complete the Final Exam will result in an automatic “F” grade for the
course. A one-time make-up comprehensive make-up exam will be used to substitute for all excused exams.

o Late homework will not be accepted. Please refer to Homework submission requirements.

e Professionalism includes class conduct and participation in class. Unprofessional classroom behavior will not be tolerated. Students should not hold
private conversations in class. All cell phones MUST be silenced during class. Disruptive behavior of any kind may result in removal from the
classroom or administrative withdrawal from the course.

e For grading/class related appeals (see the PYAMU Undergraduate Catalog)

¢ Cheating on an exam or homework will minimally result in a grade of zero (0.0). Other forms of academic dishonesty could result in a grade of “F” for
the course AND administrative referral with the maximum penalty recommended. Please refer to the CEE Policy to Eradicate Cheating.

Taskstream

Taskstream is a tool that Prairie View A&M University uses for assessment purposes. One of your assignments may be required to be
submitted as an "artifact,” an item of coursework that serves as evidence that course objectives are met. If applicable, more information will
be provided during the semester by your department, but for general information, you can visit Taskstream via the link in eCourses. This
course requires a Taskstream Assignment.



Course Procedures

Assignment Submission
Dates to submit assignments will be provided when it is assigned. LATE ASSIGNMENTS WILL NOT BE ACCEPTED! Submitted
homework should be complete, neat, and professionally presented.
Use the following format for all of homework submissions:
1. Use only engineering paper (not graph paper) for submitting your homework
2. Your homework should have the following on top of the first sheet
a. Full name: LAST NAME, First Name
b. Course name and section
c. Homework number
d. Date of submission
3. Show all steps for arriving to the final answer clearly. Include all appropriate sketches/diagrams.
4. Reference all figures, tables, constant values, equations, and conversions used to complete the problem.
5. Include all the appropriate units throughout the solution. Points will be deducted for answers presented without the
appropriate units.
6. Start each problem on a NEW PAGE.
7. Problems should be solved and presented in the order assigned.
8. An elaborate set of guidelines will be provided for any Lab reports.

Exam Policy:
Exams should be taken as scheduled. No makeup examinations will be allowed except under documented
emergencies (See Student Handbook).

CEE POLICY TO ERADICATE CHEATING (PROTECT INTEGRITY OF EXAMS)
Cheating is unprofessional, unethical and is antithetical to our core value of "Excellence in Civil Engineering
Education,” and WILL NOT BE TOLERATED at any level. To combat this serious problem, the Civil &
Environmental Engineering (CEE) Department has adopted the following rules to eradicate cheating.
e If a student cheats on a test/assignment, the student shall receive an automatic zero for the
test/assignment.
o A student who has been determined to have cheated in a course will IMMEDIATELY relinquish his/her
leadership position in any of the department’s professional organizations.
e If a student cheats multiple times in a course, the student will receive a grade of “F” for the course.
e CALCULTORS: The calculators allowed for use in exams may be restricted to the latest Fundamentals of
Engineering (FE) approved calculators. For the latest National Council of Examiners for Engineering and
Surveying (NCEES) Fundamentals of Engineering (FE) approved calculators visit ncees.org or
https://ncees.org/exams/calculator/ (The Instructor may also provide a list.)
[This NCEES policy protects the integrity of NCEES exams and has been adopted to do likewise for
department’s exams.]

GENERAL EXAM GUIDELINES

1)  All cellphones/smartwatches MUST be placed in a book bags during exams and turned off. Book bags MUST be placed in
front of the classroom and away from students. Students without a book bag must place cellphone/smartwatch (turned off)
on Instructor’s desk — no exceptions
Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic zero for the
test/assignment. This is cheating.
CLOTHING: Hoodies are NOT Allowed during exams. No headphones (corded or wireless) are ALLOWED.
Calculator covers are DISALLOWED during tests and must be placed in students' book bags during exams.
There shall be NO SHARING of resources during the exam
RESTROOM VISIT: if you need to use the restroom, do so before opening the exam. Once the exam begins, you must
submit your work to the instructor if you leave the classroom to visit the rest room (your exam terminates).
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Additionally, please see the Section on Academic Misconduct (below).



Spring 2022 Semester [Selected Dates]

January 17 Monday Dr. Martin Luther King, Jr. Holiday

January 18 Tuesday Classes/Instruction begin; Late Registration and Add/Drop Begin

Jan 18-Jan24 | Tues - Mon | Late Registration/Late Registration Fee Begins ($50.00)

Jan 18-Jan 26 | Tues - Wed | Attendance Reporting Period. Students who do not attend class during this period will
have their courses removed and financial aid reduced or cancelled

February 02 Wednesday | 12" Class Day (Census Date)
Final Day to Drop/Withdraw from Course(s) without Academic Record (A Financial
Record will still exist)

February 03 Thursday Withdrawal from Courses with Academic Record (“W”) Begins

Mar 10 - Mar 12 | Thurs-Sat | Mid-Semester Examination Period

March 16 Wednesday | Mid-Semester Grades Due

Mar 14 - Mar 19 | Mon-Sat Spring Break

Mar 18 Friday Spring Break (Non-class Day/University Open)

April 06 Wednesday | Final Day to Withdraw from Course(s) with Academic Record (‘W”)

Apr 15 Friday Good Friday (No Classes)

May 02 Tuesday Final Day to Withdraw from the University (from all courses) for the Spring 2022 16-week session

May 03 Wednesday | Last Class Day

May 05-May 12 | Thurs-Thurs | Final Examination Period

May 12 Thursday Final Grades due for Graduation Candidates (12:00 pm)

May 14 Saturday Commencement

May 17 Tuesday Final Grades due for all other students (11:59 PM)




Week 1: Topic(s)
Chapter(s):
Assignment(s):
Week 2: Topic
Chapter(s):
Assignment(s):
Week 3: Topic(s)
Chapter(s):
Assignment(s):
Week 4: Topic(s)
Chapter(s):
Assignment(s):
Week 5: Topic(s)
Chapter(s):
Assignment(s):
Week 6: Topic(s)
Chapter(s):
Assignment(s):
Week 7: Topic(s)
Chapter(s):
Assignment(s):
Week 8: Topic(s)
Chapter(s):
Assignment(s):
Week 9: Topic(s)
Chapter(s):
Assignment(s):
Week 10: Topic(s)
Chapter(s):
Assignment(s):
Week 11: Topic(s)
Chapter(s):
Assignment(s):
Week 12: Topic(s)
Chapter(s):
Assignment(s):
Week 13: Topic(s)
Chapter(s):
Assignment(s):
Week 14: Topic(s)
Chapter(s):
Assignment(s):
Week 15: Topic
Chapter(s):
Assignment(s):
Week 16: Topic

Syllabus Revision(s):

The instructor reserves the right to make changes to the course syllabus as necessary. It is the student’s
responsibility to keep up with any changes posted on eCourses/Canvas and/or changes announced in class.

Semester Calendar (Subject to change)

Course Overview and Syllabus/Review of Basic Hydraulics
Instructor’'s Notes

None

Review of Selected Hydraulics Topics/Single Pipe systems
Chapter 15

Classwork/Homework

Single Pipe systems

Chapter 15

Classwork/Homework

Pipe Networks & Pumps

Chapter 15

Classwork/Homework

Demand for Water

Chapter 1

Classwork/Homework

The Hydrologic Cycle

Chapters 2, 3, 4

Classwork/Homework

The Hydrologic Cycle

Chapters 2, 3, 4/Review for Exam #1

Exam #1

Surface Water Flow and Hydrograph Analysis (Unit Hydrograph)
Chapter 9

Classwork/Homework

Hydrograph Analysis (Unit Hydrograph) & Reservoir Routing
Chapters 9 and 12

TaskStream Submission/Classwork/Homework
Urban Drainage Systems & Rational Method

Chapter 16

Assignment of Course Project/Classwork
Urban Drainage Systems & Rational Method

Chapter 16

Classwork/Homework

Open Channel Flow/Review for Exam #2

Chapter 14

Exam #2

Open Channel Flow

Chapter 14

Classwork/Homework

Open Channel Flow/Hydraulic Structures

Chapter 14 & Chapter 13
Classwork/Homework

Presentation of Course Project by students
Chapter 14 & Chapter 13

TaskStream Submission

Final Exam (Comprehensive)



Student Support and Success

John B. Coleman Library

The John B. Coleman Library’s mission is to enhance the scholarly pursuit of knowledge, to foster intellectual
curiosity, and to promote life-long learning and research through our innovative services, resources, and cultural
programs, which support the Prairie View A&M University’s global mission of teaching, service, and research. It
maintains library collections and access both on campus, online, and through local agreements to further the
educational goals of students and faculty. Website: https://www.pvamu.edul/library/; Phone: 936-261-1500

Academic Advising Services

Academic Advising Services offers students a variety of services that contributes to student success and leads
towards graduation. We assist students with understanding university policies and procedures that affect academic
progress. We support the early alert program to help students get connected to success early in the semester. We
help refer students to the appropriate academic support services when they are unsure of the best resource for their
needs. Faculty advisors support some students in their respective colleges. Your faculty advisor can be identified in
PantherTracks. Advisors with Academic Advising Services are available to all students. We are located across
campus. Find your advisor's location by academic major at www.pvamu.edu/advising. Phone: 936-261-5911

The University Tutoring Center

The University Tutoring Center (UTC) offers free tutoring and academic support to all registered PVAMU students.
The mission of the UTC is to help provide a solid academic foundation that enables students to become confident,
capable, independent learners. Competent and caring staff and peer tutors guide students in identifying, acquiring,
and enhancing the knowledge, skills, and attitudes needed to reach their desired goals. Tutoring and academic
support are offered face-to-face in the UTC, in virtual face-to-face sessions (https://www.pvamu.edu/student-
success/sass/university-tutoring-center/), and through online sessions (https://www.pvamu.edu/pvplace/). Other
support services available for students include Supplemental Instruction, Study Break, Academic Success
Workshops, and Algebra Study Jam. Location: J. B. Coleman Library, Rm. 307; Phone: 936-261-1561; Email:
pvtutoring@pvamu.edu; Website: https://www.pvamu.edu/student-success/sass/university-tutoring-center/

Writing Center

The Writing Center provides well-trained peer tutors to assist students with writing assignments at any stage of the
writing process. Tutors help students with various writing tasks from understanding assignments, brainstorming,
drafting, revising, editing, researching, and integrating sources. Students have free access to Grammarly online
writing assistance. Grammarly is an automated proofreading and plagiarism detection tool. Students must register
for Grammarly by using their student email address. In addition, students have access to face-to-face and virtual
tutoring services either asynchronously via email or synchronously via Zoom. Location: J. B. Coleman Library, Rm.
209; Phone: 936-261-3724; Website: https://www.pvamu.edu/student-success/writing-center/; Grammarly
Registration: https://www.grammarly.com/enterprise/signup

Academic Early Alert

Academic Early Alert is a proactive system of communication and collaboration between faculty, academic advisors,
and PVAMU students that is designed to support student success by promptly identifying issues and allowing for
intervention. Academic Early Alerts help students by providing a central location to schedule advising appointments,
view advisor contact information, and request assistance. Students who recognize that they have a problem that is
negatively affecting their academic performance or ability to continue school may self-refer an Academic Early
Alert. To do so, students will log in to PV Place and click on Academic Early Alert on the left sidebar. Phone: 936-
261-5902; Website: https://www.pvamu.edu/student-success/early-alert/

Student Counseling Services

The Student Counseling Services unit offers a range of services and programs to assist students in maximizing their
potential for success: short-term individual, couples, and group counseling, as well as crisis intervention, outreach,
consultation, and referral services. The staff is licensed by the State of Texas and assists students who are dealing
with academic skills concerns, situational crises, adjustment problems, and emotional difficulties. Information shared
with the staff is treated confidentially and in accordance with Texas State Law. Location: Hobart Taylor, 2™ floor;
Phone: 936-261-3564; Website: https://www.pvamu.edu/healthservices/student-counseling-services/




Office of Testing Services

Testing Services serves to create opportunities by offering a suite of exams that aid in the students' academic and
professional success. Currently, we administer entrance (HESI A2), college readiness (TSI assessment), Prior
Learning (CLEP, DSST), and proctored exams. Location: Wilhelmina Delco, 3 Floor, Rm. 305; Phone: 936-261-
3627; Email: aetesting@pvamu.edu; Website: www.pvamu.edu/testing

Office of Diagnostic Testing and Disability Services

The Americans with Disabilities Act (ADA) is a federal anti-discrimination statute that provides comprehensive civil
rights protection for persons with disabilities. Among other things, this legislation requires that all students with
disabilities be guaranteed a learning environment that provides for reasonable accommodation of their disabilities. If
you believe you have a disability requiring an accommodation, contact the Office of Disability Services. As a federally-
mandated educational support unit, the Office of Disability Services serves as the repository for confidential disability
files for faculty, staff, and students. For persons with a disability, the Office develops individualized ADA letters of
request for accommodations. Other services include learning style inventories, awareness workshops, accessibility
pathways, webinars, computer laboratory with adapted hard and software, adapted furniture, proctoring non-
standardized test administrations, ASL interpreters, ALDs, digital recorders, Livescribe, and a comprehensive referral
network across campus and the broader community. Location: Hobart Taylor, Rm. 1D128; Phone: 936-261-3583;
Website: https://www.pvamu.edu/disabilityservices/

Center for Instructional Innovation and Technology Services (CIITS)

Distance Learning, also referred to as Distance Education, is the employment of alternative instructional delivery
methods to extend programs and services to persons unable to attend college in the traditional manner. The Center
for Instructional Innovation and Technology Services (CIITS) supports student learning through online, hybrid, web-
assist, and 2-way video course delivery. For more details and contact information, visit:
https://www.pvamu.edu/dlearning/distance-learning-2-2/students-2/; Phone: 936-261-3283

Veteran Affairs

Veterans Services works with student veterans, current military and military dependents to support their transition to
the college environment and continued persistence to graduation. The Office coordinates and certifies benefits for
both the G.I. Bill and the Texas Hazlewood Act. Location: Evans Hall, Rm. 102; Phone: 936-261-3563; Website:
https://www.pvamu.edu/sa/departments/veteranaffairs/

Office for Student Engagement

The Office for Student Engagement delivers comprehensive programs and services designed to meet the co-
curricular needs of students. The Office implements inclusive and accessible programs and services that enhance
student development through exposure to and participation in diverse and relevant social, cultural, intellectual,
recreational, community service, leadership development, and campus governance. Location: Memorial Student
Center, Rm. 221; Phone: 936-261-1340; Website: https://www.pvamu.edu/studentengagement/

Career Services

Career Services supports students through professional development, career readiness, and placement and
employment assistance. The Office provides one-on-one career coaching, interview preparation, resume and letter
writing, and career exploration workshops and seminars. Services are provided for students at the Northwest Houston
Center and College of Nursing in the Medical Center twice a month or on a requested basis. Distance Learning
students are encouraged to visit the Career Services website for information regarding services provided. Location:
Anderson Hall, 2" floor; Phone: 936-261-3570; Website: https://www.pvamu.edu/careerservices/

University Rules and Procedures

Academic Misconduct

Academic dishonesty is defined as any form of cheating or dishonesty that has the effect or intent of interfering with
any academic exercise or fair evaluation of a student's performance. The college faculty can provide additional
information, particularly related to a specific course, laboratory, or assignment.

You are expected to practice academic honesty in every aspect of this course and all other courses. Make sure you

are familiar with the University Administrative Guidelines on Academic Integrity, which can be found on the Academic

Integrity webpage. Students who engage in academic misconduct are subject to university disciplinary procedures.
8




As listed in the University Administrative Guidelines on Academic Integrity, the University Online Catalog, and the
Student Code of Conduct, the following are examples of prohibited conduct. This list is not designed to be all-inclusive
or exhaustive. In addition to academic sanctions, any student found to have committed academic misconduct that is
also a violation of criminal law may also be subject to disciplinary review and action by the Office of Student Conduct
(as outlined in the Student Code of Conduct).

Forms of Academic Dishonesty:

1. Cheating: Deception in which a student misrepresents that he/she has mastered information on an academic
exercise that he/she has not learned, giving or receiving aid unauthorized by the instructor on assignments
or examinations. Examples: unauthorized use of notes for a test; using a "cheat sheet" on a quiz or exam;
any alteration made on a graded test or exam which is then resubmitted to the teacher;

2. Plagiarism: Careless or deliberate use of the work or the ideas of another; representation of another's work,
words, ideas, or data as your own without permission or appropriate acknowledgment. Examples: copying
another's paper or answers, failure to identify information or essays from the internet and submitting or
representing it as your own; submitting an assignment which has been partially or wholly done by another
and claiming it as yours; not properly acknowledging a source which has been summarized or paraphrased
in your work; failure to acknowledge the use of another's words with quotation marks;

3. Collusion: When more than one student or person contributes to a piece of work that is submitted as the
work of an individual;

4. Conspiracy: Agreeing with one or more persons to commit an act of academic/scholastic dishonesty; and

5. Multiple Submission: Submission of work from one course to satisfy a requirement in another course
without explicit permission. Example: using a paper prepared and graded for credit in one course to fulfill a
requirement and receive credit in a different course.

Nonacademic Misconduct

The university respects the rights of instructors to teach and students to learn. Maintenance of these rights requires
campus conditions that do not impede their exercise. Campus behavior that interferes with either (1) the instructor's
ability to conduct the class, (2) the inability of other students to profit from the instructional program, or (3) campus
behavior that interferes with the rights of others will not be tolerated. An individual engaging in such disruptive
behavior may be subject to disciplinary action. The Office of Student Conduct will adjudicate such incidents under
nonacademic procedures.

Sexual Misconduct

Sexual harassment of students and employees at Prairie View A&M University is unacceptable and will not be
tolerated. Any member of the university community violating the university's sexual harassment policy will be subject
to disciplinary action. In accordance with the Texas A&M University System guidelines, your instructor is obligated
to report to the Office of Title IX Compliance (titleixteam@pvamu.edu) any instance of sexual misconduct involving a
student, which includes sexual assault, stalking, dating violence, domestic violence, and sexual harassment, about
which the instructor becomes aware during this course through writing, discussion, or personal disclosure. The faculty
and staff of PVAMU actively strive to provide a learning, working, and living environment that promotes respect that
is free from sexual misconduct, discrimination, and all forms of violence. If students, faculty, or staff would like
assistance or have questions, they may contact the Title IX Coordinator at 936-261-2144 or titleixteam@pvamu.edu.
More information can be found at www.pvamu.edultitleix, including confidential resources available on campus.

Pregnancy, Pregnancy-related, and Parenting Accommodations

Title IX of the Education Amendments of 1972 prohibits sex discrimination, which includes discrimination based on
pregnancy, marital status, or parental status. Students seeking accommodations related to pregnancy, pregnancy-
related conditions, or parenting (reasonably immediate postpartum period) are encouraged to contact Student
Disability Services or the Dean of Students' Office for additional information and to request accommodations.

Non-Discrimination Statement



Prairie View A&M University does not discriminate on the basis of race, color, sex, religion, national origin, age,
disability, genetic information, veteran status, sexual orientation, or gender identity in its programs and activities. The
University is committed to supporting students and complying with The Texas A&M University System non-
discrimination policy. It seeks to establish an environment that is free of bias, discrimination, and harassment. If you
experience an incident of discrimination or harassment, we encourage you to report it. If you would like to speak with
someone who may be able to afford you privacy or confidentiality, there are individuals who can meet with you. The
Director of Equal Opportunity & Diversity has been designated to handle inquiries regarding the non-discrimination
policies and can be reached at Harrington Science Building, Suite 109 or by phone at 936-261-1744 or 1792.

Class Attendance Policy (See the University Online Catalog for Full Attendance Policy)

Prairie View A&M University requires regular class attendance. Attending all classes supports the full academic
development of each learner, whether classes are taught with the instructor physically present or via distance learning
technologies such as interactive video and/or the internet. Excessive absenteeism, whether excused or unexcused,
may result in a student's course grade being reduced or in the assignment of a grade of "F." Absences are
accumulated beginning with the first day of class during regular semesters and summer terms. Each faculty member
will include the University's attendance policy in each course syllabus.

Student Academic Appeals Process

Authority and responsibility for assigning grades to students rest with the faculty. However, in those instances where
students believe that miscommunication, errors, or unfairness of any kind may have adversely affected the instructor's
assessment of their academic performance, the student has a right to appeal by the procedure listed in the University
Online Catalog and by doing so within thirty days of receiving the grade or experiencing any other problematic
academic event that prompted the complaint.

Technical Considerations

Minimum Recommended Hardware and Software:
¢ Intel PC or Laptop with Windows 10 or later version; Mac with OS High Sierra*
Smartphone or iPad/Tablet with Wi-Fi*
High-speed Internet access
8 GB Memory
Hard drive with 320 GB storage space
15" monitor, 800x600, color or 16 bit
Sound card w/speakers
Microphone and recording software
Keyboard & mouse
Most current version of Google Chrome, Safari, or Firefox

Note: Be sure to enable Java & pop-ups in the Web browser preferences

* Smartphones, Google Chrome books, and Android tablets may not be supported. iPads are the only tablets
supported.

Participants should have a basic proficiency of the following computer skills:
e Sending and receiving email

A working knowledge of the Internet

Microsoft Word (or a program convertible to Word)

Acrobat PDF Reader

Windows or Mac OS

Video conferencing software

Netiquette (online etiquette)

Students are expected to participate in all discussions and virtual classroom chats as directed. Students are to be
respectful and courteous to others on discussion boards. Foul or abusive language will not be tolerated. Do not use
ALL CAPS for communicating to others AS IT CAN BE INTERPRETED AS YELLING. Avoid slang terms such as

"wassup?" and texting abbreviations such as "u" instead of "you." Limit and possibly avoid the use of emoticons. Be
cautious when using humor or sarcasm as tone is sometimes lost in an email or discussion post, and the message
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might be taken seriously or sound offensive.

Video Conferencing Etiquette

When using Zoom, WebEXx, or other video conferencing tools, confirm the visible area is tidy, clear of background
clutter, inappropriate or offensive posters, and other distractions. Ensure you dress appropriately and avoid using
high traffic or noisy areas. Stay muted when you are not speaking and avoid eating/drinking during the session.
Before the class session begins, test audio, video, and lighting to alleviate technology issues.

Technical Support

Students should go to https://mypassword.pvamu.edu/ if they have password issues. The page will provide
instructions for resetting passwords and contact information if login issues persist. For other technical questions
regarding eCourses, call the Center for Instructional Innovation and Technology Services at 936-261-3283 or email
ciits@pvamu.edu.

Communication Expectations and Standards
Emails or discussion postings will receive a response from the instructor, usually in less than 48 hours. Urgent emails
should be marked as such. Check regularly for responses.

Discussion Requirement

Online courses often require minimal to no face-to-face meetings. However, conversations about the readings,
lectures, materials, and other aspects of the course can occur in a seminar fashion. The use of the discussion board
will accomplish this. The instructor will determine the exact use of discussion boards.

It is strongly suggested that students type their discussion postings in a word processing application such as Word
and save it to their PC or a removable drive before posting to the discussion board. This is important for two
reasons: 1) If for some reason your discussion responses are lost in your online course, you will have another copy;
2) Grammatical errors can be greatly minimized by the use of the spell-and-grammar check functions in word
processing applications. Once the post(s) have been typed and corrected in the word processing application, copy
and paste to the discussion board.

COVID-19 Campus Safety Measures

To promote public safety and protect students, faculty, and staff during the coronavirus pandemic, PVAMU has
adopted policies and practices to limit virus transmission.

¢ Self-monitoring - Students should follow CDC recommendations for self-monitoring. Students who have a
fever or exhibit symptoms of COVID-19 should participate in class remotely and should not participate in
face-to-face instruction.

o Face Coverings - Face coverings (cloth face covering, surgical mask, etc.) are recommended in classrooms,
teaching laboratories, common spaces such as lobbies and hallways, public study spaces, libraries,
academic resource, and support offices, and outdoor spaces where 6 feet of physical distancing is
challenging to maintain reliably.

¢ Physical Distancing - Physical distancing should be maintained between students, instructors, and others
in course and course-related activities where possible.

Personal lliness and Quarantine - Students required to quarantine are to participate in courses and course-related
activities remotely and must not attend face-to-face course activities. Students should notify their instructors of the
quarantine requirement. Students under quarantine are expected to participate in courses and complete graded work
unless they have symptoms that are too severe to participate in course activities. Students experiencing personal
injury or iliness that is too severe for the student to attend class qualify for an excused absence. To receive an
excused absence, students must provide appropriate documentation to the Office for Student Conduct,
studentconduct@pvamu.edu.
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End of semester
Course Assessment Report

This summary contains the following Information

1. Performance Statistics
e Total number of students in class
e The class average performance (stated as %) in each course
outcome assessed in this class and the two previous times course
was assessed.
The acceptable class average for the class in each outcome area as
set by your Department.

Percentage of students who scored below the expected average in
each outcome.

2. Implementation Summary
e Brief summary of plans implemented during the semester based
on last assessment report

3. Perceived Problems
e Instructor’s critical evaluation of perceived problems that
affected students’ performance.

4. New Plans for Addressing Problems
e Instructor’s plans for addressing the perceived problems the next
time the class is taught.

5. Overall Trend over last three assessment periods
e Instructors summary of overall performance trend for each
outcome measured over the last three periods.




ASSESSMENT RESULTS FOR CURRENT AND PAST THREE

ASSESSMENT PERIODS [/if available/

Program Outcomes Assessed in this Course

ABET An ability to identify, formulate, and solve complex engineering problems

Outcome 1 by applying principles of engineering, science, and mathematics

ABET An ability to apply engineering design to produce solutions that meet

Outcome 2 specified needs with consideration of public health, safety, and welfare, as
well as global, cultural, social, environmental, and economic factors

Assessment Summary of Class Semester Averages for Outcomes:

Spring 2022

Expected semester class average = 70%

ABET Outcomes

1 2

Semester Class Average Class Average
(%) (%)
Spring 2022 80 69
16 students*
Spring 2021
17 students 49 56
Spring 2020
19 students 2 80
*Data reported are for students completing the course for the assignments included in
Comments the assessment analysis.
on data




END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT

CVEG 4303 — Water Resources Engineering - Spring 2022
Report Prepared by: Emmanuel U. Nzewi, PhD, PE

Report Date: May 23, 2022
Outcome 1 Outcome 2
Ability to identify, formulate, and solve Ability to apply engineering design to
Analysis Number complex engineering problems (CEPs) produce solutions that meet specified
Type of by applying principles of engineering, needs with consideration of public
SemeSter P Student science, and mathematics health, safety and welfare, as well as
udents global, cultural, social, environmental,
and economic factor
Expected Expected % Expected Expected %
Class Percent of Class Sludgnls Class Percent of Class Sludgnls
Aege | | Aveaze | | e | US| Avenge | et
/ above Average / above Average
average average
Spring 2022* Direct 16 70 70 80 81 70 70 69 50
Spring2021 | Direct | 17 70 | 70 [ 49 |35 | 70 | 70 | 56 | 23
Spring 2020 Direct 19 70 70 72 58 70 70 80 63
Students were presented with open The use of Excel to solve problems
Implementation Items m.lplemented ended problems and worked in requiring iterative solutions was
Summary f; ?::rl::n::?i]:gs ;ig:;:u"sr groups on one and individually on emphasized. In-class work, used to
P another. It appeared the group obtain rapid feedback from
project may have resulted in uneven | students, appeared to work well.
work by student members. Another | However, it does take away time
::> project in which individual effort from delivery of course topics. It
was required caused all students to was used for the timely
engage fully in the exercise. identification of topics and concepts
Students performed well, in topics that required additional
general. This tactic should be attention in class.
explored further in the future.
Perceived problems | A few students showed low Homework performance did not
P ived are directly related competency in areas — especially correlate well with competency in
ercerve to the PC and the math intensive calculations —in the | class topics. Attention needs to be
Problems sub items under course. This hampered progress in directed toward obtaining more
P prog g
them class — because additional review reliable feedback from students.
Additional open-ended projects Additional in-class work would be
Plans for address | requiring both group and individual | attempted in the future with rapid
specific measures effort would be advisable. feedback rather than homework
Plans fOI‘ to address PC and problems.
Addressing | their sub areas
Problems
Overall Ascertain if there Performance was generally good. Students appeared to do better than
T d were improvements in the previous semester. Still more
rend over over previous work needs to the done to address
Periods semesters persistent low competency in
critical areas.
Were
Expectations |5 >
Met? YES NO




END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
CVEG 4063-WATER RESOURCES ENGINEERING

SPRING 2021

Report Prepared by: Dr. Iftekhar Ahmed, P.E.

Report Date: May 21, 2021
Outcome 1 Outcome 2
Ability to identify, formulate, and solve Ability to apply engineering design to
Analysis Number complex engineering problems (CEPs) produce solutions that meet specified
T £ by applying principles of engineering, needs with consideration of public
SemeSter ype S tu(c)len ts science, and mathematics health, safety and welfare, as well as
global, cultural, social, environmental,
and economic factor
Expected Expected % Expected Expected %
Class Percent of Class Students Class Percent of Class Students
Avege | | Avemse | | oo | U | pverge | g
/ above Average / above Average
average average
Spring2021 | Direct [ 17 [ 70 | 70 | 49 [ 35 | 70 | 70 [ 56 | 23
Spring 2020 Direct 19 70 70 72 58 70 70 80 63
Spring 2019 | Direct | 21 70 | 70 | 67 | 45 [ 70 | 70 | 83 | 95
Students were encouraged to read Public safety and welfare
Implementation . Items implemented the required textbook to reinforce supportive flood control design
rom previous report or | e omplex concepts presented in roject was implemented. Students
Summary after meeting previous P neepis p . proj P
e the lecture. Repeated assignments were exposed to computer -based
were presented on critical concepts hydrologic model (Excel) of
namely, reservoir routing, channel reservoir routing to assist with
::> design and storm hydrograph unlined channel design using
generation from unit hydrograph. attenuated peak discharge; a holistic
approach to flood control.
Class was fully online.
Perceived problems | Did not received notable Did not received notable
P ived are directly related performance feedback from performance feedback from
erceive to the PC and the students. All time low averages students. All time low averages
Problems sub items under were recorded on assignments and were recorded on assignments and
them tests. Traditionally a take home test | tests. Traditionally a take home test
average has been above 80% average has been above 80%
whereas this term, that average was | whereas this term, that average was
just 53%. Couple of students just 53%. Couple of students
notably remained off-the-grid that notably remained off-the-grid that
they did not follow lecture notes or they did not follow lecture notes or
the required textbook. the required textbook.
Plans for address | ©ace-to-face lecture should improve | Face-to-face lecture should improve
3 matters back to normal.
Plans for specific measures matters back to normal.
s 0 to address PC and
Addressing their sub areas
Problems
Overall Ascertain if there This term’s performance was a This term’s performance was a
T d were improvements trend setter in the negative scale. trend setter in the negative scale.
rend over over previous Such low performance was never Such low performance was never
Periods semesters recorded for this course. Rather recorded for this course. Rather
than a trend, this was an anomaly. than a trend, this was an anomaly.
Were
Expectations [ >
Met? NO NO




END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
CVEG 4063-WATER RESOURCES ENGINEERING

SPRING 2020

Report Prepared by: Dr. Iftekhar Ahmed, P.E.

Met?

Report Date: May 15, 2020
Outcome 1 Outcome 2
Ability to identify, formulate, and solve Ability to apply engineering design to
Analysis Number complex engineering problems (CEPs) produce solutions that meet specified
Type of by applying principles of engineering, needs with consideration of public
SemeSter P Students science, and mathematics health, safety and welfare, as well as
global, cultural, social, environmental,
and economic factor
Expected Expected % Expected Expected %
Class Percent of Class Slud;nls Class Percent of Class Slud;nls
Avege | | Avemse | | oo | U | pverge | g
/ above Average / above Average
average average
Spring2020 | Direct [ 19 [ 70 | 70 | 72 [ 58 | 70 | 70 [ 80 | 63
Spring 2019 | Direct | 21 70 | 70 | 67 | 45 [ 70 | 70 | 83 | 95
Items implemented Quizzes were offered for the Public safety and welfare
Implementation fr ‘;m previous report or | Hydrology section in the early part supportive flood control design
after meeting previous | £ the semester to encourage roject was implemented. Students
Summary instructor £ proj mp L
students to read the book to gained technical expertise with
reinforce the complex concepts computer -based hydrologic model
presented in the lecture. Those (Excel) of reservoir routing to assist
sincere enough benefited from this. | with unlined channel design using
attenuated peak discharge; a holistic
approach to flood control.
Perceived problems Few students could not spend Signs of plagiarism were noted among a
P ived are directly related | enough time on their assignments same small group of students from the
ercerve to the PC and the due to other curricular activities. pre'reqt‘“;‘t;ljlass “,’hetre San]‘e ?ek};mo;
. . ‘was noted. 18 project was last oIfere
Problems sub items under The quality of work was not good. in Spring 2018. So, solutions were most
them I[: likely available from past students.
Plans for address Encourage students to prepare and New project implementation is
3 use weekly schedule to manage recommended annually so students
specific measures . . . :
Plans for time to their best potentials. do not rely on solutions from past
Addressin to ad.dress PC and students which tend to float in
g their sub areas academic environment.
Problems
Overall Ascertain if there Some students continue to struggle This new outcome was laid out in
T d were improvements in open channel hydraulics and Spring 2019 for the first time. The
rend over over previous application of specific energy trend looks positive in this short
Periods semesters concept, and do not spend enough time but continuity depends on
time to understand it. future students’ aptitude.
Were
Expectations |5 > YES YES
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Student and Class Performance in Outcomes




Grade Sheet Showing Student & Class Performance in Course Qutcomes
CVEG 4303 — Water Resources Engineering - Spring 2022

ABET Outcome 1 ABET Outcome 2
e . An ability to apply engineering design to produce solutions that meet
g iopes e o, smatonss | SEcled e i corsoconof piesh sy nd vl 5
2.9 97.8
84.1 70.0
87.6 76.9
81.8 52.8
64.1 63.6
95.9 78.9
51.5 70.6
51.8 25.0
84.1 49.7
94.1 75.3
75.3 67.2
- ]
97.6 88.6
- ]
94.1 82.8
71.8 53.3
80.6 79.2
79.7 68.9
Average = 80% Average = 69%
% Students > Expected AVG [70] = 81% % Students > Expected AVG [70] = 50%
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CVEG 4303
WATER RESOURCES ENGINEERING
SPRING 2022

Title of Assignment: Exam 01
TOPICS COVERED in Exam 01
Exam 01 covered the following topics:

Basic hydraulics of pipe flow: Reynolds Number, characterization of flow;
friction factor/Moody Diagram application

Determination of equivalent pipe length for pipes arranged in series
Basic open channel flow computations: flowrate, velocity

Forces on a submerged surface

Simple looped pipe systems: application of continuity and energy
conservation

Determination of head provided by a pump in a piping system:
Application of Energy equation







e Department of Civil & Environmental Engineering

Cf CVEG 4303-PO1 Water Resources Engineering @ Spring 2022
J Dr. V\zews Exam @1
!Eurs. Mar 10, 2022, 01:00 PM; SR Collins 205
Submit the entire exam the order given Name [PRINT) No UD;

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

400

All necessary equations are provided except for elementary relationships you are expected to master.
This is a CLOSED book exam. Please turn off all cell phones and mp3 players and place

them in your book bag in front of the class. Also put away ANY disallowed calculators.
Calculator POLICY (allowed calculators)

@ Casio: Allfx-115 and £x-991 models (Any Casio calculator must have “fx-115"or *fx-991"in its model name)
B Hewlett Packard: The HP 335 and HP 355 models, but no others
B Texas Instruments: All T1-30X and T1-36X models (Any Texas Instruments calculator must have “T1-30X" or “T1-36X"in its model name.}

1) All cellphones/smartwatches MUST be placed in your book bag during exams and turned off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
9 celiphone/smartwatch (turned off) on Instructor's desk.

2) Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. Such action will be cheating

3) CLOTHING: Hoodies are NOT Allowed during exams. No headphones {corded or wireless) are ALLOWED

4) Calculator covers are DISALLOWED during tests and must be placed in students’ book bags during exams.

5) There shall be NO SHARING of resources during the exam. Writing space will be provided in the test

6) RESTROOM VISIT: if you need to use the restroom, do so before opening the exam. Once the exam begins,
you must submit your work to the instructor if you leave the classroom to visit the rest room (your exam
terminates).

7) Youhave 70 minutes to complete the exam. Please turn in your work on time.

8) Provide enough detail for each problem you solve. You earn points based on the details you provide.
9) Please work independently.

10) You are required to solve ALL problems. - o )
Dishonesty or failure to adhere to instructions will result in a grade of ZERO (0.0@)

| pledge to abide by all the rules stated for this Exam

Signature; M‘y\__ Date: % /10]2022L
8 NAME [PRINT, Lastname, firstname]: n Ifu ( H(LS ¢ AHH $hd
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REFERENCE VALUES AND FORMULAS [Uniess otherwise stated or implied, assume the following)

Density of water = 1000 kg/m3 (= 1.94 slugs/ft3) [at 4 °C) 1 mie = 5280 feet
Specific weight of water = 9810 N/m?3 (= 62.4 [b/f3) and at 4 °C } Ml gggg;';’s
Gravitational Acceleration, g = 9.81 m/s2 (= 322 fus2) o 640 xc
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 14.7 psi) 1# - 0.30 4:5
Gas constant for air, R = 287 J/kg. K = 1716 fi-Ib/slug-°R 15l i 1 ) 5 km
T K] =t[°Cl+273.15 LRI 44;‘42'“9
T [°R] = t {°F] + 459.67 1p i 1.6 Nim?
1Bu =778tk bt 7 481 cal
1hp  =7457W =550 tib AN
im = 100 cm 254mm = 1.Qin
fiter = 1000 cmd
1m_ = 1000 liter
Forces on submerged surfaces: Moment of Inertia for a rectangular shape:
= vh, L bi?
F YhA VF Fia sl L’AaL\S\'M Tex =E —_—
Location of Center of pressure, Y, =¥+ Lo / AT
Ay SN CrF
Buoyant Force: Metacentric Height;
Fg = Y(displaced volume) -

Reyntids Number: } B
V Vi
Re = 9_ = M
voou }

Swamee & Jain and other f Equations:

Swamee & Jain (1976) [error gonl 1% from Colebrook equation]

= - for 10°* £ <10 and 5000 <Re < 10°
- 574 D
Inj027£ +E’”

Haaland (1983) {error about 1.5% from Colebrook equation]

| for 4000< Re <10

b5 2]

f=

Fully Rough/turbulent Flow:

1

Smooth Pipe flow for Hydraulically smooth pipes:
Blasius Equation: f = ?{3013 for 4000 < Re <10°

Colebrook’s Approximation: _ | 1

f—'—"——Re— for 4000 SRCS“)H
=R

Da. Nyt CVEG 4303P01 — Water Resources Engineering < Exam 01 <
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N = hm-‘h-i-'

Darcy-Weisbach Equation for friction headloss: Minor headloss Equation:
v? v?
[r) h, = -%— -2; h, = ZK -2_g : Where K = loss coefficient
~= 4 ==nt 5 Gy i b TGl - P i T
y T2 thT A kgt b @v%*n. o

Table 15.1 Roughness Values for Pipes

Equivalent Roughness, Hazen-Williams

Pipe Material e (ft) Coefficient, C
PVC, plastic Smooth 140
Brass, copper, aluminum, glass Smooth 140
Dawn tubing 5x10-6 —_
Castiron

new 8.0x 10" ¢ 130

old 100
Galvanized iron/ductile pipe 50x 10" 4 120
Asphalted iron 40x10~4 —
Wrought iron 1.5x 104 —
Commercial and

welded steel , 1.5%x10°4 120
Wood stave 200x 10" 4 120
Concrete 400x10- 4 130
Riveted steel ' 600x 10~ 4 110
Brick sewer 100

of
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Table 15.3 Minor Head Loss Coefficients

=, wem oo ) Loss Coefficient, K,
Entrance from tank to pipe
x,,,_) Flush connection 0.5
Projecting connection 0.8
Exit from pipe to tank 1.0
Sudden contraction (h,, =K,V /2g)
dy/d, =0.2 0.48
dy/d, =04 0.42
d,/d, =0.6 0.32
dyd, =08 0.20
dy/d, =09 0.05
Sudden enlargement (h,, =K V2 /2g)
d,/d, =09 0.04
d,/d,=08 0.13
d,/d, =06 041
d,/d,=04 0.71
d,/d, =02 0.92
Note: Subscript 1 refers to upstream and 2 refers to downstream section.
Table 15.3 Minor Head Loss Coefficients
item Loss Coefficient, K,
90° bend and 180° return—threaded 15
45° bend—threaded 0.4
90° bend and 180° return—flanged 03
45° bend-—flanged 0.3
Tee—threaded
throaghflow 09
branched flow 2.0
Tee—flanged
through flow 0.2
branched flow 1.0
Gate vaive {open) 0.19
Checkvatvetopen)— -20-
Globe vaive (open) 10.0
-Angle valve {open} 20
Butterfly valve (open) 03
é ' Note: Subscript 1 refers to u;;stream and 2 refers to downstream section.
2
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!,
Area, A= by + Ey'(mr +m,)

Wetted Perimeter. P = b+ y(\14 m} + 14+ m’)
Top Width, Tor B=h + y(m, +m,}

byi-; v:(m, +m.)

Hydraulic Radius. R = d =

Pobtyfiem +fl4m)

Area, A =by
Wetted Perimeter, P = 2,/b° + y°
Top Width, TorB=2b

by

A
Hydraulic Radius, R = — =
P Z;Jbz +y

Hydraulic Depth, D= —= ALy y
T 26 2

Manning’s Equations:

Velocity, V [mis] = L R*JS - (SI Units)
n

Velociny.vlst|=-'—4ﬁR“Js_ - (English Units)
n

Hazen-Williams Equations [Circular Pipes]:

English Units: Q [cfs], L [ft], D (f). H. [ft]

hy 4731 g Q - 0.432CD2.63S(154

L 'ClsstQ

Manning's Equations:

Discharge,Q[m“ls]:lAR“\/E - (SI Units)

Discharge, Q [ft'/s] ARS

Hazen-Williams Equations [Circular Pipes]:

- (English Units)

St Units: Q [m/s], L [m]. D [m], H. [m}
Q =0.278CD*®5°*

h

h 10704 e
L

CI.SSD487 Q

S =
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a) [50] Water (at 100 °F) flows from the reservoir shown below at a rate of 2.00 cfs. The water is
discharged into the atmosphere through a 6-inch concrete pipe, as shown in the figure. Answer the
questions below. Please note that it is not necessary to separately determine the minor losses in the

system in order to answer these questions. P=¢
_acrs QeNW =
p=2c 2 =N (M) '{ woe
o= LQ_‘H. - |
p= TN

I} [15}] Calculate the Reynolds Number (Re) for the flow in the 6-inch pipe. State whetheér the flow is

turbulent or laminar and why.

- _ Yowio-Y . > = Ol >
£ - -"'g—" 0.00% 0

<2000 '. -

7;020 \g . loahd) " Reynolds Number = ¥ @AY \:‘D
= = - W 1S 10taxed 1n tunov)
-:\-i D’B"leo 5 Laminar or @ vecjun ;?c e%:l:]lﬁ 2}53“’

11} |25] Determine the friction factor for the flow in the 6-inch pipe (using the friction factggequation provided ef L€ 7 40C

s

MOODY diagram). =% = I.IOx!,.n_ = &% (D _
h fi= %_l: [_Ni) What is the relative roughneéré of the pipe=_ B ( {*2.. 2
_ bt Ao ANV

8

o

Friction Factor =

[H) [25] Determine the friction HEA
he= @\1S0) k\ot\ql
55 U2

OSS {ft] for the flow in the 6-inch pipe ONLY if it

150 ft long.

i Friction headloss = ' 17- ift}
(b] [50] P8 L1 vty =128y
Three (3) pipes, a 12-in (1500 ft) new cast iron pipe (C=120), a 18-in (1000 ft) new cast iron pipe (C=12@) \)CAVD\\‘U
and 23000 ft 24-in ductile iron pipe (C=130), are arranged i ?7&3 &qiit'li‘;)uesn system. The assume&
total headioss in the piping system is limited to @ ft. Using the Hazen-Williams equalior, determine the w fd
equivalent length of the 18-in new cast iron pipe to repiace the pipes in series. Assume that specific weight of
water = 62.4 Ib/ft3,
Perform the necessary calculations (by completing the table below) to determine the length of the equivalent 16-in pipe for the
system. Assume a flow of 1. 59 cfs in your calculations for the equivalent pipe as provided in the table belo 'BAl D‘-\ 9
~$= WARMQHY) o
T Q.04
Pipe c Diameter [in] Diafft] | Qfcfs] S=HUL([] | Pipelen,L[ft] | HL=SL[ft]
1 \20| 12.0 I | 1500 |O.00M | (500 2.1
2 |[7D] 18.6 [ |5 | 1.580 |0.00D2 | 1000 0. L
3 [(30| 2140 | 2 1.500 [0.0000Y [ %000 Oa1
EQv | 120 | 1s.0 |5 1.5 | 0,0002 [ R/iDD |2 UL |2
EQV = Equivalent pipe; HL = Headloss; S = Slope of Energy grade line; Q = flowrate
g pip ) ggi(?\'\; - Wl EL& = I";bo°\
Calcutate the equivalent length of a 18-in pipe. e € Le= o®

Length of 18-in new cast iron pipe [ft] = \U

Da. Nyewi CVEG 4303P01 - Water Resources Engineering < Exam 91 <
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[a] [50]

Consider the channel show here, with a rough concrete lining

(n = 0.015). The dimensions are: b = 4.0@ m and the depth of flow,
y is 3.00 m. The channel slope, S is 3 m per 500 m.

D10) What is the Area of flow, A [m2]?
A= oly) = [Um)(dM) = 1m* |
Area of flow, A, [m2] = VL )ﬂ( /
1) [15] What is the Wetted perimeter, P [m]? v /
P ::-')_,S b4y =) (M) (BY = 1378=US) = 1om

: Wetted Perimeter, P [m] = ‘D /
l11) [10] What is the Hydrautic Radius, R [m]? v ;

=5 = & =\2m
T N
Hydraulic Radius, R [m] = \. -

V) [15) Whgb i% the Discharge, Q [m3/s]? }
Q =L AW ° NS %
" - L e Y Brses = VI A%nls

Discharge, Q [m%s] = '

(b) [S@]
A rectangular gate is hinged as shown. The gate
is 5 m high and 6 m wide.

The specific weight of the water is 10000.0 N/m?3

Water
(i) [20] Calculate the force, Fw [kN] on the gate I
due to the water 20 m

Fw N h A

(oxo) = 110D

Force on the gate, Fw = ’LIW {kN]
Calculate the force, S [kN] due to the stopper (sn/own) on the gate to keep the gate in the

closed position. S A = 12
o, S(6) - &

the gate closed, S = [kN]

Da. N,«« CVEG 4303P01 - Water Resources Engineering < Exom 61 < Spring 20‘22/&!42’7



10coL= /5, ®

The total discharge (flowrate) from A to B in the figure betow is 300 liters/s. Pipe lengths are: L1 = 150 m, and

9 L2 = 450 m. Diameters, are: D1 = 500 ‘n%rgjfgﬁz 250 mm. SO0 L. _ Ob?)ma/s
Do S ift=0.20Ugm
D,%m%).&_qpﬂt Q B_Q_.. lm - \ *\—
@ X
E——

Lyt
L;-%'Dt)rzn'l‘"L D2=0:28v

Determine {Using Darcy's equation] the headloss [m] and the flowrates [l/s) across A-B in pipes 1
and 2 if riveted steel iron pipes are used in the system and flow is FULLY TURBULENT.

10>
®= Q \"l'QQ_, 02, = % = LOO*IO-L‘: 0‘00'5'1 3 1:_ b 028
0.%= Qy¥Qy LY
AV '—l F?NIL Lz. e, = -UDN—OM 0.00% 72)»([0\‘% 0,03Y

APl 1000 = 371gm3/
0.02B (VDN 1S0) oosuw;}'{“ﬂwﬁatepipeﬁ (l{:%=o il —0d/c 3
=Wl -

R ACEDIGE-1) ’J.Loni\t%\\ Q‘qﬂ'ﬂ,}w_o_?ﬂ .ou@
TN (0.un 3B *
A Q, = V LA)

\) (0.te) = V2 (A0N) L~ Ve
Ny = Vp L2.0%8)

gfys_‘;f;l"“
1 |p2 ms] 0:0Dm3Ig = (000 = 2y j
®-1 D, mw u)\

2 - . 2 (‘ \ hL-h(_*tnM
- I'I-I_ko ot T OKK ID Ng: S 0.01BLBATS) Lm\ 0.95m

— Y-
T(0.60 V¥ 0.0uTVy) g  2OF
Y hm=5y __y_’-.:”f“\ WE‘J :
0% Lu) _OBISN, o .
\] 0‘51 oS Headloss pipe #1 [m] = 0.8dv Qr P
N, 1@5@@ ) hg= 0.0 (0STHUSO) 0,85 | 1o e wWh
] AN wlS 21019400 ;‘iv"“m
/ /f
8 Headloss pipe #2 [m] =_Q=‘Esll"> ‘/
Da. Npewt CVEG 4303P0t ~ Water Resources Engineering < Exam 91 <
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e T,

R’I( = O Y
Problem 4 [100] Clw = oam?ls ,03’3(\
Water (at 50 °C) with a discharge of 200 1/s fiows through a 400-mm, 160 m galvanized i
pipe (¢ = 0.16 mm) in the system shown below from right to left and there is a pump (E) in the system.
In other to calculate the minor losses, assume the following in the figure, A is a diffuser (K=4.5),Cisa
Check valve (open); E is the Pump; F represents three (3 — for redundnacy) ANGLE valves (open). The
elbows in the system are 90° threaded elbows and the tees (B and D) are threaded (through flow). For
the entrance minor loss from the RIGHT tank, assume K = 2.5. [Hint: see appropriate table values
provided in Exam for K values not provided) =N R S Ss+0.at
The flow is fully turbulent. The elevation difference is 60 m as shown. Q= Q4S04 &+

Answer the questions below. Y 4™ 1
= - '
SN e P, S - =0.20881
2 \ ¢ L tr=im
AE(EI— 1% 0.30ud
Tl =151
’0\ ’l—”\P—,U
|+ L1 E\ ¢
a) [10] What is the velocity of the flow [m/s] in the system? =~ @ w=1.S
Q-.:VA \);'.‘quls

Velocity of flow in the Pipe = .93 V' [mys]
b) |15] Determine the friction factor for the flow in the system - Y~ A, 000

-

v
e v ;3 = i
Friction factor for the flow in the Pipe = 0.0l L “,E
Moy

c¢) [15] Determine the minor headloss [m] for the flow in the system 4
hm=4y Vvt LS, 2 &1 N
7 L1 2Y) D/
9 cﬂ/l Minor headloss Pipe = 1.9 [m]

d) |20] Determine the friction headloss [m] for the flow in the system

he= ROWD - o.0ts BoONISD T _ p &32.m

————————

200 2(0M) (4.9

Friction headloss Pipe = O, %3 [m
e) {20| Determine the head supplied by the pump, E [m] to the flow

Hp= Br+vnioss

= (WO ¥ g
= o +2.21+05%L" 6b.0uLm £
Head of Pump 5 (g{OU2m

f) £15] If the pump in the system has an efficiency of 78%, determine the power (kW] supplied to t ump? X
PSR-
&

m . 02(w3. 00D =g LN P
-7 77%;) Power Supplied to Pump = 15\0. =~ [kw)

D N,m& CVEG 4303P01 — Water Resources Engineering <> Exam 01 < Spring 2022 9 of 12
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PRAIRIEVIEW

vt  Department of Civil & Environmental Engineering

CVEG 4303-P01 ‘Water Resources Engineering N Spring 2022
Dr. N Zewwr Exam @1

Thurs. Mar 10, 2022, 01:00 PM; SR Collins 205

Submit the entire exam the order given Name [PRINT] _Aum_&n_cﬂmab

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

400

All necessary equations are provided except for elementary relationships you are expected to master.
This is a CLOSED book exam. Please turn off all cell phones and mp3 players and place

them in your book bag in front of the class. Also put away ANY disallowed calculators.
Calculator POLICY (allowed calculators)

8 Casio: All fx-115 and fx-991 models {Any Casio calculator must have "fx-115" or *fx-991"in its model name.}
B Hewlett Packard: The HP 335 and HP 355 models, but no others
@ Texas Instruments: All TI-30X and T1-36X models {Any Texas instruments calculator must have “Ti-30%" or “TI-36X°in its model name.)

1) All cellphones/smartwatches MUST be placed in your book bag during exams and turned off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
cellphone/smartwatch (turned off) on Instructor's desk.

2) Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. Such action will be cheating.

3) CLOTHING: Hoodies are NOT Allowed during exams. No headphones (corded or wireless) are ALLOWED.

4) Calculator covers are DISALLOWED during tests and must be placed in students' book bags during exams.

5) There shall be NO SHARING of resources during the exam. Writing space will be provided in the test.

6) RESTROOM VISIT: if you need to use the restroom, do so before opening the exam. Once the exam begins,
you must submit your work to the instructor if you leave the classroom to visit the rest room (your exam
terminates).

7} You have 70 minutes to complete the exam. Please turn in your work on time.

8) Provide enough detail for each problem you solve. You earn points based on the details you provide.

9) Please work independently.

10) You are required to solve ALL problems.

Dishonesty or failure to adhere to instructions will result in a grade of ZERO (@ . @)

| pledge to abide by all the rules stated for this Exam
Signature: Q/ /Zn_ Date; 3; /N ‘-:/ T

NAME [PRINT, Lastname, firstname]:




REFERENCE VALUES AND FORMULAS {[Unless otherwise stated or implied, assume the following)

Density of water = 1000 kg/m3 (= 1.94 slugs/ft3) [at 4 °C) 1mile = 5280 feet
Specific weight of water = 9810 N/m3 (= 62.4 Ib/fi3) and at 4 °C } U ggg@vszs
Gravitational Acceleration, g = 9.81 m/s2 (= 32.2 ft/s2) 1 ;t;;e _ 640 acres
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 14.7 psi) 14 _ 0.3048
Gas constant for air, R = 287 J/kg.K = 1716 ft-lb/slug-°R =9 m
=10 1slug = 14.59kg
T K| =t]°C] +273.15
A 1 = 4.448N
T {°R] = t [°F] + 459.67
= 1Pa = 1.0N/m?
1Biu =778ftlb S
thp =7457W =550 ftlb - f.aolga
1m = 100 cm 25:4mm— 1.9in
tliter = 1000 cm?
1m = 1000 liter

Forces on submerged surfaces: Moment of Inertia for

a rectangular shape:

F = yhA

Location of Center of pressure, Y, =7+ i;;

i3
T

Buoyant Force:;
Fe = y(displaced volume)

Metacentric Height:

Reyn@ids Number:
_D_pp
v it

Re

Swamee & Jain and other f Equations:

' Swamee & Jain (1976) [error
| 13

f=
B e 54
Inj0.27 —
{ n[ D' Re” ]}

ut 1% from Colebrook equation]
- for 10"‘5-35 10 and 5000 <Re < 10*

' Haaland (1983) [error about 1.5% from Colebrook equation]

1 for 4000< Re < 10°

I EE

" Fully Rough/turbulent Flow:

ﬂ;‘—m{@)

"Smooth Pipe flow for Hydraulically smooth pipes:
' Blasius Equation: f = %‘3?- for 4000 < Re <10°
| ¢

f= | for 4000 <Re 10’

Re
1.8log| —
; 8(6.9)

Colebrook’s Approximation: 1

Ds. Nyt
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&

Darcy-Weisbach Equation for friction headloss:

Minor headloss Equation:

2 VZ

;= Y h, = ZK — ; Where K = loss coefficient
D 2g 2g

v _ B 1 ] e e

]

Table 15.1 Roughness Values for Pipes

Equivalent Roughness, Hazen-Williams

Pipe Material g (ft) Coefficient, C
PVC, plastic Smooth 140
Brass, copper, aluminum, glass Smooth 140
Dawn tubing 5x10 6 —
Castiron

new 80x 104 130

old 100
Galvanized iron/ductile pipe 50x 10~ 4 120
Asphalted iron 40x10"4 =
Wrought iron 1.5x10°4 —
Commercial and

welded steel 1.5x10"4 120
Wood stave 200x 104 120
Concrey \ 130

600x10-% 110

Brick sewer — 100

. Ny CVEG 4303P01 — Water Resources Engineering < Exam 01 < Spring 2022 3of 12




Table 15.3 Minor Head Loss Coefficients

item Loss Coefficient, K,
; " Entrance from tank to pipe T ' o
L ) Flush connection 0.5
Projecting connection 08
Exit from pipe to tank 1.0
Sudden contraction (hm =K Vi /2g)
dy/d, =02 0.48
d,/d, =04 042
d,/d, =06 032
d,/d, =038 0.20
d,/d, =09 0.05
Sudden enlargement (h,,, =K, V2 /2g)
d,/d, =09 0.04
d,/d,=08 0.13
dy/d;, =06 041
d,/d, =04 on
d\/d; =02 0.92

Note: Subscript 1 refers to t_l_p_s-t-;éam and 2 refers to downst:;.:am section,
Table 15.3 Minor Head Loss Coefficients
Ny

@ [tem

90° bend and 180° v —

-

Loss Coefficient, K,

15
45° bend—threaded 04
90° bend and 180° return—flanged 03
45° bend—flanged 03
Tee—threaded
_through flow e, 0.9
branched flow 20
Tee—flanged
through flow 0.2
branched flow 1.0
Gate vaive (open) 0.19
Check valve (open) —— 20
Globe valve {open) T 10.0
Angle valve (open) . 20
Butterfly valve (open) T T T s

-~ Note: Subscript 1 refers to upstream and 2 refers to downstream section.
\'-.‘ ’

Dr. Npui CVEG 4303P01 - Water Resources Engineering < Exam 01 < Spring 2022 4of 12



O)

Trapezoidal Channel

1
Area, A = by + -i;"{ml +m,)

Wetted Perimeter, P= b+ y(J1 +m’ + 1+ m’)
Top Width, TorB=b+y(m +m,)

A by + : _\':(m| +,)
Hydraulic Radius, R = — = =

P obyflam +f1em)

Area, A =by

Wetted Perimeter, P = 2\Jb” +y°
Top Width, Tor B=2b

. . A by
Hydraulic Radius, R = — =
s 2;}17’ +y

Hydraulic Depth, D-; by _y

262

Manning’s Equations:

Velocity, V [mis| =~ Teods @i Units)

Velocity, V {ft/s| =

R2 *JS - (English Units)

Hazen-Williams Equations [Circular Pipes):
English Units: Q [cfs], L [ft], D [ft}, H [ft]

hy 411 Q - 0'432CD2.63S(154

- L ClsstQ

Manning's Equations:
Discharge, Q [m'/s] = lAR?"z JS~ - (SI Units)
n

Discharge, Q [ft'/s]= 1486

AR**\JS" - (English Units)

Hazen-Williams Equations [Circular Pipes]:
Sl Units: Q [m¥s], L fm]. D [m)], H. [m]

Q — 0‘278CD2.63So.54

h, 10704 _

L C|85D487Q

Da. NJ&WL
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o ‘ 400 I
1 [100]

a) [50] Water (at 100 °F) flows from the reservoir shown below at a rate of 2.00 cfs. The water is
discharged into the atmosphere through a 6-inch concrete pipe, as shown in the figure. Answer the
questions below. Please note that it is not necessary to'separately determine the minor losses in the
system in order to answer these questions.

- & _ 0D T— A Y
v_l—_)]?i—@f_lo.mﬁg
(=]

I} [15] Calculate the Reynolds Number (Re) for the flow in the 6-inch pipe. State whether the flow is
x turbulent or laminar and why. ) ; : (7)
=N A
\b l; A b ?.
&\3: hv = @2-—-('-—- - Reynolds Number =_| -5
l‘\, L

Ir

LYe x107P
Laminar or Turbulent [Circle one]
IT) |25] Determine the friction fact_c{r for the flow in the 6-inch pipe {using the friction factor equation provided or
MOOQDY diagram). W0 158
¢ e What is the relative roughness of the pipe = + £ 8
w— pe = 1
Friction Factor = 1 0N ‘/wo '

I11) [25] Determine the friction HEADLOSS |ft] for the flow in the 6-inch pipe ONLY if it is 150 ft long.

fLvt
Friction headloss = \ } M ( - / [ft]

© "IN

By (9RG

W I < @39&%)([0.

[b] [50]
Three (3) pipes, a 12-in (1500 ft) new cast iron pipe (C=120), 2 18-in (100@ ft) new castiron pipe ((=120)
and a 3000 ft 24-in ductile jrop pipe (C=130), are arranged in series in a water distribution system. The | S02
total headloss in the piping system is-limited to 6@ f. Using the Hazen-Williams equation, determine the - L
equivalent length of the 18-in new cast iron pipe to replace the pipes in series. Assume that specific weight of )
water = 62.4 [b/ft>. TS
Perform the necessary calculations (by completing the table below) to determine the length of the equivalent 18-in pipe for the
system. Assume a flow of 1.5 cfs in your calculations for the equivalent pipe as provided in the table below.
Pipe c Diameter [in} Dia {ft] Q [cfs] S=HLUL[] | Pipelen,L[ft} | HL=S'L[ft]

1 || 12.0 g 1.500 | 5oy | 50 NV

2 |lw | 18.0 Y 1.50 | ,00% 19000

3 !_’3(5 24.0 T 1.500 103 %

EQV | 120 | 18.0 LS 1.500 | 6.0 o

EQV = Equivalent pipe; HL = Headloss; S = Slope of Energy grade ine; Q

~—.  Calculate the equivalent length of a 18-in pipe.

@

Da. Njuwi

Length of 18-in new cast iron pipe [ft] =

Lex Mo
S

o>

== —— S  —
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2 [100]

[al [50]

Consider the channel show here, with a rough concrete lining

(n = ©.015). The dimensions are: b = 4.80 m and the depth of flow,
y is 3.00 m. The channel slope, S is 3 m per 500 m.

)[10] Whatisthe Area ok flow, A [m2]? Zdw
&5 L)@ F emr
=

Area of flow, A, [m2] =

i) [15] What is the Wetted perimeter, P [m]?
S+ -

v - /
a3 Wetted Perimeter, P [m] =_ /O wq

ill) [10] What is the Hydraulic Radius, R [m]? v

g R L T B
Ll oy Tyt Hydraulic Radius, R [m] = k8
Discharge, Q [m?¥s]?

=¥ l'a)%\r?}; %\L

(b} [5@]
A rectangular gate is hinged as shown. The gate
is 5 m high and 6 m wide. ‘
The specific weight of the water is 10000.0 N/m?3

2
Discharge, Q [m3/s] = L

(i) [20] Calculate the force, Fw [kN] on the gate
due to the water om

= e =1, 50 & Sm
s

Force on the gate, Fw = '*&( [kN]

(ii) [30] Calculate the force, S [kN] due to the stopper (shown) on t‘@gate to keep the gate in the
closed position. MV,,KR
/ /
g TP

Force on stopper to keep the gate closed, $'=__ {300} _[kN]
e e
Da. Npeust CVEG 4303P01 — Water Resources Engineering < Exam 01 < Spring 2022 7of 12
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The total discharge (flowrate) from A to B in the figure below is 300 liters/s. Pipe lengths are: L1 = 150 m, and
e L2 = 450 m. Diameters, are: D1 = 500 mm, and D2 = 250 mm.

: . & = bo,6 x(o™
seM s
L;01, N -
(.= 300 . —= . b= 5 (S) =06
3 =" L_L-...‘.T(','L()L; 0'9

6o x| é{) L/ Q2
e T O ; — 2
’ / L2; D2

Kgl o / :1:”
ing Darcy's equation] the headioss [m] and the flowrates {I/s] across A-B in pipes 1

(o % 10 od steel iron pipes are used in the system and flow is FULLY "I"PRBULENT.
12 BAR Fo =) VU by ¥ VaAs fFLY -

- U\ (J‘I(D + V'L QUH'D Cl D

12 LMY, b (el Vo = 5P it
he = “L-, =3 € 21D N,

' 1
\W @ v Flowrate pipe #1 [iis] = A FH AN /S
T M DT Q.v\)@@ F (o _
b \f (c‘)(“) (uso) Q' U‘ng -
. o‘\>Q79(lq,5>
U= 23y
W kl—l = b

o SR o, Wm (@D gy,
b AL, 2pb, QIEOIOI
3 = (2% +(,o~n)o,, (oD -
= 5918y 2L
- ,@ * Headloss pipe #1 [m] = H(}Z <

V=08
S ‘;(.IQO\}’ J—(,g)(,oqg
\ - ?L\' = IV N>

‘\C i 07‘3 Headloss pipe #2 [m] = 1R

Da. Nyews CVEG 4303P01 - Water Resources Enginearing < Exam 01 < Spring 2022 hf(k—; /
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A
" Problem 4 [100] i 1

Water (at 50 °C) with a discharge of 200 1/s flows through a 400-mm, 100 m galvanized iron
pipe (¢ = 0.16 mm) in the system shown below from right to left and there is a pump (E) in the system
In other to calculate the minor losses, assume the following in the figure, A is a diffuser (K =4.5), Cis a
F" Check valve (open); E is the Pump; F represents three (3 - for redundnacy) ANGLE valves (open). The
elbows in the system are 90° threaded elbows and the tees (B and D) are threaded (through flow). For
the entrance minor loss from the RIGHT tank, assume K = 2.5. [Hint: see appropriate table vl
provided in Exam for K values not provided] Flow T
The flow is fully turbulent. The elevation difference is 60 m as shown.
Answer the questions below.

il

..._..._'L S 1L6% -

:—Trq_ 0‘4.)

[6x1™

C /u‘

o E o000 7
a) [10] What is the velocity of the flow [m/s] in the sys?em? ‘[’ - )

Velocity of flow in the Pipe = i 16 [m/s]
n-faciqr for the flow in the system

@ riction factor for the flow in the Pipe = @
c) |15] Determine the mi

dloss [m] for the flow in the system

[
i headloss Pipe =>\ m
e) [20] Determine the head supplied by the pump, E [m] to the flow
"y
Head of Pump =
fy  115] Ifthe pump in the system has an efficiency of 78%, detex he power (kW] supplied to the pump?
Ty
f ) .
C. P pplied to Pump\= [kW]

Ea—— T e e e s ———]
Da. NJN; CVEG 4303P01 - Water Resources Engineering < Exam 01 < Spring 2022 90f12
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AAlRHBIMGN  Department of Civil & Environmental Engineering
CVEG 4303-P01 Water Resources Engineering Spring 2022
D N zewor Exam 21

Thurs. Mar 10, 2022, 01.00 PM: SR Collins 205
Submit the entire exam the order given Name [PRINT] _MMNA l:’ﬂ M BA

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

@—
400

All necessary equations are provided except for elementary relationships you are expected to master.
This is a CLOSED book exam. Please turn off all cell phones and mp3 players and place
them in your book bag in front of the class. Also put away ANY disallowed calculators.
Calculator POLICY (allowed calculators)

B Casio: All fix-115 and fx-991 models (Any Casio calculator must have “fx-115" or “fx-991”in its model name.)
8 Hewlett Packard: The HP 335 and HP 355 models, but no others

@ TexasInstruments: All T1-30X and Ti-36X models (Any Texas Instruments calculator must have “T-30X" or “TI-36X“in its model name))

1) Al cellphones/smartwatches MUST be placed in your book bag during exams and turned off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
cellphone/smartwatch (turned off) on Instructor’s desk.

2) Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. Such action will be cheating.

3) CLOTHING: Hoodies are NOT Allowed during exams. No headphones (corded or wireless) are ALLOWED.

4) Calculator covers are DISALLOWED during tests and must be ptaced in students' book bags during exams.

5) There shall be NO SHARING of resources during the exam. Writing space will be provided in the test.

6) RESTROOM VISIT: if you need lo use the restroom, do so before opening the exam. Once the exam begins,
you must submit your work to the instructor if you leave the classroom to visit the rest room (your exam
terminates).

7) You have 7@ minutes to complete the exam. Please turn in your work on time.

8) Provide enough detail for each problem you solve. You earn points based on the details you provide.
9) Please work independently.

10) You are required to solve ALL problems. —

Dishonesty or failure to adhere to insffubtions will result in a grade of ZERQ-(G_. 0)

NAME [PRINT, Lastname, firsthame]: UAMBA . Moy
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REFERENCE VALUES AND FORMULAS [Unless otherwise stated or implied, assume the following]

Density of water = 1000 kg/m3 (= 1.94 slugs/ft3) [at 4 °C) 1 mile = 5280 feet
Specific weight of water = 9810 N/m3 (= 62.4 16/f13) and at 4 °C } UL AN gggg‘;'zds
Gravitational Acceleration, g = 9.81 m/s2 (=322 ft/sz) 1 :;;e ; 640 acre
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 147 psi) | ¢ - 7 S S
Gas constant for air, R = 287 J/kg.K = 1716 fi-lb/slug-°R 15l - 4.55 km
T K] =t[°C] +273.15 Slug = 14.59kg
. \ b = 4.448N
T [°R] = t [°F) + 459.67 A
1By =778 ftib AT e
thp  =7457W =550 ftlb - r.a0lga
1m = 100 cm 254mm = 1.0in
1liter = 1000 cm?
1m! = 1000 liter
Forces on submerged surfaces: Moment of Inertia for a rectanqular shape:
F = yhA b
XX 12

Location of Center of pressure, yp=F+ Lo

AV
Buoyant Force:
Fg= Y(displaced volume)

Metacentric Height:

Reyn@ids Number:

VD VD

Re=-— =22
v i

Swamee & Jain and other f Equations:

¥ for 10°

w ! ot 3]

Swamee & Jain (1976) [error %bout 1% from Colebrook equation]
D< 10 * and 5000 <Re < 10°

| Haaland (1983) [error about 15% from Gulebrook equation]

1 for 4000< Re < 10°

I e Sk

f=

| Fully Rough/turbulent Flow
[

|

N0 370)
£

' Smoin‘.h Pipe flow for Hydraulically smooth pipes:
0318 for 4000 < Re <10°
Re

[

Colebrook‘s Approximation: le L

=

Blasms Equation: f =

| for 4000 SRe S10°

|
1
i
iy
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A

Darcy-Weisbach Equation for friction headloss:

Minor headloss Equation:

V2 V2
h, = % —2; h, = EK 5; ; Where K = loss coefficient
\I
AW, BV, . *%ﬂfﬁ%u& . *’i#ﬁ;e . M:, |
y 28 'y 2 ? baagil Al il e B Oy \

Table 15.1 Roughness Values for Pipes

Equivalent Roughness,

Hazen-Williams

Pipe Material e (ft) Coefficient, C
PVC, plastic Smooth 140
Brass, copper, aluminum, glass Smooth 140
Dawn tubing 5x10"6 —
Castiron

new 8.0x 10" ¢ 130

old 100
Galvanized iron/ductile pipe 5.0x 10" 4 120
Asphalted iron 40x10"4 —
Wrought iron 1.5x 104 ~
Commercial and

welded steel 1.5%x10°4 120
Wood stave 200x10-4 120
Concrete 400x10-4 130
Riveted steel 60.0x 10" ¢ 110
Brick sewer — 100

D NJ’"‘" CVEG 4303P01 - Water Resources Engineering <> Exam 91 < Spring 2022 3of 12
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Table 15.3 Minor Head Loss Coefficients

Item Loss Coefficient, K,
Entrance from tank to pipe S - T
Flush connection 0.5
Projecting connection 08
Exit from pipe to tank 1.0
Sudden contraction {h,, =KV /2q)
dy/d, =0.2 0.48
dy/d, = 0.4 042
d,/d, =06 0.32
d,/d, =08 0.20
dy/d, = 0.9 0.05
Sudden enlargement (h,, =K,V /2g)
d,/d, =09 0.04
d,/d, =08 0.13
d,/d, =06 0.41
d,/d, =04 0.71
d,/d,=02 0.92

Note: Subscript 1 refers to upstream and 2 refers to downstream section.

Table 15.3 Minor Head Loss Coefficients

Item Loss Coefficient, K,,,

90° bend and 180° return—threaded
45° bend—threaded
90° bend and 180° return—flanged
45° bend—flanged
Tee—threaded
through flow
branched flow
Tee—flanged
through flow
branched flow
Gate valve (open)
Check valve (open)
Globe valve {open)
Angle valve (open)
Butterfly valve (open)

15
04
03
03

09
2.0

0.2
10
0.19
20
100
2.0
03

Note: Subscript 1 refers to upstream"and 2 refers to downstream section.

D, Npews CVEG 4303P01 ~ Water Resources Engineering < Exam 01 <
JMlk
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Trapezoida! Channel

S

¢

I, Area, A = by
Area, A= by + —y (m +m,) —
2 Wetted Perimeter, P = 24/b° + y*
Wetled Perimeter, P = b+ y(y/1+m + 1 +m’) Top Width, T or B =2b
Top Width, TorB=b + yim, +m,) Hydraulic Radius, R = 2 = f’r
[, P 2;}b' +y!
A by+ _viim +m,) A b
Hydraulic Radius, R = - = 2 - - Hydraulic Depth, D=—= 2.2
P obastfien +J1em!) T 2 2

Manning's Equations: Hazen-Williams Equations [Circular Pipes]:
| English Units: Q [cfs], L [ft], D [#], H. [fl]
Velocity, V [mis]= —R**JS  -(SI Units)

~ n h, 4T3 0| o= 0430CD 05

@ Velocity, Vlft!slr—ﬂRz"‘JS_ - (English Units) =‘Z_C‘35Dm
n
Mﬂiﬂié_&w_a_tlgn_srl Hazen-Williams Equations [Circular Pipes]:
Discharge, 0 [m'/s)= - A"V - (SI Unity S1 Unis: Q i} L fm].D {m] . m]
n
_ 263 o054
Discharge, @ (f/s)= 8 AR** /5 - (Engish Unitsy | @ = 0-278CD*®'S
n
S—fi— 10.704 Q'BS
- L - C|35D4.31

©
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1 [100]

a) {50] Water (at 100 °F) flows from the reservoir shown below at a rate of 2.00 cfs. The water is
discharged into the atmosphere through a 6-inch concrete pipe, as shown in the figure. Answer the
questions below. Please note that it is not necessary to separately determine the minor losses in the
system in order to answer these questlons

Q:UA 2 V- ¥ %% - 0198
@LWF;N"O?Z)“JH SX

I) [15] Calculate the Reynolds Number (Re) for the flow in the 64
turbulent or laminar and why.

K(_,-: _\_I_D. - ’0'19 x 'léL 663 Reynolds : :
v 0-}3) (7 G}/I Turbulent

[Circle one]
I) |125] Determine the friction factor for lhe flow int ch pipe (using the friction factor equation provided or
MOODY diagram).
|- s What is the relative roughness of the pipe = ™\, ¥l .
Friction Factor = >< f\]
ft1) [25] Determine the HEADLOSS [ft] for the flow in the 6-inch pipe ONLWH is 150 Iy long.
Friction headloss = \ / / [ft]
ib] [50]
Three (3) pipes, a 12-in (1500 cast iron pipe (C=120), a 18-in (1000 ft) new caslifon pige (C(=120)

and a 3060 ft 24-in ductile iron pipe (C=130), are arranged in series in a water distfibution system. The

total headloss in the piping system is limited to 6@ ft. Using the Hazen-Williams equation, determine the
equivalent length of the 18-in new cast iron pipe fo reptace the pipes in series. Assume that specific weight of
water = 62 4 Ib/ft*,

Perform the necessary calculations (by completing the table below) to determine the length of the equivalent 18-in pipe for the
system. Assume a flow of 1,50 cfs in your calculations for the equivalent pipe as provided in the table below.

Pipe C Diameter [in} Dia {ft] Q [cfs) S=HUL[] | PipeLen, L [ft] HL = S*L [/]

1 [0 | 120 | | 1.500 | 0 iy 3 15 A5

2 {70 | 18.0 | .5 1.500  |g.p {8 | 100 Y 0-19¢

3 /50 24.0 A 1.500 o-mq\? 0.~
EQv| 120 | 180 | |4 | 1.500 T~
EQV = Equivalent pipe; HL = Headloss; $ = Slope of Energy ine\Q =Ylowrate

Calculate the equivalent length of a 18-in pipe.

Length of 18-in new cast iron pi

Dr. Nyews CVEG 4303P01 — Water Resources Engineering < Exam 01 < Spring 20
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2 [100]

[a] [50]

Consider the channel show here, with a rough concrete lining

(n = 0.015). The dimensions are: b=4.00 m and the depth of flow,
y is 3.00 m. The channel slope,Sis3 m per 500 m.

[10] Whatis the Area of flow, A [m2]?
Az by T hamxde - ‘lz,.quf_i

Area of flow, A, [m2] = \J m

) [15] What is the Wetted perimeter, P [m]?
Paaf b‘+3"i Do\ B AT s

Wetted Perimeter, P [m] =
ill) [10] What is the Hydraulic Radius, R [m]?

A= A = L s K |
p 10 Hydraulic Radius, R[m] = __ 1" &
IV) [15] What is the Discharge, Q [m®/s]?
. y " ol
Q- LASe BT . Q. x/w!-
m Discharge, Q [m¥s] =
(b) [50] C)/,\ -
A rectangular gate is hinged as swun. The gate

is 5 m high and 6 m wide.
The specific weight of the water is 10000.0 N/m3

(i) [20] Calcutate the force, Fu [kN] on the gate
due to the water

4= 30 m?
FN -~ 300 KN

Force on the gate, Fw =

(ii) [30] Calculate the force, S [kN] due to the stopper (shomf on'the gate to keep the
closed position.

®

Force on stopper to keep the g;té closed, S=

Ds. Nyews CVEG 4303P01 — Water Resources Engineering < Exam 01 < Spring :
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3 [1e0]

The lotal discharge (flowrate) from A to B in the figure below is 300 liters/s. Pipe lengths are: L1 = 150 m, and

% L2 = 450 m. Diameers, are: D1 = 500 mm, and D2 = 250 mm, (Q - 0.3 MS /5
@ Lol Vi: g— 2 28 E—.—i —_ I'5M
0 Q ﬂ- (0‘5) I(ﬂff)?/
—_ la B.___.Q ) 11
@ g 5 -,
— \[L _ = b /WI/5

My [ovsp
Determine {Using Darcy's equation] the headloss [m] and the fiowrates [/s] across A-B in pipes 1
and 2 if riveted steel iron pipes are used in the system and flow is FULLY TURBULENT.

/{ /I (Q\‘-\/lfq, S 153x ] 0’5)1
§v™

Flowrate pipe #1 [lis] =

Headloss pipe #1 [m} =

@ - W

Headloss pipe #2 [m] =

o

Da. Npewi CVEG 4303P01 - Waler Resources Engineering < Exam 01 < Spring 2022 8
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' Problem 4 [100]

Water (at 50 °C) with a discharge of 260 1/s flows through a 469-mm, 108 m galvanized iron

pipe (¢ = 0.16 mm) in the system shown below from right to left and there is a pump (E) in the system.
in other to calculate the minor losses, assume the following in the figure, A is a diffuser (K =4.5), Cis a
Check valve (open); E is the Pump; F represents three (3 - for redundnacy) ANGLE valves (open). The
eibows in the system are 90° threaded elbows and the tees (B and D) are threaded (through flow). For
the entrance minor loss from the RIGHT tank, assume K = 2.5. [Hint: see appro
provided in Exam for K values not provided]
The flow is fully turbulent. The elevation difference is 60 m as shown.
Answer the questions below.

ik
|

]

a) |10] What is the velocity of the flow [m/s] in the system? \1 - g_f._.z-— e '57

Velocity of flow in the Pipe =
iction factor for the flow in the system ~] e -

b) |15) Determine

- 3 ke
Frictio % he flow in the Pi -0 000’6 ] o

c) |15] Determingtife minor headloss [m] for the flow in the system '
7
. i c—ﬂ { A - XL/
J

Minor headloss Pipe = [m]
d) [20] Determine the friction headloss [m] for the flow in the system

i 115] If the pump in the system has an efficiency of 78%, determine th

Da. Npews CVEG 4303P01 — Water Resources Engineering < Exam 01 <
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CVEG 4303
WATER RESOURCES ENGINEERING
SPRING 2022

Title of Assignment: Exam 02

TOPICS COVERED in Exam 02

Exam 02 covered the following topics:

Application of Hardy Cross method in a looped water distribution system
Selection of a pump given System Head curve and Characteristic curve:
operating point, pump efficiency, power/head supplied, flowrate
Application of hydraulic elements of circular pipes table to determine flow
parameters in a circular open channel
Implementation of Rational Method: determination of time of
concentration, average Runoff Coefficient (non-homogeneous
watershed), design Rainfall Intensity and peak flowrate







KA DRAIRIEV W Department of Civil & Environmental Engineering

CVEG 4303-P01 Water Resources Engineering Spring 2022
Dr. Nzew: Exam 02

Thurs. April 21, 2022, 01:00 - 2:20 PM; SR Collins 205

Submit the entire exam the order given Name [PRINT)

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

400

All necessary equations are provided except for elementary relationships you are expected to master.
This is a CLOSED book exam. Please turn off all cell phones and mp3 players and place
them in your book bag in front of the class. Also put away ANY disallowed calculators.
Calculator POLICY (allowed calculators)

7)
8)
9)

B Casio: Allfx-115 and fr-991 models {Any Casio calculator must have “fx-115"or *fx-991"in its model name)
B Hewlett Packard: The HP 335 and HP 355 models, but no others

B Texasinstruments: All TI-30X and T1-36X madels (Any Texas instruments calculator must have *TI-30X" or “T1-36X"in its model name.)

All cetlphones/smartwatches MUST be placed in your book bag during exams and turned off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
celiphone/smartwatch (turned off) on Instructor's desk.

Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the testfassignment. Such action will be cheating

CLOTHING: Hoodies are NOT Allowed during exams. No headphones (corded or wireless) are ALLOWED.
Calculator covers are DISALLOWED during tests and must be placed in students’ book bags during exams
There shalt be NO SHARING of resources during the exam. Writing space will be provided in the test
RESTROOM VISIT: if you need to use the restroom. do so before opening the exam. Once the exam begins,
you must submit your work to the instructor if you leave the classroom to visil the rest room (your exam
terminates)

You have 7@ minutes to complete the exam. Please turn in your work on time.

Provide enough detail for each problem you solve. You earn points based on the details you provide.
Please work independently.

10) You are required to solve ALL problems.

Dishonesty or failure to adhere to instructions will result in a grade of ZERO (0.0

| pledge to abide by all the rules stated for this Exam

Signature: 4 QAW/—

NAME [PRINT, Lastname, firstname}: | O L»Ll\& OO:{'\P tved

Date; O—4-21 -2 72
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REFERENCE VALUES AND FORMULAS {Unless otherwise stated or implied, assume the following]

Density of water = 1000 kg/m3 (= 1.94 slugs/ft3) [at 4 °C} Imile = 5280 feet
Specific weight of water = 9810 N/m3 (= 62.4 Ib/ft3) and at 4 °C 1 Jle G 1762 V;’;’S
Gravitational Acceleration, g = 9.81 m/s2 (= 32.2 ft/s2) ’ z:;e _ 62; a@
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 14.7 psi) 11t _ 0 39:rses
Gas constant for air, R = 287 J/kg.K = 1716 f-Ib/slug-°R 1 i k'“
T [K) =t [°C} +273.15 1::"9 = 1 ﬁg 5
T [°R] = t [°F] + 459.67 1P _ 1.0NI )
1B =778l TR
1hp =7457W =550 ftib - r.aclod
im = 100 ¢m 254mm = 1.@in
1liter = 1000 cm?
1m = 1000 liter
Forces on submerged surfaces: Moment of Inertia for a rectanqular shape:
F=vhA bi3
/ Iix = '1'5
Location of Center of pressure, y . y+ -—g
Buoyant Force: Metacentric Height:
Fg = y(displaced volume) -

Reynolds Number:

Vi VD

voou

Swamee & Jain and other f Equations:

1.325

f= T
e 574
{ln{O.Z'i 5 + @]}

Swamee & Jain (1976) [error about 1% from Colebrook equation]
for 10 s%sm * and 5000 <Re < 10°

{—1 3 log[(o—“i)le-)l 1+ %g]}

f=

Haaland (1983) [error about 1.5% from Qolebrook equation]

1 for 4000< Re<10°

Fully Rough/turbulent Flow:

f:....._..._...._

1
uog(ﬂ) I
E -

Smooth Pipe flow for Hydraulically smooth pipes:

Blasius Equation: f = % for 4000 < Re £10°
e

Colebrook’s Approximation; 1

[
fz = for 4000 < Re 510
| &
18log —)
| {6.9

D, Nyw& CVEG 4303P01 — Water Resources Engineering < Exam 02 < Spring 2022 20of 13




Darcy-Weisbach Equation for friction headloss:

Minor headloss Equation:

VZ
h, = ZK ; Where K = loss coefficient

2

YQH,

BHP= [FLT '] (English units) fhp]

550n

YQH, i
BHP = ~ [FLT"'] (metric units) [Watts)

Pumps in Parallel
Combined efficiency, n= —Qii—%—
~A 4 _Q_E

Ma N

Pumps in geries
Combined efficiency, n= iLH—E—
. ....H_ﬁ_

My N

@ Table 15.1 Roughness Values for Pipes

Equivalent Roughness,

Hazen-Williarns
Coefficient, C

Pipe Material g {ft)
PVC, plastic o "~ “Smooth
Brass, copper, aluminum, glass Smooth
Dawn tubing 5% 10~ ¢
Castiron
new 8ox10°1
old
Galvanized iron/ductile pipe 5.0x10"4
Asphalted iron 40x10" 9
Wrought iron 15%10"4
Comnercial and
welded steel 1.5%10" 4
Wood stave 200x 10~ 4
Concrete 400x 104
Riveted steel 60.0 x 10~ 1
Brick sewer _—

140
140

130
100
120

120
120
130
110
100

®)

. Ny CVEG 4303P01 — Water Resources Engineering < Exam 92 < Spring 2022
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Table 15.3 Minor Head Loss Coefficients

ltem Loss Coefficient, K,
Entrance from tank to pip'e o T
Flush connection 0.5
Projecting connection 038
Exit from pipe to tank 10
Sudden contraction (hm =K,V}/2g)
dy/d, =02 048
d,/d, =04 0.42
d,/d, =06 0.32
d,/d, =08 0.20
dy/d; =09 0.05
Sudden enlargement (h,, =K,V /2g)
d,/d, =09 0.04
d,/d, =08 0.13
d,/d, =06 0.41
d,/d, =04 0.71
d,/d, =02 0.92

Note: Subscript 1 refers to upstream and 2 refers to downstream section,
Table 15.3 Minor Head Loss Coefficients

item Loss Coefficient, K,
90° bend and 180° return—threaded 1.5
45° bend—threaded 04
90° bend and 180° return—flanged 03
45° bend—flanged 03
Tee—threaded

through flow 09

branched flow 20
Tee—flanged

through flow 0.2

branched flow 1.0
Gate valve (open) 0.19
Check valve (open) 20
Globe valve (open) 10.0
Angle valve (open) 20
Butterfly valve (open) 03

Note: Subscript 1 refers to upstream and 2 refers to downstream section,

Da. N,w& CVEG 4303P01 ~ Water Resources Engineering < Exam 02 < Spring 2022 40§13



Trapezoidal Channel

b

Area, A =by+ -;-y!{m, +m1,)

Top Width. Tor B= b+ v(m, +m,)

Hydrzulic Radius, R = a =

Wetted Perimeter, P = b + y(\]l + mf +l+ m_ )

I,
by + - v (m +m,)
2

Pobayflemd +14m)

SRemgess S
Area, A =by
Wetted Perimeter, P = 2Jb* + y°

Top Width, TorB =26
A by

Hydraulic Radius,R = —
P 2;]b2 +y

Hydraulic Depth, D = — = —=- = -2)1

Manning’s Equations:

Velocity, V (mis)= L RS - (SI Units)
n

\/elocity,Vlftlslz—I-fﬁln"\’mufsT - (English Units)
n

Hazen-Williams Equations [Circular Pipes]:
English Units: Q [cfs], L [ft), D [ft], Hy [f)

b 47

= - 263 ol
== w0 [0=0432002°5"

Manning’s Eguations:

1 486

Discharge, Q {m’/s] = lAR“’x/S_ - (SI Units)

Discharge, Q [ft’/s}= —— AR**\/S - (English Units)

Hazen-Williams Equations [Circular Pipes]:
S! Units: Q [m¥s], L [m), D [m], He [m]

Q =0.278CD**s**

_h, _ 10704

L CIBSD4.87 QIBS

For critical flow, Fr = v_
JgD
For critical flow, V = /gD
For critical flow, Q = V*A = A/gD
For normal flow, Z = AR*®

For critical flow, Z = A\/E

D N;wé CVEG 4303P01 - Water Resources Engineering < Exam 02 < Spring 2022 50f 13
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Table 14.1 Geometric Elements for a Circular Section

¥y A Pu 8 T b ab  m
d d? d, d d, d FHE PLE
001 0.0013 02003 00066  0.1990 00066 00001  0.0000
0.05 0.0147 04510 00326 04359 00336 00027 00015
0.10 0.0409 06435 00635 06000 00682 00107  0.0065
0.15 00739 07954 00929 07141 01034 00238 00152
020 01118 09273 01206 08000 01398 00418 00273
025 01535 10472 01466 08660 0.1774 00646 00427
0.30 01982  1.1593  0.1709 09165 02162 00921  0.0610
035 02450 12661  0.1935 09539 02568 01241 00820
0.40 02934 13694 02142 09798 02994 01603  0.1050
¢ 045 03428 14706 02331 09950 03446 02011  0.1298
050 03927 15708 02500 10000 03928 02459  0.1558
055 04426 16710 02649 09950 04448 02949  0.1825
0.60 04920 17722 02776 09798 05022 03438 02092
0.65 05404 18755 02881 09539 05666 04066 02358
0.67 05594 19177 02917 09404 05948 04309 02460
0.70 05872 19823 02962 09165 06408 04694 02608
0.75 06318 20944 03017 08660 07296 05392 02840
0.80 06736 22143 03042 08000 08420 06177 03045
085 07115 23462 03033 07141 09964 07098 03212
0.90 07445 24981 02980 06000 12408 08285 03324
0.94 0.7662 26467 02896 04750  1.6130 09725 03353
095 0.7707 26906 02864 04359 17682 10242 03349
1.00 0.7854 31416 02500  0.0000 oo o 03117
* Maximum flow occurs at 0.94 full depth.
e S - e B
tc {minutes], = Q%—%E : L [ft}and S [fVA1) S

Where,

a, b and ¢ are local parameters for a given return period, T in yeaxs
D = rainfali duration in hours.

' C= Runoff coefficient
i 1 = Rainfall Intensity (in/hr)
| A = Area in Acres

Da. Nyeaw CVEG 4303P01 — Water Resources Engineering < Exam 02 <
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O

45

400
1 [109]
b 1 Clockwise flows are POSITIVE
—""g -y s
L J
/)
_:{:.ll I e .
S T ’
I

The table below provides data for the application of the Hardy Cross Method.

PROVIDE THE FLOWS FOR THE GRAY FIELDS/ONLY (see problem b, below) =" 3 _(z‘:ci hq
Final Flows after 9 iterations [Clockwise Flows are Positive] 2

itera Loop Pipeline Len diam K Qa [cfs]  headloss, hf  |hi/Qf Correction, Final Q

tion [fl]  [in] T2 Blels] /[efs)

AB | 4000 12 [1813 2.215 8.9145 40207 |-0.0¥1[2. 71
BE 2000 6 0017 0.960 26.7617 278668 [~ ﬁ 0.9

: EA | 1500 | 6 12783 | -1.285 | %8213 & -l.2@a
SRS i
9 Corrections Loop1 &1 chs)= 0.002 Loop 82 [cls]= -0.004
BC 3000 8 10329 | 1.757 aerst 1 o1st Lo o A5 X s
2 CD 2000 8 6.886 0.257 0.4538 17677 | _ 0_06;‘6153/ /
DE [3000] 8 10320 | .0.743 | 57066 | 7615 | (>.08 |- .74 M
EB 2000 6 - 29.018

a)(49] Complete the CORRECTION and Final Q (flows) columns for the table given (GRAY fields ONL

§=she - Lo oo
25l T )H5a%08) S - e
X ) 2% . Bb6 -T2
g - W—*“T’ie\#
b)[20] Complete the highlighted Q] in the table given (IGRTBIISHBIESIONLY)

ABtB = BE+vBL

¢)[40] With reference to the FINAL flows values: e= BEAE-ED

Filtin ALL meﬂom;:‘:t’::? :nz the ﬁgu_rgEAcr_iD please fill in thJe glropn:tejeld: békiw):AE 5. (\-’283)”.

InflowatB=__ O. 49% B= Bes BC- AR S 0.2V T
Outflow (withdrawal) at C = 1.5 / o] B+ ARE=EAED - 217
Outflow (withdrawal) at D = | V@}L/r c= BC-CD = 1.5 b

Outflow (withdrawal) at E = . 49% V\ ] © = ED+ AAVE

Ds. Ny CVEG 4303P01 - Water Resources Engineering <> Exam 02 < Spring 2022 ?cﬁu,/
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2 _[100] consider a pumpin in a pressurized flow.
For the given system, the specific weight of the liquid being
pumped, y = 67.0 Ib/f. The graph shown provides the

system and pump characteristics (performance) curves "
There are multiple identical pumps (2} in the system
The right Y-axis is for the efficiency %] of the pump. e

Determine:
(a) [59] The operating point data for the

combined system [complete]:
System Operating Head [ff]= _ | O O ‘

(Show how you obtained it on the graph

It} Operating system flowrate [gpm] =
(Show how you obtained it on the dcaph)

/ i) Operating efficiency for 1 pump [%] = 22
L? (Show how you obtained it on the graph) :

~_‘3V) Operating Head for 1 pump [ft] =
(Show how you obtained it on the graph)

V) Operating flowrate for 1 pump [gpm]= __\ e
(show how you obtained it on the graph)

(b) [15] What type of pump arrangement is in this system?

\@f rC|!e] arangementand WHY? = \o/C. ON

(c) [35] Calculate the power supplied by the pumping system [hp] to the flow .
HINT: calculate the combined system efficiency first
0 ) (100 ) )

V‘/\ -~

VR Y one B U TR
i — B O =
oL = o0 o, s U2

4

= \é&)/ -,’{6
/Y\/:O;"t% (-\ - ,_...—A-\— al 9]"_?- * *,g%g?‘-,
W A g 210 7211

O} Power supplied by pumping system [hp] = ,\/

— N

Da. Nyewi CVEG 4303P01 - Water Resources Engineering < Exam 02 < Spring 2022 /
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:‘.O' =
3 [100] J

Suppose a circular channel with a diameter of 1.00 m is used to convey stormwater, at a depth of 0.45 m and

~ Manning's roughness, n = @.@13 for the lining of the channel. Provide answers for the following questions.
Q [Hint: You may use Table 14.1 which has been provided. Do not interpolate, use the closest value - if appropriate]

(a) [20] whatis the hydraulic radius [m] for the flow condition [m]?

Sh Il work.
°wa;; e A= Lon 6.2321= “lio
S -2
C_J,_'_,:\-§—:. ()"15 ]Z © gg\

-

|
Hydraulic Radius [m] = _Q - 23/’3\
i V4

(b) [25] Whatis the discharge [m3/s] if the channet slope is 5%

: : : =gy G St 140
P=0.298C DSOS =%
0,3%28:*%\,,2 A= 63429 700

(€9 I ARz/ar
) . (o 342%) (o- 2?3|)"‘/3£<> ¢S

&0
Discharge of flow [m3/s] = X

C@‘_ (c) [25] Whatis the hydraulic depth [m] for the flow?
2D\ = O 344

Hydraulic Depth of flow [m] = o v
(d) [3@] Whatis the Froude Number { ] for the flow?
N c. Syt L g
. o - T8h3Te
= VA /
223 _ gy
V= \ 22 V= %‘ = (0.3419% - S
O Froude Number of flow[]= 2 6}_+
Da. Nypewi CVEG 4303P01 - Water Hesources?ngineering S Exam 02 ©
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Problem 4 [100]
You have been hired by local H&H firm, AlHydrologicsMax, to design the drainage system for the area below in Watershed,

TX. The IDF (Intensity Duration Frequency) curve parameters are: A = 212 and B = 20 for a return period of 15 years.
,ﬁ Rainfall ntensity,  fivhe] = 2 6= CcIA
C/’ s s the rainfall duration in minu “rd_ Yo i tme of
‘/ ;{ 3{ e inance) is 15 mmutes,
peond table below and the other

The velocity of fiow in the pipes (manhole to manhole in the sewer system) is given in the se
data for watershed are given in the first table. Your primary goal is to calculate the peak flo
and C for the 15-year design rainfall. Use the Rational Method.

Data for the watershed _ 3 2@ (2P
C niet Travel - %%gg
SECTION | Value | Length| Slope | Areafac] | time [min] 0.0 )
it %] (o o. P*
A 0.5 | 2000 4 oo?g(\'zcb)
B 04 | 1200 6 Ty
C 0.7 ! 4500 2 &) 0.3%5
Total Area [ {5

Data for the sewer system XS
Manhole Segment | Length [ft] | Velocity” | Travel time {min} R aal "\
2-3 350 35 L& bW

Provide sample calculations for the first row at the right of above tablg
a)[45] Calculate the time of concentration (using manhole 3 as the reference point or outlet) by completing the table

of the 2 tables above.
@ Complete the table below

Travel Path [inlet-Man#1-Man#2-...Outlet] Time of trayel [mhyl

A->1->2->3 A,37Rx {ffodiaF 3;?1 .?llm%\

1397 23 i [«
B37 > 2 . D VO

C. ] 7. [ e v NAax timne

3 table . .33 v

Provide sample calculation for the first row belo

Design Rainfall
¢) {15] Composite Runoff Coe |0|en(t..g qooyt (H-290) + (3 - FSG) ®2L5

gl aC -
(= z‘Z’ HOOY 750+3SO

Runoff Coefficient [2 decimal places), C= (5.5
d) {20] The peak rynioff for ABC (Using Rational Fo

O G= (oI

Da. Nyewi CVEG 4303P01 - Water Resources Engineering < Exam 02 <
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PDRATRIE VW

sl Department of Civil & Environmental Engineering

: CVEG 4303-P01 Water Resources Engineering Spring 2022
O Dr. Nzewe ExamMm O2

Thurs. April 21, 2022 01:00 — 2:20 PM; SR Colling 205

Submit the entire exam the order given Name [PRINT] N A 'H\ A nig ' S’mx ‘]’h

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

400 \

All necessary equations are provided except for elementary relationships you are expected to master.
This is a CLOSED book exam. Please turn off ail cell phones and mp3 players and place

them in your book bag in front of the class. Also put away ANY disallowed calculators.

1)

7)
8)

9)

Calculator POLICY (allowed calculators)

B Casio: Al fe-115 and f-991 models (Any Casio calculator must have “fx-115" or “5%-991"in its model name.)
B Hewlett Packard: The HP 335 and HP 355 models, but no others
B Texas Instruments: Alf T1-30X and TI-36X models (Any Texas Instruments calculator must have *T1-30X" or “T1-36X"in its model name )

All cellphones/smartwatches MUST be placed in your book bag during exams and turned off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
cellphone/smartwatch (turned off) on Instructor's desk.

Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. Such action will be cheating

CLOTHING: Hoodies are NOT Allowed during exams. No headphones {corded or wireless) are ALLOWED
Calculator covers are DISALLOWED during tests and must be placed in students’ book bags during exams
There shall be NO SHARING of resources during the exam. Writing space will be provided in the test
RESTROOM VISIT: if you need to use the restroom, do so before opening the exam Once the exam begins,
you must submit your work to the instructor if you leave the classroom to visit the rest room (your exam
terminates)

You have 7@ minutes to complete the exam. Please turn in your work on time.

Provide enough detail for each problem you solve. You earn points based on the details you provide.
Please work independently.

10} You are required to solve ALL problems.

Dishonesty or failure to adhere to instructions will result in a grade of ZERO (@ . 9)

O

Signature: é Date: 1/21/2022

NAME [PRINT, Lastname, firstname]: g‘i’hi'H\ . NOlH\QniP\
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REFERENCE VALUES AND FORMULAS [Unless otherwise stated or implied, assume the following]

Density of water = 1000 kg/m3 (= 1.94 slugs/ft3) [at 4 °C] 1mile = 5280 feet
Specific weight of water = 9810 N/m3 (= 62.4 1b/ft3) and at 4 °C : s gggngzds
Gravitational Acceleration, g = 9.81 m/s2 (= 32.2 ft/s2) 1 :ﬁ:e - 610 aores
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 14.7 psi) 11t _ .3048
Gas constant for air, R =287 J/kg.K = 1716 fi-lb/slug-°R o : s k'“
T [K] =t [°C] +273.15 Sug = 14.59Kkg
o 5 1lb = 4,448 N
T {°R] = t [°F] + 459.67 e e
1Btu =7781tlh {0 i 2 .481 I
Thp =745.7W =550 ftib = 7.481¢a
1m = 100 cm 254mm = 1.Qin
1liter = 1000cm?
im’ = 1000 liter
Forces on submerged surfaces: Moment of Inertia for a rectangular shape:
= vh, b3
N ‘)’hA Iex = E

Location of Center of pressure, Y,=F+ %;

Buoyant Force;
Fg = Y{displaced volume)

Metacentric Height:

Reynolds Number:

VD VD

Re=-— = 2~
voou

Swamee & Jain and other f Equations:

Swamee & Jain (1976) [errorzasbout 1% from Colebrook equation]
13

f:
£ 574
Inf027 =4+
{[0 D"Re"’]

}2 for 107 5%510 2 and 5000 < Re < 10°

Haaland (1983) {error about 1.5% from Colebrook equation)

1 T for 4000< Re <10°

i=EE

Fully Rough/turbulent Flow:

1

Smooth Pipe flow for Hydraulically smooth pipes:

Blasius Equation: f = OR'E:—QIJ? for 4000 < Re 10°

[

Colebrook’s Approximation: fs 1 | fora000 e 10"
]
l.Slog(——]
69
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Darcy-Weisbach Equation for friction headloss:

Minor headloss Equation:

2

Vv
= ZK Z ; Where K = loss coefficient

BHP=To0e. (g7 English uni
=Sson \FLT71 (English units) [hp]
H
BHpJQn’ [FLT-'} (metric units) [Watts)

Pumps in Parallel
Combined efficiency, n:..q_d:_gﬂ;
Q.
nA ng

Combined efficiency, n=

‘Pumps in series

HA+HB
H, Hey
e Ty

Roughness Values for Pipes

@ Table 15.1

Equivalent Roughness,

Hazen-Williams

Pipe Material £ (f1) Coefficient, C
PVC, plastic _ Smooth 0
Brass, copper, aluminum, glass Smooth 140
Dawn tubing 5% 106 -
Cast iron

new 80x1077 130

old 100
Galvanized iron/ductile pipe 50x10-4 120
Asphalted iron 40x10- % -
Wrought iron 1.5% 1074 -
Commercial and

welded steel 1.5%x1074 120
Wood stave 200x 1074 120
Concrete 40.0x10"4 130
Riveted steel 60.0x 10" 4 110
Brick sewer -— 100

O
. Nyt CVEG 4303P01 — Water Resources Engineering <> Exam 02 < Spring 2022 3of 13




Table 15.3 Minor Head Loss Coefficients

Item Loss Coefficient, K,
Entrance from tank to pipe - '
Flush connection 0.5
Projecting connection 08
Exit from pipe to tank 1.0
Sudden contraction (h,, =K,V3/2g)
d,/d, =0.2 0.48
dy/d, =0.4 0.42
d,/d, = 0.6 0.32
d,/d, =0.8 0.20
d,/d, =09 0.05
Sudden enlargement (h,, =K V2 /2g)
d,/d, =09 0.04
d,/d, =08 0.13
dy/d, = 0.6 0.41
d,/d,=04 on
d,/d,=0.2 0.92

Note: Subscript 1 refers to upstream and 2 refers to downstream section,

Table 15.3 Minor Head Loss Coefficients

Item

Loss Coefficient, K,

90° bend and 180° return—threaded
45° bend—threaded

90° bend and 180° return—fianged
45° bend—flanged

Tee—threaded

through flow
branched flow

Tee—flanged

through flow
branched flow
Gate valve (open)

Check valve (open)
Globe valve (open)
Angle valve (open)
Butterfly valve (open)

15
04
0.3
03

0.9
2.0

0.2
1.0
0.19
20
100
20
03

Note: Subscript 1 refers to upstream and 2 refers to downstream section.

Da. Nyews
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Trapezoidal Channel

Area, A = by + %_\"(m, +m,)

Wetted Perimeter, P =b + y(J1+m} +{l+m})
Top Width. Tor B=&+ v(m, + m,)

bv+ J—f(m. +m,)

- 2
b+y(‘}l+m,’ +J| +mt))

Hydraulic Radius, R = %

Area, A = by

Wetted Perimeter, P = 2,6 + ?
Top Width, T or B=2b

Manning’s Equations:

Velocity, V [mis]=—l+RmJS— - (SI Units)
n

Velocity, V [ft/s] = -920 g¥3 /S . (English Units)
n

Hazen-Williams Equations [Circular Pipes]:
English Units: Q fcfs], L [ft], D [ft], He {ft]

S hy 471 Q - 0 432CD263 S0.54

"1 ol

Manning’s Equations:

Discharge, @ [m*/s}= —AR**JJS - (SI Units)
n

Discharge, Q [f/5]= “oo0 AR™ /S - (English Units)
n

Hazen-Williams Equations [Circular Pipes):
St Units: Q {m?¥s], L [m], D [m], H. [m]

Q - 0'278CD2.63.S'0.54

h,  10.704

—L— = CIB '*

For critical flow, Fr=

v
Jogb
For critical flow, V = {JgD
For critical flow, Q = V*A = A\/gD
For normal flow, Z = AR?"

For critical flow, Z_ = AVD

Da, Nyews CVEG 4303P01 — Water Resources Engineering < Exam 02 < Spring 2022 50f 13
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Table 14.1 Geometric Elements for a Circular Section

§2 A Py R T o AD AR
do d3 do dg dy do d3’? dy”?
0.01 0.0013 02003 00066 0.1990 00066  0.0001 0.0000
0.05 0.0147 04510 00326 04359 00336 00027 00015
0.10 0.0409 06435 00635 06000 00682 00107 00065
0.15 00739 07954 00929 07141 01034 00238 00152
020 01118 09273 01206 08000 01398 00418 00273
025 0.1535 10472 01466 08660 0.1774 00646 00427
030 0.1982 11593 01709 09165 02162 00921 0.0610
035 0.2450 1.2661 0.1935 09539 02568  0.1241 0.0820
0.40 0.2934 13694 02142 09798 02994 01603  0.1050
0.45 0.3428 14706 02331 09950 03446 02011 0.1298
0.50 0.3927 15708 02500 1.0000 03928 02459  0.1558
055 0.4426 16710 02649 09950 04448 02949  0.1825
0.60 0.4920 17722 02776 09798 05022 03438  0.2092
0.65 0.5404 18755  0.2881 09539 05666 04066 02358
0.67 0.5594 19177 02917 09404 05948 04309 02460
0.70 0.5872 19823 02962 09165 0.6408 04694 02608
0.75 06318 20944 03017 08660 07296 05392 02840
0.80 06736 22143 03042 08000 08420 06177 03045
0.85 07115 23462 03033 07141 09964 07098 03212
0.90 0.7445  2.4981 02980  0.6000 12408 08285 03324
0.94? 0.7662 26467 02896 04750 16130 09725  03353°
0.95 0.7707 26906 02864  0.4359 1.7682 10242 03349
1.00 0.7854 31416 02500  0.0000 o0 e 03117
* Maximum flow occurs at 0.94 full depth.
. e romers :
0.0078L0-77 Q=CIA

Where,

te [minutes], =

S0385 > L [Rland$ (VA

a, b and c are local parameters for a given return period, T in years;

D = rainfall duration in hours.

: C= Runoff coefficient
: [ = Rainfall Intensity (in/hr)
: A = Area in Acres

Dr. Nyewi

CVEG 4303P01 ~ Water Resources Engineering < Exam 82 <

Spring 2022 6of 13




®

m’:f" fo i

[ Yo 257 Clockwise flows are POSITIVE
L4 C __" —r
B
2l s
15-1‘;" i o

The table below provides data for the application of the Hardy Cross Method.

VIDETHE FLOWS FOR'THE/GRAY FIELDSIONEY (see problem b, below)

Fmal Flows after 9 iterations [Clockmse Flows are Positive]

itera Loop Pipeline Len diam K Qa [cfs]  headloss, hf [hiQ| Comection, Final Q
tion [ft} fin) = kQa*2 [f] 5
AB 4000 12 1.8136 2.215 8.9145 40207 |,
BE 2000 6 2017 0.960 26.7617 .NAa Qo
1 EA 1500 6 21763 -1.285 } " 27.9213 7 7z |
9 Corrections Toop7 51 (- 0002  Lop2 52(k)= -0.004 ((' % ),
BC [3000] 8 10328 | 1.757 | 316767 | 18151 [— A A, -+
2 CcD 2000 8 6.886 0.257 0.4538 17677 |_ @( .;’2
DE 3000 8 10329 | -0.743 57066 | 76775 | s@3 -]
EB_[2000]| 6 | 29018 = 2

c) [40] With reference to the FINAL flows values:
Filtin ALL the flow values on the figure {AND

Inflowat A=

2. 219

[cfs] i

Inflow atB =

.97 X

[cfs]

Outflow (withdrawal) atC=_— 15 2 O&

Outflow (withdrawal) atD = _—
Outflow (withdrawal) at € =

B Nyeus

CVEG 4303P01 — Water Flesources Engineering < Exam 02 <

152 PN

fcfs baken e Sup-g £iral A m \eop
s “ff\gl‘\d holfingF inverkting the sign o defen

- 1.393CX

- namber
fefs] —found faken vhe sum of final Q §n lop | 4

InVerting Hhe <ign of dotemined number

Spring maz(,w/—g"?




2_[10@7] consider a pumping system In a pressurized flow.

For the given system, the specific weight of the liquid being

pumped, y = 67.0 Ib/ft3. The graph shown provides the

system and pump charactenstics (performance) curves.
O There are multiple identical pumps (2) in the system

The right Y-axis is for the efficiency [%] of the pump,

Determine:

(a) [S@] The operating point data for the
combined system [complete):

I) System Operating Head [ft] =
{Show how you obtained it on the gra

Il} Operating system flowrate {gpm] = '5 5_
{Show how you obtained it on the graph}

lil) Operating efficiency for 1 pump [%] =
(Show how you obtained it on the graph)

IV} Operating Head for 1 pump [ft] = l
{Show how you obtained it on the graph

V) Operating flowrate for 1 pump [gpm] =
(show how you obtained it on the gra

Same inihial wead 7740 )
(c) [35] Calculate the power supplied by the pumping system [hp] to the flow e
HINT: calculate the combined system efficienc

BHP:wHE _ (67 b ’*q
5507 556 (' ) -g

((mb/ﬁ"){lﬁ s0gem) {
(LT N BROGPTL ]

BHP -
550
e
O Power supplied by pumping system [hp] = 127 2 h P
Da. N,wi CVEG 4203P01 - Water Resources Engineering <> Exam 02 < Spring 2022 80l 13
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3 [1e0]

Suppose a circular channel with a diameter of 1.00 m is used to convey stormwater, at a depth of 0.45 m and

Manning’s roughness, n = @.@13 for the lining of the channel. Provide answers for the following questions.
O [Hint: You may use Table 14.1 which has been provided. Do not interpolate, use the closest value - if appropriate]

Ca) [20] Whnatis the hydraulic radius [m] for the flow condition [m]?

Y o 45m
Show all work. d, = 1,00/
y 4P ,@,; 2331 - R =.233\d,

;—': T 7 = 233N

e : Z.233Im

Hydraulic Radius [m]) = .1233
(b) [25] Whatis the discharge [m3/s} f the channel slope is 5% = .05

3 12 o e . Yz m /.
Q- _.,_"‘:]3(’-’,41( > Q= i (1243)(<03) 2.25 M7

2./3

AR A’RI/B 2
(S e AR s
ag

: Discharge of flow [m3/s] = .23 m’)@/
KC

Cc) [25] whatis the hydraulic depth [m] for the flow?

D

——
1

3446 ‘*TD;;‘ 2446 3D = 394bm

.-""'....

Hydraulic Depth of flow [m] = - 3¥ 10
(d) [3@] whatis the Froude Number [ ] for the flow?

Fr:_.\-{—__‘w“‘:: 3,7Lf

\19 D h & $imsst(34m)
0y M 4= J”Q%;m'lq

\ A
v_ _.6_2_,— 2,3—%”"1/5 : nghq/ /
N A 342t
O 54

Froude Number of flow [] =
”

Dr. Nyt
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You have been hired by local H&H firm, AlHydrologicsMax, to design the drainage system for the area below in Watershed,
TX. The IDF (Intensity Duration Frequency) curve parameters are: A =212 and B = 20 for a return period of 15 years.

Rainfall intensity, i [infhr} = %;

: Where tis the rainfall duration in minutes. The minimum time of
concentration (due to Watershed, TX ordinance) is 15 minutes.

rd

1 * 2 3

The velocity of flow in the pipes (manhole to manhole in the sewer system) is given in the second tabie below and the other
data for watershed are given in the first table. Your primary goal is to calculate the peak ﬂowrate [cfs] from sections A, B,

= tm ! - ] aa d 1 1
and C for the 15-year design rainfall. Use the Rational Method. p e _% ﬁ(wfq% : Qulpmi
Data for the watershed / S (rouY)

c Inlet Travel'| % of total
SECTION | Value | Length Slope Area fac] | time [min ea [%]
f {%] !
A 0.5 2000 4 400
B 0.4 1200 6 250
C 0.7 4500 2 750
Total Area

Provide sample calculations for the first row at the right of?dve table\‘m_,k 3 _
Data for the sewer system Jani® wUs

Manhole Segment | Length [fi]| Velocity | Travel time [ofin] | -
1-2 250 2.5 l.oTmd
2-3 350 35 1 LY mfn

Provide sample calculations for the first row athe right of above table
a)[45] Calculate the time of concentration (using manhole 3 as the reference point or oullet) by completing the table below and portions

of the 2 tables above.
Complete the table below
Travel Path [inlet-Man#1-Man#2-...Outlet] Time of travel [min]
A->1->2->3 9.6 + |67 * 1.7 = [L,44Ymir 1. 9Y
E31 53 L.g2 +16l : g9 . &4 »
C~>3 20.5 Trmin o 2067 : N\
ASB5293% Q.6 +5.02F LbT+1u77 1. A0] Lo QG %—vf 4
Provide sample calculation for the first row below and complete the rest of the table

Time of concentration, t. [minutes]= 2.5 7mn 2
b) [2@] Design Rainfall intensity, i (Use IDF formula provided)
A ™

E 212 5,23 Whe i R

1B [os 200 :
(20 o Design Rainfall intensity, i [infhr]=__ 5.23 in / hr-
c) [15] Composite Runoff Coefficient, C

26 won(s) 4 250(.4) ¥ T50(T)

s =.59
za, “od +250 +750

Runoff Coefficient [2 decimal places], C= __ 15

d) {20] The peak runoff \z ABC (Using Rational Formula) (3 = T A
Qz .5 (5.23%/r) HM%IQ-Q%% @ _
/ ( ( runoff [cfs] = _ 1 3] mgﬁff

Da. Nyt CVEG 4303P01 - Water Resources Engineering < Exam 82 <
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PRATHIE VITW

Ariseanes Department of Civil & Environmental Engineering
CVEG 4303-PO1 Water Resources Engineering Spring 2022
Dr. Nzewe ExamMm 0O2

Thurs. April 21, 2022, 01:00 — 2:20 PM; SR Collins 205

Submit the entire exam the order given Name [PRINT] ':iﬂ” PA__ _MOUN]

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

All necessary equations are provided except for elementary relationships you are expected to m
This is a CLOSED book exam. Please turn off all cell phones and mp3 players and place

them in your book bag in front of the class. Also put away ANY disallowed calculators.
Calculator POLICY (allowed calculators)

8 Casio: All fx-115 and fx-991 models (Any Casio calculator must have “fx-115or “fx-991"in its model name )
B Hewlett Packard: The HP 335 and HP 355 models, but no others

B Texas Instruments: Alt TI-30X and T1-36X models (Any Texas Instruments calculator must have *T1-30X" or *TI-36X"in its model name.)

1) All cellphones/smartwatches MUST be placed in your book bag during exams and turned off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
cellphone/smartwatch (turned off) on Instructor's desk

2) Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. Such action will be cheating

3) CLOTHING: Hoodies are NOT Allowed during exams. No headphones (corded or wireless) are ALLOWED.,

4) Calculator covers are DISALLOWED during tests and must be placed in students’ book bags during exams.

5) There shall be NO SHARING of resources during the exam. Writing space wilt be provided in the test

6) RESTROOM VISIT: if you need to use the restroom, do so before opening the exam. Once the exam begins,
you must submit your work lo the instructor if you leave the classroom to visit the rest room (your exam
terminates)

7) Youhave 7@ minutes to complete the exam. Please turn in your work on time.

8) Provide enough detail for each problem you solve. You earn points based on the details you provide.
9) Please work independently.

10) You are required to solve ALL problems. i
__Dishonesty or failure to adhere to instructions will result in a grade of ZERO (@ . @)

| pledge to abidgﬁrﬁw rules stated for this Exam
Signature:

NAME [PRINT, Lastname, firstname]: fr}l it MB A i HQLI/N 'f
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REFERENCE VALUES AND FORMULAS [Unless otherwise stated or implied, assume the following]

Density of water = 1000 kg/m> (= 1.94 slugs/ft3) [at 4 °C] I mile = 5280 feet
Specific weight of water = 9810 N/m3 (= 62.4 tb/ft3) and at 4 °C jme - 1;2203’?;"5
Gravitational Acceleration, g = 9.81 m/s2 (= 322 ft/s2) 1 ;:ze _ 46: 49 acres
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 14.7 psi) 14 - @.3048
Gas constant for air, R =287 Jkg K = 1716 f-Ib/slug-°R L - 14 m
T [K] = t [°C] + 273.15 e i ﬁg :19
T [°R] = t [°F] + 459.67 1P - 1'0Ni )
18w =778fth TS 7 481 qal
thp =7457W =550RIb - f.a0lga
1m = 100 cm 254mm = 1.9in
1liter = 1000 cm?
1m® = 1000 iiter
Forces on submerged surfaces: Moment of Inertia for a rectanqular shape:
= vh, b3
F 7hA I Ixx= _l;
Location of Center of pressure, y p=F+ -A‘;
Buoyant Force: Metacentric Height:

Fg = y(displaced volume)

Reynolds Number:
_¥YD _pVD
v

Re

Swamee & Jain and other f Equations:

1325
f= ¢ 574
7£ 214

{m[oz D+Rc°9]

Swamee & Jain (1976) [error about 1% from Colebrook equation)
}, for 10 s-g-s 10 and 5000 <Re < 10°

Haaland (1983) [error about 1.5% from Colebrook equation)

1 for 4000< Re <10

N EDE)

Fully Rough/turh;llent Flow:

1
2lo; }-?2)
£

f

Smooth Pipe flow for Hydraulically smooth pipes:
Blasius Equation: f = ORS_"II? for 4000 € Re £10°

H

Colebrook’s Approximation: o | | ford000 sRe <16
e

Da. N,m& CVEG 4303P01 - Water Resources Engineering < Exam 02 < Spring 2022 20f 13




Darcy-Weisbach Equation for friction headloss: Minor headloss Equation:
v? y?
,—: h, = -fEL 5; h, = ZK Z : Where K = loss coefficient
P oapRl o pip
e diea g2 47
Y 28 Y 2g
H
BHP= 7;250 ; [FLT~') (English units) [hp]
BHP= YQ:’ [FLT-!] (metric units) [Watts]

Pumps in Parallel

Combined efficiency, 7= Q+Q
%, %
Ny Ty

Combined efficiency, n=—4—=2

Pumps in series
H,+H

H
A4 B

Ny Ny

Roughness Values for Pipes

@ Table 15.1

Equivalent Roughness,

Hazen-Williams

Pipe Material e (f1) Coefficient, C
PVC plas-t.ié- o o Smooth 140
Brass, copper, aluminum, glass Smooth 140
Dawn tubing 5%10°6 -
Cast iron

new 80x10~* 130

old 100
Galvanized iron/ductile pipe 50x10-4 120
Asphalted iron 40x10" 4 -
Wrought iron 1.5%10"4 —
Commercial and

welded steel 1.5%x10°4 120
Wood stave 200x10™* 120
Concrate 400 x 1074 130
Riveted steel 60.0x 10" 4 110
Brick sewer — 100

D N,w& CVEG 4303P01 ~ Water Resources Engineering < Exam 02 < Spring 2022 3of 13




Table 15.3 Minor Head Loss Coefficients

ltem ) ) Loss Coefficient, K,
Entrance from tank to pipe
Flush connection 0.5
Projecting connection 0.8
Exit from pipe to tank 1.0
Sudden contraction (hy, =K V2 /2g)
dy/d, =0.2 048
dyd, =04 0.42
dy/d, =06 0.32
dy/d; =08 0.20
dy/d; =09 0.05
Sudden enlargement (h,,, =K,V /2g)
d,/d,=09 0.04
d,/d, =08 0.13
d,/d, =06 0.41
d,/d, =04 0.71
d,/d,=0.2 0.92
Note: Subscript 1 refers to upstream and 2 refers to downstream section.
Table 15.3 Minor Head Loss Coefficients
Item Loss Coefficient, K,,,
90° bend and 180° return—threaded 15
45° bend—threaded 04
90° bend and 180° return—flanged 0.3
45° bend—flanged 0.3
Tee—threaded
through flow 0.9
branched flow 20
Tee—flanged
through flow 0.2
branched flow 1.0
Gate valve (open) 0.19
Check valve {open) 20
Globe valve {open) 10.0
Angle valve (open} 20
Butterfly valve (open) 03

Note: Subscript 1 refers to upstream and 2 refers to downstream section,

D Npewi CVEG 4303P01 - Water Resources Engineering < Exam 02 <

Spring 2022 40f13



Trapezoidal Channel

Area A= b | ,( ) Area, A =by
aA=byt=v(m +m,
2 Wetted Perimeter, P = 257 + y?
Wetied Perimeter, P=h + y(,,/l +m +\Jl+ m) Top Width, TorB=2b
Top Width. TorB=b+ v(m, +m,) !Hy draulic Radius, R = A__ by
|, | P afiey

| A by+ - vi(m +m,) A b

Hydrautic Radius, R = = = : : Hydraulic Depth, D= == 22 = X

' Pob+v(tem +J|+m;) L T 2 2 |
Manning’s Equations: Hazen-Williams Equations [Circular Pipes):

: English Units: Q [cfs)], L [ft], D [f], Hy [f]
Velocity, V [m/s}=—R¥*JS - (SI Units) -
n 4.731

§=to__ 18s - 263 0054
@ Vclocity,V{stl-:l'—%ER""‘Js_ - (English Units) L C‘”D”’Q Q 04320D™S
. n

Manning’s Equations; Hazen-Williams Equations _[Circular Pipes]:
Discharge, @ [m’/s]= ~AR**VS - (SI Units) SI Units: Q {m¥s], L {m], D [m}. H_ [m]
n

n
h, 10704 .

—

L C135D487 Q

For critical flow, Fr = v
JaD
For critical flow, V = /gD

For critical flow, Q = V*A = AJg_D
For normal flow, Z = AR*®

( , Forcritical flow, Z_ = AVD

Da. Npews CVEG 4303P01 — Water Resources Engineering < Exam 02 < Spring 2022 50f 13
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Table 14.1 Geometric Elements for a Circular Section

5 A Py L1 I b Ab AR
dO dg dO do dO do dgll dgﬂ
0.01 00013 02003 00066 0.1990 00066 00001  0.0000
0.05 00147 04510 00326 04359 00336 00027  0.0015
0.10 00409 06435 00635 06000 00682 00107  0.0065
0.15 00739 07954 00929 07141 01034 00238  0.0152
020 01118 09273  0.1206 08000  0.1398 00418  0.0273
025 0.1535 10472  0.1466 08660  0.774 00646 00427
030 0.1982 11593 01709 09165 02162 00921 00610
035 02450 12667 01935 09539 02568 01241  0.0820
0.40 02934 13694 02142 09798 02994 01603  0.1050
045 (03328 14706 0233 09950 03446 02011  0.1298
050 03927 15708 02500  1.0000 03928 0245  0.1558
0.55 0.4426 16710 02649 09950 04448 02949  0.1825
0.60 04920 17722 02776 09798 05022 03438 02092
065 0.5404 18755 02881 09539 05666 04066 02358
067 05594 19177 02917 09404 05948 04309  0.2460
0.70 0.5872 19823 02962 09165 06408 04694 02608
0.75 06318 20944 03017 08660 07296 05392 02840
0.80 0.6736 22143 03042 08000 08420 06177  0.3045
0.85 07115 23462 03033 07141 09964 07098 03212
090 07445 24981 02980  0.6000 12408 08285  0.3324
094 07662 26467 02896 04750 16130 09725 03353
095 07707 26906 02864 04359 17682 10242 03349
1.00 07854  3.1416 02500  0.0000 o0 o0 03117

* Maximum flow occurs at 0.94 full depth.
- e Ry TeT
0.00781.0.77 Q=CIA

tc [minutes), = ; L [ft] and S [fV/ft]

50.385

Where,

D = rainfall duration in hours.

a, b and c are local parameters for a given return period, T in years;

C= Runoff coefTicient
I = Rainfall Intensity (in/hr)

A = Area in Acres

Da N,.uu CVEG 4303P01 - Water Resources Engineering < Exam 02 <
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l

400

Clockwise flows are POSITIVE

he table below provides data for the a

lication of the Hardy Cross Method.
PROVIDE THE FLOWS FOR'THE GRAY FIELDS'ONLY (see problem b, below)
Final Flows after 9 iterations [Clockwise Flows are Positive]

Itera Loop Pipeline Len diam K Qa [cfs]  headioss, hf |hf/Q} . Firfal Q

tion [ft] [in] = kQa*2 [t /f:;s
AB 4000 12 [181% 2.215 89145 | 40207 ] AP
BE 2000 6 2017 0.960 267617 | 27.8668
EA 1500 6 21.763 -1.285 -35.8213

_9 Corrections toop1 31 fcfs] = 0.002
@ | BC [3000] 8 10.328 | 1,757 | 318757 | 18.1450

i CcD 2000 8 6.886 0.257 0.4538 1.7677

% DE 3000 8 10.329 -0.743 -5.7066 167715 =

L EB_ |2000| 6 | 29018 \>’7’>

N e

c) (40] With reference to the FINAL flows values:
Filtin ALL the flow values on the ﬁg AND' G
inflowat A = . 5

Inflow at B =
Outflow (withdrawal) at C =
( ( \ Qutflow (withdrawal) at D =
e Outflow {withdrawal) at E =
Da. Nyewi CVEG 4303P01 - Water Resources Engineering < Exam 02 <
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12971 consider a pumping system in a pres
For the given sysiem, the specific weight of the liquid being
pumped, y = 67.0 Ib/fl%. The graph shown provides the
system and pump characteristics (performance) curves.
O There are multiple identical pumps {2} in the system
The right Y-axds is for the efficiency [%] of the pump.

Determine:
(a) [59] The operating point data for the

combined system [complete]: é‘
15 H:\L

I) System Operating Head [ft] =
{Show how you obtained it on the graph)

ll) Operating system flowrate {gpm) =
(Show how you obtained it on the graph)

Iil) Operating efficiency for 1 pump [%] = oy
(Show how you obtained it on the g

IV) Operating Head for 1 pump [ft] = ;

(Show how you obtained it on the gr

V) Operating flowrate for 1 pump [gpm] =
(show how you obtained it on the graph)

(b) [15] What type of pump arrangement is in this system?

\Sertal or @ [circle] arrangement and WHY? = iﬂmﬁﬂ E‘ ‘;; ; a; : ) @

{c) [35)] Calculate the power supplied by the pumping system {hp] to the flow~—"
HINT: calculate the combined system efficiency first

5100649 + 42044
RO Y

p"—

[B IR A hU
© S
Power supplied by pumping system [hp] =

—

e e — e e
Nywi CVEG 4303P01 - Water Resources Engineering <> Exam 92 < Spring 2022 k
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3 [1e0]

Suppose a circular channel with a diameter of 1.00 m is used to convey stormwater, at a depth of 0.45 m and
Manning's roughness, n = @.@13 for the lining of the channel. Provide answers for the following questions.
E )y [Hint: You may use Table 14.1 which has been provided. Do not interpolate, use the closest value - if appropriate

(a) [2@] Whatis the hydraulic radius [m] for the flow condition [m]?
Show all work.

oo im |y ousm Y e oy 51 <0331 B R< 083/ X

o

IP\: 0: £33 M)

Hydraulic Radius [m] =
(b) [253 Whatis the discharge [m3/s] if the channel slope is 5%

ok 5’/0 - 005
.0 43
g: L ARAYS
A
3"’ - 03‘423 = A'__ 0‘ch0'3!’1_8 =y A |q')(03£‘ o 3[128%
0

‘ - 317
& - — x034 W xo-23

00
Discharge of flow [m3/s] = g 43 pP
© (c) [25] Whatis the hydraulic depth [m] for the flow?

. A _—
D =~ Y N L
T -Jo- 0"-{5 "'-) da
1
- 03hTEM - 434 5m
0. 9% 50

Hydraulic Depth of flow [m} =
(d) [3@] Whatis the Froude Number [ ] for the flow?

@ Froude Number of flow [] =

L s k
Da. Nyewsi CVEG 4303P01 — Water Resources Engineering < Exam 02 c" Spring 2022 M
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Problem 4 [100]
You have been hired by local H&H firn, AlHydrologicsMax, to design the drainage system for the area below in Watershed.

TX. The IDF (Intensity Duration Frequency) curve parameters are: A = 212 and B = 20 for a return period of 15 years.

Pl

s

1 2

’7‘_“-:‘_';

Rainfall intensity, i [inthr] = ;;% ;

Where t is the rainfalt duration in minutes. The minimum time of
concentration (due to Watershed, TX ordinance) is 15 minutes.

Da. Npewi

The velocity of flow in the pipes (manhole to manhole in the sewer system) is given in the second table below and the other
data for watershed are given in the first table. Your primary goal is to calculate the peak flowrate [cfs] from sections A, B,
and C for the 15-year design rainfall. Use the Rational Method.

Data for the watershed
c !n!ef Travel % of total
SECTION | Value | Length Slope ] area [%]
[ %]

A 0.5 2000 4

B 0.4 1200 6

C 0.7 4500 2

Total Area | i} ':':_-;

Provide sample calculations for the first row at £

Data for the sewer system

e right of above table

Manhole Segment | Length [ft]| Velocity | Travel time {min]
1-2 250 2.5
2-3 350 3.5

Provide sample calculations for the first row at the right of above table

of the 2 tables above
Complete the table below /
Travel Path [Inlet-Man#1-Man#2-,..Outlet] glme of fravel [min]
A->1->2->3 \
\/
X
TAN

Provide sample calculation for the first row below and completgfthﬂ(st of the table

c) [15] Composite Runoff Coefficient, C

Runoff Coefficient [2 d
d) [20] The peak runoff for ABC (Using Rational Formula)

Time of concentration, t.
b) [2@] Design Rainfall intensity, i (Use IDF formula provided)

0 (D’rh)c - '?J“Zl(

Design Rainfall i

9

e

opfs”

a){45] Calcutate the tme of concentration (using manhole 3 as the reference point or outlet) by completing the table below and portions

in/hr)=

CVEG 4303P01

- Water Resources Engineering <> Exam 02 <
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CVEG 4303
WATER RESOURCES ENGINEERING
SPRING 2022

Title of Assignment: Final Exam
TOPICS COVERED in Final Exam
Final Exam covered the following topics:

Detention/retention ponds: purposes and function

Determination of equivalent pipe length for pipes arranged in series

Determination of system head curve equation for a pumping system

Application of hydraulic elements of circular pipes table to determine flow
parameters in a circular open channel: depth of flow and hydraulic depth, etc
Implementation of Rational Method: determination of time of concentration, average
Runoff Coefficient (non-homogeneous watershed), design Rainfall Intensity and
peak flowrate

Basic open channel flow computations: flowrate, velocity

Forces and moments of a concrete dam section

Application of Hardy Cross method to determine flow correction in one iteration
Simple looped pipe systems: application of continuity and energy conservation
Determination of head provided by a pump in a piping system: Energy equation
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CVEG 4303-Po1 Water Resources Engineering Spring 2022
Dr. Nzewe FINAL EXAM

Tuesday, May 10, 2022, ©1:30 - 3:20 PM: SR Collin 205

Submit the entire exam the order given Name [PRINT] ﬁ\N&iﬂMﬂﬂOld S

In all the problems you must provide enough details and description of the solution methot to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

22>
600

All necessary equations are provided except for elementary relationships you are expected to master.
This is a CLOSED book exam. Please turn off all cell phones and mp3 players and place

them in your book bag in front of the class. Also put away ANY disallowed calculators.
Calculator POLICY (allowed calculators)

B Casio: All ix-115 and x-991 models {Any Casio calculator must have “fx-115°or *-991"in its model name)
B Hewlett Packard: The HP 335 and HP 35s models, but no others
B Texas Instruments: All TI-30X and TI-36X models (Any Texas instruments calculator must have "TI-30X" or *T1-36X"in its model name.)

1) All cellphones/smartwatches MUST be placed in your book bag during exams and tumed off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
cellphone/smartwatch (turned off) on Instructor’s desk.

2) Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. Such action will be cheating.

3) CLOTHING: Hoodies are NOT Allowed during exams. No headphones (corded or wireless) are ALLOWED.

4) Calculator covers are DISALLOWED during tests and must be placed in students' book bags during exams.

9) There shall be NO SHARING of resources during the exam. Writing space will be provided in the test.

6} RESTROOM VISIT: if you need to use the restroom, do so before opening the exam. Once the exam begins,
you must submit your work to the instructor if you leave the classroom to visit the rest room (your exam
terminates).

7) You have 110 minutes to complete the exam. Please turn in your work on time.

8) Provide enough detail for each problem you solve. You earn points based on the details you provide.

9) Please work independently.

10) You are required to solve ALL problems.

Dishonesty or failure to adhere to in_sj_ruct'i'ons will result in a grade of _Z;ERO (@TW

| pledge to abide by all the rules stated for this Exam

Signature: ,%MF\ pate: 09 11012022

NAME [PRINT, Lasiame, frsmame]: _(LAA101 S, AVMNISSO




REFERENCE VALUES AND FORMULAS [Unless otherwise stated or implied, assume the following]

Density of water = 1000 kg/m3 (= 1.94 slugs/fe3) [at 4 °C] LU IO Ol
Specific weight of water = 9810 N/m3 (= 62.4 Ib/ft3) and at 4 °C : me : ggggi{fs
Gravitational Acceleration, g = 9.81 m/s2 (= 322 fu/s2) 1 ?':;;e ; 640 acres
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 14.7 psi) 1# = 0.3048
Gas constant for air, R = 287 J/kg K = 1716 fi-Ib/slug-°R 15l - 1;; 59 km
T [K] =t [°C] + 273.15 re ALY
T {°R] =t [°F1 + 45967 1P : 1'0 N/m?
1Btu =778 R S e
thp =7457W =550ftlb on
= — 400 om 254mm= 1.0in
1liter = 1000 cm?
im = 1000 liter
Forces on submerged surfaces: Moment of Inertia for a rectangular shape:
F=yhA o2
fox = 12

Location of Center of pressure, y =5+ %’f

Buoyant Force:
Fe = Y(displaced volume)

Metacentric Haight:

Revnolds Numbaear:
_¥YD_p¥D
v

Re

Swamee & Jain and other f Equations:

Swamee & Jain (1976) [error about 1% from Colebrook equation)
1.325

s ]

D Re"

- for 10° < % <1072 and 5000 <Re < 10°

Hasland (1983) [error about 1.5% from Colebrook equation]
2

1 for 4000< Re<10°

g

Fully Rough/turbulent Flow:

Smooth Pipe flow for Hydraulically smooth pipes:
Blasius Equation: f = %’351356- for 4000 < Re<10°

Colebrook’s Approximation: (= 1

———=——| for4000 <Re <i0*
l.alog[-l-li]
6.9
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Darcy-Weisbach Equation for friction headloss: Minor headloss Equation:
LV b= K Y- Where K = loss cocffic
N i oy = =l = t
i D 23 2g ere 0SS Coerricien
P V? 2 2 2
_I+_L_+zl=_2+_2_+zz Hp+ﬂ+&+zl=gr+ﬁ+&+&+h‘£
Y g Yy 2g % 7 2 v
Powersupplied TOpump: | | Power supplied by pump:
BHP= roH, {FLT™'] (English units) TQH
550 fhp] Power,H,,,, = _.5?0-. horsepower [hp] English Units
H A ;
BHP = yon £ {FLT™!} (meric units) [Watts] |Power.H,,., =YQH, Watts [W] SI Units
um liel Pumps in series
Combined efficiency, n=96195— Combined efficiency, n=ﬂai"e_
_Q..A + Qﬁ. ﬁd + _’iﬂ
’TA 7?5 nA nB

PY KQ' _- h
DIEEISD

in an iteration:

Table 15.1 Roughness Values for Pipes
Equivalent Roughness, Hazen-Williams

Pipe Material £ (ft) Coefficient, C
PVC, plastic Smooth 140
Brass, copper, aluminum, glass Smooth 140
Dawn tubing 5%10- 6 —
Cast iron

new 80x10"4 130

old 100
Galvanized iron/ductile pipe 50x104 120
Asphalted iron 40x10"* —
Wrought iron 1.5x10"4 —
Commercial and

welded steel 1.5x1074 120
Wood stave 200x 104 120
Concrete 40.0x 10~ 130
Riveted steel 60.0x10"4 110
Brick sewer — 100

Da. Ny CVEG 4303P01 - Water Resources Engineering <> Final Exam < Spring 2022 3of 15
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Table 15.3 Minor Head Loss Coefficlents

item Loss Coefficient, K,
Entrance from tank to pipe
Flush connection 05
Projecting connection 0.8
Exit from pipe to tank 10
Sudden contraction (h,, =K,V / 2g)
d,/d,=0.2 0.48
d,/d, =04 0.42
dy/d, =06 0.32
dy/d, =0.8 0.20
dy/d, =09 0.05
Sudden enlargement (h,, =K, V2 /2g)
d,/d,=09 0.04
d,/d, =08 0.13
d,/d,=06 0.41
d,/d,=04 0.71
dy/d,=0.2 0.92
Note: Subscript 1 refers to upstream and 2 refers to downstream section.
Table 15.3 Minor Head Loss Coefficients
hem —_  —— _Loss Coefficient, K,
90° bend and 180° return—threaded 15 O
45° bend—threaded I 7 S
90° bend and 180° return—flanged 03
45° bend—flanged 03
Tee—threaded
through flow 09
branched flow 20
Tee—flanged
through flow 0.2
branched flow 1.0
Gate valve (open) 0.19
Check valve (open) 20
Globe valve (open) 10.0
Angle valve (open) 20
Butterfly valve (open) 03
Note: Subscript 1 refers to upstream and 2 refers to downstream section.
Da. Nyews CVEG 4303P01 - Water Resources Engineering < Final Exam < Spring 2022 40f 15



Trapezoidal Channel

Area, A=by+ %y’(m, +m,)

Wetted Perimeter, P=b + y(J1 4+ m} +/1+m})
Top Width, TorB=b+ y(m, + m,)

A by+1y2(m1 +m,)
Hydraulic Radius, R == = 2

P obayfiem +fl+mi)

Area, A = by

Wetted Perimeter, P = 2,/b* + y?
Top Width, TorB=2b

. . A by
Hydraulic Radius, R =— =
p 2;?1:‘ +y
Hydraulic Depth, D = % =—

Manning’ atlons:

Velocity,V[nVs]=le’3\/S_ - (SI Units)
n

Velocity, V [fs]= -8 gen J5~ - (English Units)
n

Hazen-Williams Equations [Circular Pipes]:
English Units: Q [cfs], L [ft], D [ft], H [ft]

5=~ | [0=0432005

L C!85D4.87

Discharge, Q [ft*/s] = 1488 spen s - (English Units)
n

Manning's E s: Hazen-Williams Equations [Circular Pipes]:
Discharge, O [m3,s] - —ARm\/S_ - (SI Units) Sl Units: Q [rn3ls], L[m),D [m], He [m]
n

Q = 0.278CD*%5%%

h, 10704

_ 185
S“f- C'® 4% Q

For critical flow, Fr =_V_

VoD
gD
For critical flow, Q = V*A = A\/gD
For normal flow, Z_= AR*"?
For critical flow, Z_ = AJD

For critical flow, V =

Froude Number =

Vv
JeD
Z,=AJD =

Q9
Jg

Ds. Nyewi
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Table 14.1 Geometric Elements for a Circular Section

¥ A Py Ll T b ab  arn
d, d3 do d, dy do dgn dg 3
0.01 0.0013 0.2003 0.0066 0.1990 0.0066 0.0001 0.0000
0.05 0.0147 04510 0.0326 0.4359 0.0336 0.0027 0.0015
0.10 0.0409 0.6435 0.0635 0.6000 0.0682 0.0107 0.0065
0.15 0.0739 0.7954 0.0929 0.7141 0.1034 0.0238 0.0152
0.20 0.1118 0.9273 0.1206 0.8000 0.1398 0.0418 0.0273
0.8660 01774 0.0646 0.0427
09165 02162 00921 00610 )
0.9539 0.2568 0.1241 0.0820
0.40 0.2934 13694 0.2142 0.9798 0.2994 0.1603 0.1050
0.45 0.3428 1.4706 0.2331 0.9950 0.3446 02011 0.1298
0.50 0.3927 1.5708 0.2500 1.0000 0.3928 02459 0.1558
0.55 0.4426 1.6710 0.2649 0.9950 0.4448 02949 0.1825
0.60 0.4920 1.7722 0.2776 0.9798 0.5022 03438 0.2092
0.65 0.5404 1.8755 0.2881 0.9539 0.5666 0.4066 0.2358
0.67 0.5594 19177 0.2917 0.9404 0.5948 0.4309 0.2460
0.70 0.5872 1.9823 0.2962 0.9165 0.6408 04694 0.2608
0.75 0.6318 20944 0.3017 0.8660 0.7296 05392 0.2840
0.80 0.6736 2.2143 0.3042 0.8000 0.8420 06177 0.3045
0.85 0.7115 2.3462 0.3033 0.7141 0.9964 0.7098 03212
0.90 0.7445 2.4981 0.2980 0.6000 1.2408 0.8285 0.3324
0.94° 0.7662 2.6467 0.2896 0.4750 16130 09725 0.3353
0.95 0.7707 2.6906 0.2864 0.4359 1.7682 1.0242 0.3349
1.00 0.7854 3.1416 0.2500 0.0000 oo s 03117
 Maximum flow occurs at 0.94 full depth.
Kirpich Formula [time of concentratjon}: Rational Formg"hw:‘ i
te [minutes], = g%_lg:;”’ L [ft] and S [fV/fi] .

OLENS| Iranny _:_- qu _u i Lt .' .
Rainfall Intensity, i [in/hr] = a(D + b)°
Where: D = duration[hrs]
Where,

a, b and c are local parameters for a given retum period, T in years;
D = rainfall duration in hours.

C= Runoff coefficient
1 = Rainfall Intensity (in/hr)
A = Area in Acres

Da. Nyewt CVEG 4303P01 - Water Resources Engineering < Final Exam <

Spring 2022 6of 15




600

1 [100]

/j Two pipes, a 220 mm (300 m long) cast iron pipe and a 600 mm (1000 m long) new cast iron pipe (C=120), are arranged
: in series in a water distribution system and the total headloss is limited to 30 m. Using the Hazen-Williams equation,
determine the discharge [m%/s] through the system. Assume that specific weight of water = 8810 N/md.

Perform the necessary calculations to determine the length of the equivalent 300 mm older
cast iron pipe (C= 105) for the system.

Assume a flow of 0.10 m¥s in your caiculations for the equivalent pipe as prowded in tl@stable below.

- 1010
Q / 0O Plpe Length | Headloss, H, =
Pipe C Dia [mm] Dia [m] ﬁ%‘s] S= HUL [1 [m] $*Lfm]

1/120 | 226 | 0UL | e.00 | p,o2%| Boo | LY
2/ 120 | 602 | 0. 00| e.100 [0.000% [ oo L O.%
EQv | 105 | 300 | 0.%0| e.100 |0,0027 [1o0g M| (omTT |esm

(a) [4@] Determine the equivalent length of 300 mm pipe, older cast iron (C=1@5), ~~N 0 /A10OO § NG
10.U47 = 0.00aHL)

0Oy  0.0060)

O L=1014a .U

Length of 300 mm pipe [m] = O] U

(b) [35] Discharge in the Eg_sgem w \/ c e.wr Ve
¢ =019 CD S 03“_\
O.
- 0'7_-13LI05)LD’33 e, 0193
-
Tg=20.-3 =omn
Le a4 Discharge [m¥s] =0+
(c) [25]
What are the primary purposes of detention/retention basins. Provude at least2 Be specific in your answer.
D CNTON/ ILCTCNITION bt : NED: TNC
ek & & T3 QN liimYl‘YWNtW{"“'.Mdn\\ NA N
SO WA Y YOO Iﬁ“"@ﬁf’"l\ﬂmm Lo ALY
drea NneyYe, | mn|mnmm:m|mwn AL
mrumrrm&mmm |2y QYED,

Z10)

EE————w e  e——— ———
Da. Nyews CVEG 4303P01 — Water Resources Engineering < Final Exam © Spring 2002
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2 [10@] Forfully rough turbulent flow.
Water is pumped by a pump (P} from right to left in the system shown below through(a 400-mm, 100 mAaivanized

iron pipe (e = @ .16 mm), as shown in the figure. in other to calculate the minor losses, assume the following in
~ ) the figure below: C is a gate valver¥="5: E is a meter-K=-8~F ig.acheck valvg [open). The elbows in the system
o are 90° threaded elbows and the tees are threaded (through flow). The water surface elevation difference to 70 m.

iv_-o L4 D +\.§

‘.—*% 0m | + 001*5*0"'"'”'
¢ D= = - - — — z -\-"I-&\S-*t__l"s""1
Y
9 1
A "4 \b,’\ :33“2‘)
AD

A= Strainer, K= 8
BandD=tee D E
(a) [25] Assuming the flow is fully rough turbulent flow, determine the friction factor for the flow using an
appropriate Friction Factor equation. Provide your answer to 4 decimal places.

= [ *20.01524
31\“0@]
'J.\os( = \U)

Friction factor for the pipe flow [ ]=__ ().
(b) [25] Determine the total {sum) of the minor headloss coefficients for the system. Show all work and
justify your answer fully.

200+ 15+0.094+6+ 15104+ ARARC 5+ G PAEBD D
O (enirang) + S tramer + pancht YLY ROWR - vagnl + KCHY‘:L
+ 0eng +heue vy + 4. 5

Total (sum) of minor headloss coefficients [ ]=__ 5.5
(c) [35] Develop the relationship between the head [m} of the pump {H,) and the flowrate (Q) in the system.
This is the equatton of the system head curve | ints: V=Q/A; the equation is based on the Energy Equation)

\‘\D*ﬂ %-ﬁ\ itathe  wi=Wethg
- 0. o\sq\uoom) \.9'\

Q:t—\vh\_-fQ oy
- o+ @ paproosly B N A I
ey S AL

System head curve equation, Hp= 10+ 1
(d) [15] If the flowrate (Q) is 1250 liters per sec
answer fully. lj_cao,(l’ \_m_'-’ v= 16

0004 A Py FS
S0 (EHUISE =312 M e
O __Ho oF (VIBL e ‘@,\3{: @

T —————  —we——wosse——w
-Bh. Ny CVEG 4303P01 - Water Resources Engineering <>Final Exam < Spring 2022 Bof 15
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3 100 N=R2Amis d0

(Ca) [40] Acircularchannel (n = @.014) with a diameter of 5.00 mis used to convey a discharge of 961 ' \\q.us
m¥/s, determine the normal depth of flow if the channel slope is 5%.
’/) [Hint: You may use Table 14.1 which has been provided. Do not inferpolate, use the closest value - as appropriate

:
L) elee=Dot q=aumis~ K
w No - !
Y L
. -D ~1 ; : .

3 @
Normal Depth of flow [m] =
(@) Im3?

(b) [20] Whatis the area of flow for the flow condition in part o
Show all work.
[Hint: Again, Table 14.1 may be useful. ]

O & - onG%2 L
av: g
215 10.3a8)) = AL )@
Area of flow [m?] = H AL .
J v

(c) [20] What is the hydraulic depth [m] for the flow?

= =49 . p 2 - b2 )0 ~ .08l
T~ 95 8" O 2L\02

0
B
a‘% = 0P T=USY @4@/& @ do
e

Hydraulic Depth of flow [m} =

(d) [20] Whatis the Froude Nu%oﬁa

\l H‘?)OI
T e
(} Mﬂ S W y\.
/ Froude Number of flow [ ] =

| EE— e e B e 3
D, Npews CVEG 4303P01 - Water Resources Engineering < Final Exam < Spring 20229 of 15
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4 [1e0]
A channel with a right triangular section as shown carries a flow of 20
md/s. The velocity of flow=2m/s. Q=VIA)

) (a) [20] Detorrai L0 = |on= /S
W

\S; Depth of flow, y[m]
(b} [25] What is the Froudetumber, Fr, for this flow? n

r—-r‘:‘- \( - ——0;(00\'\
Dzb‘___;ig_ '-:‘-”L‘ =S .81 ¢ HiHb 0‘
T 8u R AN

; ,su_?\\}ef
X\
Froude Number, Fr[} o) - R O\OM

For the construction of the dam shown, a new qu
material is used (Specific Gravity, S=2.25). The
depth of muddy water behind the dam ¢y =11,000
Nim3), h =90 m.

The dam is (L = 100 m) high and X =60 m. P = yh.

Analyze 2 m section of the dam as follows.
(c) [20] Determine the force of the muddy water behind

O dam, F (kN] and its moment M [kN-m] about the

toe of the dam i a.100 w
=P, 000 LU\ A0XH)= 34 NI Toe
100 = i

V-_’\_J_ % g;n’( YX(L \
- c2)
E {for a 2 m section) [kN] =_99, Moment of force, F about the toe_[kN-m] = LLQ_%D 0

(d) [20] Determine the weight of the 2-m dam section, W [kN] “84,100(45)

N = xN-
= 1, 000LZ.29) Llix\oomo w2} = |uB,SOD

T
V‘tmz W [kN] = \U%X{D'D

(e) [15] Determine the uplift force (for the 2-m section) under the dam, U [(kN]

Fy =(qqa¢%‘;)x (0% x2mn) = 001,400

5 U‘,‘mﬁWﬂ) iy =50, L DI
Da. Ny /y!ﬁwm —‘\;I;te}rﬁesources‘(;n?li{leering < Final Exam < Spring 2022 100f1
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5 [100] _0.000M) e
@ o] O o2~ vLI%)

HARDY-CROSS Method: Piping System using Darcy-Weisbach Equation (n = 2); friction factor, f = 0.018.

) PROVIDE THE VALUES for highlighted (BLUE) FIELDSIALL necessary information has been provided.
- ltera Loop Pipeline Len  diam K Qa [cfs] headioss,hf  |hf/Ql  Correction,
tion [ft]  [in] =harz 8 [cfs] Qg\r\/y/
AB 4000 12 1.8136 1.500 4.0806 2.7204 | Q.2 [ 65D
BF 2000 6 29017 1.000 29.017 29.017 [—p.0VL] o 4R ,/
1 FA 1500 6 21.763 -2000 -87.05 43.526 v =
-;:a.’gs 75.264 N
6 Corrections Loop1 31 [ofs)= o.q"w Loop 2 82 [cfs) = O.?y/ 0:)35%.,5\\)
ey
BC 3000 8 10329 1.000 10329 10.329 [p.21 WHEIU
2 O 2000 8 6.886 -0.500 -1.722 3.443 ///
DF 3000 8 10329 -1.500 -23.240 15.494 e
FB 2000 6 29018 -1.000 _-29.018 29.018 [0.0{W | 70 ABH
-43,650 58.283
(b) [50]
Consider the piping system shown. Pipe 1is a 25-cm -> 1‘:\%‘&—.2 -‘;‘ w
(diameter), 600 m long ductile iron pipe (€ = 0.15 mm) in which A v r'
the flow velocity is 5 m/s. Pipe 2 is a 40-cm (diameter), 400 m
long riveted steel pipe (€ = 2.00 mm). The flow is fully rough i Bp—
O turbulent and minor losses are negligible.
(i) [2@] Determine the friction factors (to 4 decimal places) * ] o f
in each pipe using the equation (not the Moody diagram) for =
friction factor. Show your calculations. e \.ﬂ%"iﬁ”"’
{: [—-!-—"3'_\ r N - 0.0\—‘“ /
Yoo j‘% S
A vast . Friction factor in Pipe 1= _ 0 . D171
\ 1~
1‘%0"‘1‘ me) Friction factor in Pipe 2= _ O - Q%M
Cii) [30] Determine the velocity in Pipe 2 [m/s] 3%\ = .O’bo\-\ \uoun) L\]j’
0=+ Q=Y 0-
= % | Tiot) el o)
&l = 0. W% mig SEL\ =N >

g, = 1
@ (0 D\‘\lﬂ ﬂmm\%\ 5oL Velocity in Pipe 2 [mfs] = __ 0.

Da. Nyews CVEG 4303P01 - Water Resources Engineering < Final Exam < Spring
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The IDF {Intensity Duration Frequency} curve parameters for the area (called StationP) below are:
a=3.592and b = 0.238 and ¢ = -0.80? for a return period of 25 vears.

Rainfall Intensity, i [in/hr] = a(D + b)°
c ‘Where: D = duration [hrs]

* ° ° The minimum time of concentration (due to local
ordinance) is 12 minutes.

L. Vi
Manhole no | 3

4

The velocity of flow in the pipes (manhole to manhole in the sewer system) is given in the second table below and the other data for
StationP are given in the first table. Your primary goal is to calculate the peak flowrate [cfs] from sections A, B, C and D for the 25-year

design rainfall at the point where the discharge enters manhole 4 using the Rational Method, o
Data for the watershed [TABLE 1] o'l ‘0:) <
Runoff Length of overland Slope Overland flow travel time G
SECTION | Coefficient travel path [ft] [%] Area [ac] L?f/
A 0.7 1000 2.5 200 WP
B 9.5 1200 4.0 150
G 0.8 2500 5.0 400
D 9.4 1000 3.9 250
Total Area | 1000
“Provide sample calculation for the first row at the right of above table
Data for the sewer system [Table 2] / IS" __mm o mM
Manhole Segment | Length [R] | Velocity [ft/s] | Travel time [min] B ——ﬂ Loy
1-2 1200 2.0 O = o
2-3 1500 3.0 855 7 be = 00"1%\-
34 2500 2.5 W N/ ‘—m"
Provide sample calculation for the first row at the right of alfove table S

(a) [3@] Calculate the time of concentration (using manhole 4 as the reference point or outlet). Complete the
table below and appropriate portions of Tables 1 and 2.
Travel Path [Inlet-Man#1-Man#2-...Outlet] Time of travel [min]

A-1-2-3-|.\ LU{"I*\Dﬂb;‘bHUb‘D Lu.‘ﬁq

Provide sample calculatlon for the first row below and complete the rest of the tab

Time of concentration, t: [minutes] = U\ 5q

(b) [20] Design Rainfall mtensnty i {using IDF formula provided) for StationP V : ﬁ;n\rn( thy
=4 LH@ 0 %09 _ LOom(n
= 3 A (W SAw + O 13%
umuh Rainfall intensity, i [in/hr] =
(c) [25] Determine the composite Runoff Coefficient, C for StationP Y8 o) 100V
T-= ?(.\Ch _ (97%200) *(0.5 x\$0) + 10 gt
- Composite Runoff Coefficient, G [}=__ O . P il
(d) [25] Determine the Peak runoff for StationP (using Rational Formula)
Q= Tx\xA = 0.3 5 HIL00)
StationP peak runoff (with MANHOLE 4 as the OUTLET) [cfs] = LA\
Ds. Njewst CVEG 4303P01 — Water Resources Engineering < Final Exam < Spri 120f 15
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PROPERTIES OF WATER (ENGLISH UNITS)

,_.eEanmqu mqu.wB«iE.mE Mass WQsaQ Absolute Uw_.“_:wo Viscosity _A_.aoamznu_.mnom@ <mvo_.w0mm=qo
) (Ib/R) (b * sec Uit (x 107 Ib » sec/ft?) (x 1075 fe/scc) (psi)
32 62.42 1.940 3.746 1.931 0.09
40 6243 1.940 3.229 1.664 0.12
50 6241 1.940 2.735 t.410 0.8
60 62.37 1.938 2.359 1.217 0.26
70 62.30 1.936 2.050 1.059 0.36
&0 62.22 1.934 1.799 0.930 0.51
90 62.11 1.931 1.595 0.826 0.70
160 62.00 1.927 1.424 0.739 095
110 61.86 1.923 1.284 0.667 1.24
120 61.71 1.918 1.168 0.609 1.69
130 61.55 1.913 1.069 0.558 222
140 61.38 1.908 0.981 0514 2.89
150 61.20 1.902 0.905 0.476 372
160 61.00 1.896 0.838 0.442 4.74
170 60.80 1.890 0.780 0413 5.99
180 60.58 1.883 0.726 0.385 7.51
190 60.36 1.876 0.678 0.362 9.34
200 60.12 1.868 0.637 0.341 11.52
212 59.83 1.860 0.593 0.319 14.70
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Moody Diagram - friction factor, f

Values of (DV) for water at 15°C (diameter in mm x velocity in m/s)

1 2 4 6 81 20 40 60 100 200 400 1000 2000 4000 10000 40000 100000
0.100 _. -"u i _..__ 1 .mmq. AU N - : i ___ —L _ | S _ _:
| : i i | -
0.090 F\ | aminar * Critical ] pph i #. Gtaueh : i “. T .1
0.080 -\ flow e Nqo._wwu,- - Transition z0ne- = g “ Oo:,__u_m_”o _E&:_m:om fully Bcwz v_.umm o e ¥ 3=
2 i —— _ : Fig : ; 1 0.050
0070 +i-% 1 “ e w f“‘..... f T = =
=2 i —_— _ = m 0.040
ft . 1 ! $ fo] Ak ae - ; 1 e e ow
0080 Y | . _ ——t 1=+ 0030
kN _ i _ _ i jerk ] -
0.050 1 mpu.uw... I .“. L ........._.q oo h_ ey 1 } .“. — TOQMD
RASIR-S . 1 L1 il O
w0 o M i ", 0,015
=~ 0.040 -+ 1 i ; i B fend i A R et ot i S 1 i I
hf\m.no - - ] , 1 * _/.../ R 1 1] ™ u_wmmm
2 BRI AN i K T : T T . T
W: 1: A\ v DS - nwal.uz —_— P . TOo_om
030 1+ ! | ~ + = S R S o o i ._ i H T T
4 0G0 \ LT BN e A S 5 0.004
5 ol \ | ; , 1 I D /4\. R- umco\?.\@v h H
B 0025t I y v > R et Mk i ot o RN frevdeeeg et whbo e b oo _lu
i H.t —f_ _. [ [ _m = J/ + % .,:_ _..“ _IOOON
§ Cd NPl | _ | PN A
= ™ . A ~ ]
ombre i Al e T,
-1 ! : ) m - . - 0.0006
[ 1 anqmc__om_eﬁ_.:oo_:v_vmmﬁnle : Pl —— I : : .w:./ : i it 0.000 4
o.odmlf.l oy Era P i & .*...r e .M..-._.W
| Eq.(8.29) . “ _ Eq.851) ' ! BEinn ~_ T _.To.ooom
LT ! Easo::_os. 28 m | . ] e TS 0.0001
i ) n RN < !
i - | [ |
l_ i H | N.___.b DOOQSU i | H ij.mlrw[ 0.00QO&
0010t i 1, Basiusrange —- -1 | ST T T TS
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Reynolds number R ~ DViw (D 1, V ips, » #%/sec; or D m, V m/s, v m?fs)

(Note: If /D = 0.01 and Re = 104, the left arrow locates f = 0.043.)

Relative roughness, e/D
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In all the problems you must provide enough details and description of the solution metliod to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

600
All necessary equations are provided except for elementary relationships you are expected to master.
This is a CLOSED book exam. Please turn off all cell phones and mp3 players and place

them in your book bag in front of the class. Also put away ANY disallowed calculators.
Calculator POLICY (allowed calculators)

( 4 15 R Lolling 285
Submit the entire exam the order given Name [PRINT} % dﬂ 3\1

B Casio: Allix-115 and fx-991 models {Any Casio calculator must have “fx-115* or *x-991"in its mode! name.)
B Hewlett Packard: The HP 335 and HP 355 models, but no others

B Texas instruments: All TI-30X and TI-36X madels (Any Texas Instruments calculator must have “TI-30X" or “TI-36X"in its model name.)

1) All celiphones/smartwatches MUST be placed in your book bag during exams and tumed off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
cellphone/smartwatch (tumed off) on Instructor's desk.

( \ 2) Any student possessing a cellphonefsmartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. Such action will be cheating.

3) CLOTHING: Hoodies are NOT Allowed during exams. No headphones (corded or wireless) are ALLOWED.

4) Calculator covers are DISALLOWED during tests and must be placed in students' book bags during exams.

5) There shall be NO SHARING of resources during the exam. Writing space will be provided in the test.

6) RESTROOM VISIT: if you need to use the restroom, do so before opening the exam. Once the exam begins,
you must submit your work to the instructor if you leave the classroom to visit the rest room (your exam
terminates).

7) You have 110 minutes to complete the exam. Please turn in your work on time.

8) Provide enough detail for each problem you solve. You earn points based on the details you provide.
9) Please work independently.

10) You are required to solve ALL problems. o ) _
_ Dishonesty or failure to adhere to instructions will result in a grade of ZERQ (9. @)

)’

| pledge t% by al] the rules stated for this Exam
Signature: Date;

e JA /
O NAME [PRINT, Lastname, firsthame)]: g\/,]d Al ‘EUII —Sbl\.ca




REFERENCE VALUES AND FORMULAS [Unless otherwise stated or implied, assume the following)

Density of water = 1000 kg/m3 (= 1.94 slugs/ft3) [at 4 °C] L m!ie = 5280 feet
Specific weight of water = 9810 N/m3 (= 62 4 Ib/ft3) and at 4 °C : el 12223,' ?{zds
Gravitationa! Acceleration, g =9.81 m/s2 (= 32.2 fus2) 1 ﬁ::e ; 640 acres
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 14.7 psi) 1t = 0.3048
Gas constant for air, R =287 J/kg.K = 1716 ft-lb/slug-°R 1l _ 1;‘ 59 km
T [K] =t [°C) +273.15 1ﬁ,ug L
T [°R] = t [°F] + 459.67 1P - 1.0 Nim?
1Bu =778 flb LA
1hp =7457W =550t lon )
i Bt i 254mm = 1.@in
1liter = 100@cm3
1m = 1009 liter
Forces on submerged surfaces: Moment of Inertia for a rectangular shape:
F=yhA b3
Ixx = -E
Location of Center of pressure, y,, =5+ %

Buoyant Force:
Fz = y{displaced volume)

Metacentric Helght:

Reynolds Numbaer:
_¥p_pvp
v u

Re

Swamee & Jain and other f Equations:

1.325

Swamee & Jain (1976) [error about 1% from Colebrook equation]

s ]

- for 107 s%s 10 and 5000 <Re < 10"

1

Haaland (1983) [error about 1.5% from Colebrook equation)
r 2

for 4000< Re <10

[felesy ]

Fully Rough/turbulent Flow:

1

f =
210g 372
)

0.316

Smooth Pipe flow for Hydraulically smooth pipes:
Blasius Equation: f = ot [or4000 SRes 10°

Colebrook’s Approximation: o

1

Re
18log} —
8(6.9)

for 4000 <Re <10

2y
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Darcy-Weisbach Equation for friction headloss: Minor headloss Equation:
fLV? v
hf = —D- g h, = EK g ; Where K = loss coefficient
2 2
P V. 2 2
S+t Z=24-247 PARLA Y L S £ S - S
Y 28 Y <8 2% v 2% v
Powersupplied TOpump: | | Power supplied by pump:
prp="2 () (English units) YQH
550m fhp] Power H . = ﬂgﬁf_ horsepower [hp] English Units
pip= 13 [FLT-'] (metric units) [Watts] |Power.H,,,, =yQH, Watts [W] SI Units
umps in Parallel Pumps in series ]
Combined efficiency, n=94ﬂﬂ— Combined efficiency, n=ﬂaﬂl’a.
' ) + 93. _’-_’A + HB.
nA Tl's nA nB

Table 15.1 Roughness Values for Pipes
Equivalent Roughness, Hazen-Williams
Pipe Material € (ft} Coefficient, C
PVC, plastic Smooth 140
Brass, copper, aluminum, glass Smooth 140
Dawn tubing 5% 10- 6 —
Cast iron
new 8.0x10-4 130
old 100
Galvanized iron/ductile pipe 50x10°4 120
Asphalted iron 40x10°4 —
Wrought iron 1.5%10-4 —
Commercial and
welded steel 1.5%10°4 120
Wood stave 200x10~4 120
Concrete 400x10~4% 130
Riveted steel 60.0x10-4 110
Brick sewer - 100
Da. Njews CVEG 4303P01 — Water Resources Engineering < Final Exam < Spring 2022 3of 15




Table 15.3 Minor Head Loss Coefficients

Item Loss Coefficient, K,,,
Entrance from tank to pipe
Flush connection 0.5
Projecting connection 0.8
Exit from pipe to tank 1.0
Sudden contraction (h,,, =K,V /2g)
d,/d, =02 0.48
dy/d, =04 0.42
dy/d, = 0.6 0.32
dy/d, =08 0.20
dy/d, =09 0.05
Sudden enlargement (h,, =K V2 /2g)
d,/d;=09 0.04
d,/d,=08 0.13
d,/d, =06 041
d,/d, =04 0.71
dy/d,=0.2 0.92

Note: Subscript 1 refers to upstream and 2 refers to downstream section.

Table 15.3 Minor Head Loss Coefficients

Item Loss Coefficient, K,,,
90° bend and 180° return—threaded 1.5
45° bend—threaded 04
90° bend and 180° return—flanged 03
45° bend—flanged 0.3
Tee—threaded

through flow 0.9

branched flow 2.0
Tee—flanged

through flow 0.2

branched flow 1.0
Gate valve (open) 0.19
Globe valve (open) 10.0
Angle valve (open) 20
Butterfly valve (open) 03

Note: Subscript 1 refers to upstream and 2 refers to downstream section.

Da. Nyews CVEG 4303P01 - Water Resources Engineering < Final Exam <
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Trapezoidal Channel

1,
Area.A=by+5y'(m, +m,)
Wetted Perimeter, P = b + y(\/l +m +\fl+md)

Top Width, TorB=b+ y(m, + m,)

by+-é-y2(m +m,)

P biylem +l+m)

Hydraulic Radius, R = ﬂ =

Area, A = by

Wetted Perimeter, P = 24/b* + y*
Top Width, ForB=2b

. . A by
Hydraulic Radius,R = —=
P 235’ +y

Hydraulic Depth, D = T

Manning's Equations:

Velocity, V im/sj= 2 RS - (SI Units)
n

Velocity,V[ft/s]=-l'—48—6-R2"3s/.S‘_ - (English Units)
n

Hazen-Williams Equations [Circular Pipes]:
English Units: Q [cfs], L [ft], D [ft], He [ft]

h 47 0=0432CD5

L ClBjD-ISTQ

anning's Equat

Dmcharge,Q[m’ls]— AR”’J_ - (SI Units)

1 486

Discharge, O [ft/s]= —— AR”’J_ - (Bnglish Units)

Hazen-Williams Equations [Circular Pipes]:
Sl Units: Q [m3fs], L [m], D [m], Hy. [m]

Q=0278CD*®§**

h, 10704 .,

L Cl 85 D4.87 Q

For critical flow, Fr =—\-/—

JaD

For critical flow, V = /gD
For critical flow, Q = V*A = A\/gD
For normal flow, Z_= AR?*®

For critical flow, Z, = AVD

Froude Number =

v
JeD
Z,=AJD =

Q2
Jg

B Nyuus
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Table 14.1 Geometric Elements for a Circular Section

§a A Py L T b AD  m
d, d3 do do dy do dg’? dg’?
0.01 0.0013 0.2003 0.0066 0.1990 0.0066 0.0001 0.0000
0.05 0.0147 04510 0.0326 0.4359 0.0336 0.0027 0.0015
0.10 0.0409 0.6435 0.0635 0.6000 0.0682 0.0107 0.0065
0.15 0.0739 0.7954 0.0929 07141 0.1034 0.0238 0.0152
0.20 01118 0.9273 0.1206 0.8000 0.1398 0.0418 0.0273
0.25 0.1535 1.0472 0.1466 0.8660 0.1774 0.0646 0.0427
0.30 0.1982 1.1593 0.1709 09165 0.2162 0.0921 0.0610
0.35 0.2450 1.2661 0.1935 0.9539 0.2568 0.1241 0.0820
0.40 0.2934 13694 0.2142 0.9798 0.2994 0.1603 0.1050
0.45 0.3428 1.4706 0.233% 0.9950 0.3446 02011 0.1298
0.50 0.3927 1.5708 0.2500 1.0000 0.3928 02459 0.1558
0.55 0.4426 1.6710 0.2649 0.9950 0.4448 02949 0.1825
0.60 0.4920 1.7722 0.2776 0.9798 0.5022 03438 0.2092
0.65 0.5404 1.8755 0.2881 0.9539 0.5666 0.4066 0.2358
0.67 0.5594 1.9177 0.2917 0.9404 0.5948 04309 0.2460
0.70 0.5872 1.9823 0.2962 0.9165 0.6408 0.4694 0.2608
0.75 0.6318 20944 0.3017 0.8660 0.7296 0.5392 0.2840
0.80 0.6736 22143 0.3042 0.8000 0.8420 06177 0.3045
0.85 0.7115 2.3462 0.3033 0.7214) 0.9964 0.7098 03212
0.90 0.7445 24981 0.2980 0.6000 1.2408 0.8285 0.3324
0.94° 0.7662 26467 0.2896 0.4750 1.6130 09725 0.3353
0.95 0.7707 2.6906 0.2864 0.4359 1.7682 1.0242 03349
1.00 0.7854 3.1416 0.2500 0.0000 oo oo 03117
» Maximum flow occurs at 0.94 full depth,
i Ia {time of concentration]: Rational Formula:
tc [minutes], = 0—'02(7)31;:'77; L [#] and S [fV)] Q-cia
C= Runoff coefficient
1 = Rainfall Intensity (in/hr)
Intensity-Duration-Frequency equation; A = Area in Acres
Rainfall Intensity, i [in/hr] = a(D + b)°®
Where: D = duration [hrs]

Where,
a, b and c¢ are local parameters for a given return period, T in years;
D = rainfall duration in hours.

D Npewi CVEG 4303P01 - Water Resources Engineering < Final Exam <
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O

600

1 [1e00]

Two pipes, a 220 mm (300 m long) cast iron pipe and a 600 mm (1000 m long) new cast iron pipe (C=120), are arranged
in series in a water distribution system and the total headloss is limited to 30 m. Using the Hazen-Willlams equation,
determine the discharge [m¥/s] through the system. Assume that specific weight of water = 9810 N/m?.

Perform the necessary calculations to determine the length of the equivalent 300 mm older
cast iron pipe (C=105) for the system.

Assume a flow of 0.10 m3/s in your calcutations for the equivalent pipe as provided in thg table below.

& Pipe LengfihlI Headloss, H, =
Pipe c Dia[mm] | Dia[m} [m3/s] $=HLL{[] [m} $'L [m]
1/120 | 220 | .22 | o.100 OB H0m \>9
2| 120 | 600 o 0.100 29964 | 1000m 229
EQV | 105 | 300 05, 0.100 1.3e-2 l()'ﬂc%‘/- S oM

m

(a) [4@] Determine the equivalent iength of 300 mm pipe, older cast iron (C=105). Q= __"“_‘, - ,E.__-——I

(b) [35] Discharge in the system [m¥s]:

Q=.2%8CD

( ‘OQK .?D?.-‘a%/@j g
\

ViRt

2.63

10

e

5%

Length of 300 mm pipe [m] =

g.a
=74

¢ 48+
L Ci- S D .
10 A0 \

& AN -
(1 )22 1)
185
- 0. Fo4 A
TP P73 hd
I‘lwa)(‘(ﬂ J 1,48

ot
&S \
|u'5' ) )

53,

Discharge [m¥s] = . IOi\f?({G)

~indell v

L=}
Vv

| —

.-"'f,.—

(c) [25]
What are the primary purposesof detention/retention basins. Provide at least 2. Be specific in your answer.
Tc Hhe orond of ol fluuin o of € Pro [ Projled ef U
ot \elof o B %k darre v Yt Chowey of ﬂmgmg' é—kf‘f bu;hq“".:i"ﬁ ra
R
l ]

L

D Nyuu

/7
e
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2 [10@7] Forfully rough turbulent flow.
ri

Water is pumped by a pump (P) from right to left in the system shown below through a 400-mm, 100 m galvanized
ron pipe (e = @. 16 mm), as shown in the figure. In other to calculate the minor losses, assume the following in

e figure below: C is a gate valve, K = 5; E is a meter, K= 9; F is a check valve (open). The elbows in the system
re 90° threaded elbows and the tees are threaded (through flow). The water surface elevation difference to 70 m

he water surface elevation difference to 70 m
h - 4
76m :k—,"YO

BandD=tee
(a) [25] Assuming the flow is fully rough turbulent flow, determine the friction factor for the flow using an

appropriate Friction Factor equation. Provide your answer fo 4 decimal pla

(b) [25] Determine the total (sum) of the minor
justify your answer fully. Z
24 .

Total (sum) of minor headloss coefficients [ ]=
(c) [35] Develop the relationship between the head [m] of the pump (H,) and the flowrate (Q) in Te system.
This is the equation of the system head curve. [Hints: V= Q/A; the equation is based on the Energy Equation]
Q
= /_\g-

O

i

-

AS—

A= Strainer, K=8 3

olbt 12

L ]

K_—ZT;@;% [2 \og(”“

Friction factor for the pipe flow [ )=
*llet‘gd&o)s*g(t‘:gquc:ieng forqlr]g syste{gzp ghow all work and
2V BT =199

ol

2Y¥5

\'A 40
[2SF+ 19¢ = oo

Pz*_ 4

-EL“’_\_I_'_?-r =
Y 24 Y o %9
_(o15) (lﬁom) a8 _
234 7
Aoy K G20
" [m]? Justify your

System head curve equation, Hp =
(d) [15] If the flowrate (Q) is 1250 liters per second, what is the HEAD ON THE PU
j._—-“‘r

Spring 2022 8of 15
(<O
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answer fully.
Hp [m] =
i

EITm e
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(Ca) [4@] Acircularchannel (n = ©.014) with a diameter of 5.00 m is used to convey a discharge of 96

m?¥/s, determine the normal depth of flow if the channel slope is 5%.
"ﬂ:‘ [Hint: You may use Table 14.1 which has been provided. Do not interpolate, yse the closest value - as appropriate]

} Q=75 o+ o
Sz .65 Lo

:'6{\/\ e -%- }'.
do b [

20% _

|
Normal Depth of flow [m] = B' ; <

(b) [20] Whatis the area of flow for the flow condition in part (a) [mzl?/ g,
Show all work.

[Hint: Again, Table 14.1 may be useful. ]

O b= 2,Sm

\4:@:03

(c) [20] Whatis the hydraulic de, ] for the flow?

\

Hydrauiic Depth of flow [m] =
(d) [20] Whatis the Froude Number [ ] for the flow?

Froude Number of flow [ ] =

Da. ij‘ CVEG 4303P01 — Water Resources Engineering < Final Exam < Spring 2022 9of 15
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4 [10@]
A channel with a right triangular section as shown carries a ﬂggiv of 20
m3/s. The velocity of flow = 2 mis. Q =9 0™7s

C (a) [20] Determine the depth of flow, y.
4 V= ) en [

-y
A A= 10

1O =
5= y=% V3 Depth of flow, y
(b) {25] What s the Froude number, Fr, for this flow? be A . Om
nls ____ 9
T 2o 2022 'vr
&)
y) X ﬂ;
Froude Number, Fr[ ]

For the consiruction of the dam shown, a new
material is used (Specific Gravity, $=2.25). The
depth of muddy water behind the dam ¢y =11,000
Nim3), h =90 m.

The dam is (L = 100 m) high and X=60 m. P = yh.

Analyze 2 m section of the dam as follows.

(c) [20] Determine the force of the muddy water behind

O dam, F [kN] and its moment M [kN-m] about the
toe of the dam
p— A

(ID)EE
\ .qz 5+ %0

E (for a 2 m section) [kN] = L l% Moment of force, F about the toe_ [kN-m] = M

{d) [20] Determine the weight of the 2 nfdam\@ctlon W [kN]

(ot o)
%qc

W [kN] =

(e) [15] Determine the uplift force (for the 2-m section) under the dam, U [kN]

Spring 2022 100of 15
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n\;ﬁ\ (15290
2 [100] R LA
Ca) [50] 2(5%18
HARDY-CROSS Method: Pip mg §ptem using Darcy-Weisbach Equation {n = 2); friction factor, f = 0.018.
ROVIDE THE VALUES for highlighted (BLUE) FIELDS. ALL necessary information has been provided.

Itera Loop Pipeline Len  diam K Qa [cfs] headloss,hf  |hf/Q]  Correction, ew Q
tion [(ft]  [in] ;ﬂ'EQ""Z 5 [cfs]
AB 4000 12 1.8136 1.500 4.0806 2.7204 |+ .7 1 &5%
BF 2000 6 29.017 1.000 29.017 29.017 |4 . \ %
1 FA 1500 6 21.763  -2.000 -87,05 43.526 ]
75.264
6 Corrections Loop ! 51 (cis}= T 62 [cfs} =
7 S
BC 3000 8 RE Vg
2 €O 2000 8
DF 3000 8 J
FB 2000 6 -7
(b) [50] o enls
Consider the piping system shown. Pipe 1is a 25-cm e
(diamefer), 600 m long ductil iron pipe (g = 0,15 mm) in which ) e l
the flow velocity is 5 m/s. Pipe 2 is a 40-cm (diameter), 400 m
long riveted steel pipe (€ = 2.00 mm). The flow is fully rough —1 =
O turbulent and minor losses are negligible.
(i) [2@] Determine the friction factors (to 4 decimal places) ‘ 1
in each pipe using the equation (not the Moody diagram) for S H|
friction factor. Show your calculations. Yaer

L
e 2%(*%‘% Feton toi
{pey - T - (e
= ﬂ)ﬂ Fricti&r? = >o in Pipe 2= -GM

S+
(ii) [3@] Determine the velocity in Pipe 2 [m/s] \'
-Q
V"’ h R,
30
( Velocity ipe 2 [m/s] =

Da. Npewst CVEG 4303P01 — Water Resources Engineering <>Final Exam <= Spring F&—g
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The IDF {Intensity Duration Frequency) curve parameters for the area (called StationP) below are:
a=3.52 and b = 9.238 and c = -0.809 for a return period of 25 years.

& Rainfall Intensity, i [in/hr}= a(D + b)°
T\\\ — - Where: D = duration [hrs]

The minimum time of concentration (due to local
Monhole no | 3
4

ordinance) is 12 minutes.
The velocity of flow in the pipes (manhole to manhole in the sewer system) is given in the second table below and the other data for
StationP are given in the first table. Your primary goal is fo calculate the peak flowrate [cfs] from sections A, B, C and D for the 25-year
design rainfafl at the point where the discharge enters manhole 4 using the Rational Method.

Data for the watershed [TABLE 1] L
Runoff Length of overland Slope Overland flow travel time {4 = ‘Jﬁﬁ?
SECTION | Coefficient |  travel path [f] rt] | Areafac] [min] s
A 0.7 1000 2.5 200 2" ARS
. s ——wE
B 0.5 1200 4.9 150 2%/ 625
C 0.8 2500 5.0 400 o, /
D 0.4 1000 3.9 250 (ot
Total Area

Provide sample calculation for the first row at the right of ahove table
Data for the sewer system [Table 2]

VIO s o 10mS

Manhole Segment | Length [ft] | Velocity [ftis] | Travel time [min] | 2 ¢Hs T
1-2 1200 2.9 Omin
2-3 1500 3.0 o5
3-4 2500 2.5 fodotn /

Provide sample calculation for the first row at the right of alkfve table

(a) [3@] Calculate the time of concentration (using manhole 4 as the reference point or outlet). Complete the
table below and appropriate portions of Tables 1 and 2.

Travel Path [inlet-Man#1-Mank2-...Outiet] Time of travel [min] /; b 5A+0,04 §:3+ el = 4 HI
A-12-37Y = (,594 16+ 3. 3+ 1Ll W4

B 2382 bt 357t 225 7

C-a=4 = 1523+ bl 2,32 /
(P-2=4 = % ¥ Kol 22,3

24 = [Gile

Provide sample calculation for the first row below and complete the rest of the table /
Time of concentration, t. [minutes] = AL “”f" >
(b) [20] Design Rainfall intensity, i (using IDF formula provided) for StationP
/

~.809
5592 (; 228)

A Design Rainfall Intensty, i [Inlhr] g
(c) [25] Determine the composite Runoff Coefficient, C for

(Fv2aD +(5080)+ (g * L)+ (14
Ao H(SiE

K q (L.omposite Runoff Coefficient, C [ = \
&B(d) [25] Determine the Peak rungff-fo StationP (using Rational Formuls) "

G i1e 0y 7P

4 as the OUTLET) [cfs] =

CVEG 4303P01 — Water Resources Engineering < Final Exam <
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PROPERTIES OF WATER (ENGLISH UNITS)

Temperature Specific Weight Mass Density Absolute Dynatnic Viscosity Kincmatic Viscosity Vapor Pressurc
(°F) s P 2 o 2 Y Py
(Ib/R) (Ib » sec 1t (x 107 Ib * scc/ft”) (x 107 fé/sec) (psi)
32 62.42 1.940 3.746 1.931 0.09
40 62.43 1.940 3.229 1.664 012
50 6241 1.940 2.735 1.410 0.18
60 62.37 1.938 2.359 1.217 0.26
70 62.30 1.936 2.050 1.059 0.36
80 62.22 1.934 1.799 0.930 0.51
90 62.11 1.931 1.595 0.826 0.70
100 62.00 1.927 - 1.424 0.739 0.95
110 61.86 1.923 1.284 0.667 1.24
120 61.71 1.918 1.168 0.609 1.69
130 61.55 1.913 1.069 0.558 2.22
140 61.38 1.908 0.981 0514 2.89
150 61.20 1.902 0.905 0.476 372
160 61.00 1.896 0.838 7 0442 4.74
170 60.80 1.890 0.780 0413 5.99
180 60.58 1.883 0.726 0.385 7.51
190 60.36 1.876 0.678 0.362 9.34
200 60.12 1.868 0.637 0.341 11.52
212 59.83 1.860 .593 0.319 14.70
Dr. Nyewst CVEG 4603 - Water Resources Engineering - Exam 1 Spring 2016  140f 15
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Moody Diagram - friction factor, f

Values of (DV) for water at 15°C (diameter in mm * velocity in m/s)

1 2 0 20 40 60 100 200 400 1000 2000 4000 10000 40000 100000
0.100 p—4 ._._ L ...._.;q_ T_ redio b l _.Iﬂ..l..ri.-.l._ e L .l.
0.09% "\ Laminar " Critical b 7,.~ g i _ﬂ ” i " _‘ i A _,1
.l__ fl L R ] i § § } | i
0.080 nT -_.qoi L ——'- Transition zong - * .T.,l |||||| Ooau_m.m Eac_m:nm fully qocm: pipes .-.--_z 1 m
0.070 Y | +. H g s e e b g 0.050
N — _ e — = 0.040
0.060 b - 3 o fros i e 1 S i H
C % | 1 ; = 0.030
o E H ! \ _ _ Ly i -
0050 B\ i J.., m e —— b 0,020
L. 1 - | 0 “ ! b L]
" SHE AW - S — " : et 0.015
X 0.040 F i) periin _“ e ./.__,..-.....T. __ T 8 S g bl e
.nfm.; SEEERA Y L I EEEE —— ety 0.010
..n:uf EESIER-AY i //_/. m 1 = _ 1 m”_f W0.00m
030 =+ | N e e . ; S Oy g Pty Prrcty et [ 11 | prordget -
aosp e QN ===k oot
5 o Vo L ; | . P /\\H umookm\bv i | H
G Q.OMW |r.—;. B Y - .w ) m». b, » REESE i + ﬁ +lb..r;.v“ — ~ {1 4 [ !+.+. ._;.&.l
R Ci / [ i ] N T 4 W * , T —== 0.002
e RN Voo : i MOHE . (1
g i \ _ . L] RN BERIE PP
. 0.020 oo Soeborferbed 1 i = T e e = e
—.m ul ‘/ 1 I ‘M ] ’ ; : : ~— m i — 0.0008
RRE ] ] i : T 1 Iy ; 0.0006
il I<a_,m:_.om__<w33§ pipes {e = 0) -+ S ; | 0.000 4
0.015 11— bt r;_r..T.. T ot *w. NI e ] i
[ Eq.(829)] N Eq. (8.51) i B NNy 0.0002
™ = v = — — - e | H
|G M EAE “Turbutent n_oi : ! _ _ I 0.0001
: i : !
i i b
- [ BEN e/D = 0.000005 - 0.00005
0.010 p! gt e e us range - H T s e o | ST
- | i~ p ol - rREE e 1= 3 S o Piat]d
0.009 l..s‘m R ] ¢. . ..n- fed o dand mn— A@ &v bl t._ I .m! m et &\U = 0.000001: .
o.oom!_.:: ] P bt kibaa S T T W A TG SO SRR (0 T O 0 A RO AN AN PR A 9 O = 0.000 01
6 810° 2 3456810° 2 3 4568105 2 3 456 810° 2 3 456 8107 2 3 456 810°

Reynotds number R = DVjv (D f1, V fps, » #t%/sec;or D m, V m/s, » m%s)

(Note: If e/D = 0.01 and Re = 104, the left arrow locates f = 0.043.)

Relative roughness, ¢/D
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NN  Department of Civil & Environmental Engineering

= CVEG4303-Po1 Water Resources Engineering Spring 2022
& D News IN E
Submit the entire exam the order given Name [PRINT) S{W hl‘-{/ Tule)

In all the problems you must provide enough details and description of the solution method to demonstrate your
knowledge of the solution method. A substantial portion of the grade will be based on your methods.

T—
600

All necessary equations are provided except for elementary relationships you are expected to master.
This is a CLOSED book exam. Please turn off all cell phones and mp3 players and place
in your book bag in front e class. Also put away ANY disallowed calculators.

Calculator POLICY (allowed calculators)

B Casio: Allfx-115 and fx-991 models (Any Casio calculator must have “fx-115or *fx-991"in its model name)
B Hewlett Packard: The HP 335 and HP 355 models, but no others
B Texas instruments: All TI-30X and TI-36X models (Any Texas Instruments calculator must have “Ti-30X" or “TI-36X"inits model name.)

1} All celiphones/smartwatches MUST be placed in your book bag during exams and tumed off. Book bags MUST
be placed in front of the classroom and away from students. Students without a book bag must place
cellphone/smartwatch (tumed off) on Instructor's desk.

O 2} Any student possessing a cellphone/smartwatch or any other unauthorized device WILL receive an automatic
zero for the test/assignment. Such action will be cheating.

3) CLOTHING: Hoodies are NOT Allowed during exams. No headphones (corded or wireless) are ALLOWED.

4) Calculator covers are DISALLOWED during tests and must be placed in students' book bags during exams.

5) There shall be NO SHARING of resources during the exam. Writing space will be provided in the test.

6) RESTROOM VISIT: if you need to use the restroom, do so before opening the exam. Once the exam begins,
you must submit your work to the instructor if you leave the classroom to visit the rest room (your exam
terminates).

7) You have 110 minutes to complete the exam. Please turn in your work on time.

8) Provide enough detail for each problem you solve. You earn points based on the details you provide.
9) Please work independently.
10) You are required to solve ALL problems.

_ Dishonesty or failure to adhere to instructions will result in a grade of ZERO (0.9)

| pledge to abide by.all the rules stated for this Exam
Signature: ‘ Date: SI/ \0 ,I v

v
C NAME [PRINT, Lastname, firstname]: TU Il"’—l So !’ I’I we




REFERENCE VALUES AND FORMULAS [Unless otherwise stated or implied, assume the following]

Density of water = 1000 kg/m3 (= 1.94 slugs/ft3) [at 4 °C) Imile = 5280 fest
Specific weight of water = 9810 N/m3 (= 62.4 Ib/t3) and at 4 °C : me :;gmzds
Gravitational Acceleration, g = 9.81 m/s2 (= 322 fus2) 1 :ﬁ;e ; 640 acres
Standard atmospheric pressure = 101.3 kPa (= 2117 psf = 14.7 psi) 1t = 0.3048
Gas constant for air, R = 287 J/kg.K = 1716 ft-lb/slug-°R 1l - 1&. 59 km
T [K] =t [°C] +273.15 1 lsbug - 4 ;148 Ng
T [°R] = t [°F] + 459.67 1P - 1.0 Nim2
1Btu =778 ftlb TR s
thp =7457W =550 ftlb L
= L 254mm = 1.9in
1lter = 100@cm?
1md = 1000 iiter
Forces on submerged surfaces: Moment of Inertia for a rectangular shape:
= 3
Location of Center of pressure, y P -a‘;

Buovyant Force:
Fs = Y(displaced volume)

Metacentric Helght:

Reynolds Number:
YD _pVD
v p

Swamee & Jain and other f Equations:

1.325

Swamee & Jain (1976) {error about 1% from Colebrook equation]

[= T
£ 574

for 10°¢ s%s 102 and 5000 < Re < 10°

f= '

Haaland (1983) [error abont 1.5% from Colebrook equation)
2

for 4000< Re < 10°

027¢\" 69
{—l.ﬂlog[(—n ) +‘ﬁ;

}

Fully Rough/turbulent Flow:

1
37D
£

f=
21

316

Smooth Pipe flow for Hydraulically smooth pipes:
Blasius Equation: f = ORW for 4000 < Re <10’
e

Colebrook’s Approximation: ta 1 | for0m <Re <10’
18log| —
3 5.9)
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Darcy-Weisbach Equation for friction headloss: Minor headloss Equation:

VZ VZ
h, = % % h,=3 K 2 Where K = loss coefficient
P V2 2
_i+_l+zl=_'l'+ 2 +22 Hp+ﬁ+&+zl=Hr+L%+£z+zz+hL
Y 2g Y 2¢g % v TR

Power supplied TOpump:

YQH, T
BHP= 350 [FLT=!] (English units) [hp]
H
BHP = rQn £ IFLT™'] (metric units) [Watts]

hPower supplied by pump:

Power,H,,, = % horsepower.ihp] English Units

Power,.H = 7éH , Witts {W] ST Units

umps in Parallel
Combined efficiency, n=95i9‘—

Pumps in series
Combined efficiency, 7= 4+ s
H, He
M s

Table 15.1 Roughness Values for Pipes

Equivalent Roughness,

Hazen-Williams

Pipe Material € (ft) Coefficient, C
PVC, plastic Smooth 140
Brass, copper, aluminum, glass Smooth 140
Dawn tubing 5x10° ¢
Cast iron

new 80x10°4 130

old 100
Galvanized iron/ductile pipe 50x10°4 120
Asphalted iron 40x10°4 —
Wrought iron 1.5x10°4
Commercial and

welded steel 1.5%104 120
Wood stave 200x 104 120
Concrete 400x10~4 130
Riveted steel 60.0x10-4 110
Brick sewer - 100

Da. Npews CVEG 4303P01 — Water Resources Engineering < Final Exam < Spring 2022 3of15




Table 15.3 Minor Head Loss Coefficients

Item Loss Coefficient, K,
Entrance from tank to pipe
Flush connection 0.5
Projecting connection 0.8
Exit from pipe to tank 1.0
Sudden contraction (h, =K,V /2g)
dj/d, =02 0.48
dy/d, =04 0.42
d,/d, =06 0.32
dy/d, =08 0.20
dy/d, =0.9 0.05
Sudden enlargement (h,, =K,,V?/2g)
d,/d, =09 0.04
d,/d, =08 0.13
dy/d, =06 0.41
d,/d, =04 0.71
d,/d,=0.2 092

Note: Subscript 1 refers to upstream and 2 refers to downstream section.
Table 15.3 Minor Head Loss Coefficients

Item toss Coeffici
90° bend and 180° return—threaded 1.5

45° bend—threaded 04
90° bend and 180° return—flanged 0.3
45° bend—flanged 03
Tee—threaded

through flow 0.9

branched flow 20
Tee—flanged

through flow 02

branched flow 10
Gate valve (open) 0.19
Check valve (open) 20
Globe valve {open) 100
Angle valve (open) 20
Butterfly valve (open) 03

Note: Subscript 1 refers to upstream and 2 refers to downstream section.

Da Nyewt CVEG 4303P01 - Water Resources Engineering <> Final Exam < Spring 2022 4of 15



Trapezoidal Channel

Area,A=by+—;—y’{m, +m,)

Wetted Perimeter, P = b + y{\/l +ml +yfl+m?)
Top Width, T orB= b+ y(m, + m,)

by+ %)2(m, +m,)

b+)(\‘l+m -hjl+m2

Hydraulic Radius, R = A =

Arca, A =by

Wetted Perimeter, P = 2\/b” + y*
Top Width, TorB=2b

Hydraulic Radius, R = 4 = — 2

P oafbiey

Velocity.V[m/s]=lRm\/S_ - (St Units)

1 486

Velocity, V {ft/s] = Rms/_ - (English Units)

Hazen-Williams Equations [Circular Pipes]:
English Units: Q [cfs], L [ft], D [ft], H. [ft]

-0 [0=043200%55%

Manning's Equa
Discharge, Q [m’/s] = —AR’”JS_ -(SI Units)

1 486

Discharge, Q [ft/s] = — ARMJ— - (English Units)

Hazen-Williams Equations [Circular Pipes]:
St Units: Q [m3/s], L [m], D [m], H. [m]

Q =0.278CD*% 5"

B, 10704 o

S= L CI.SS 487 Q

For critical flow, Fr A
\/g_D
gD
For critical flow, Q = V*A = A\/gD
For normal flow, Z = AR*?

For critical flow, Z_ = AYD

For critical flow, V =

Vv

JzD

Froude Number =

Z,=AJD =

o
7

=

CVEG 4303P01 - Water Resources Engineering < Final Exam <
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Table 14.1 Geometric Elements for a Clrcular Section

’ e o AB  mw
do dO do ds IZ dg 13
0.01 0.2003 0.0066 0.0001 0.0000
0.05 04510 0.0336 0.0027 ' 5
0.10 0.6435 0.0682 0.0107 00065
0.15 0.7954 0.1034 0.0238 0.0152
0.20 0.1118 0.9273 0.1398 0.0418 0.0273
0.25 0.1535 1.0472 01774 0.0646 0.0427
030 0.1982 1.1593 0.1709 09165 0.2162 0.0921 0.0610
035 0.2450 1.2661 0.1935 0.9539 0.2568 0.1241 0.0820
0.40 0.2934 13694 02142 0.9798 0.2994 0.1603 0.1050
0.45 0.3428 1.4706 0.233 0.9950 0.3446 02011 0.1298
0.50 0.3927 15708 0.2500 1.0000 0.3928 02459 0.1558
0.55 0.4426 1.6710 0.2649 0.9950 0.4448 0.2949 0.1825
0.60 0.4920 1.7722 0.2776 0.9798 0.5022 03438 0.2092
0.65 0.5404 1.8755 0.2881 0.9539 0.5666 0.4066 0.2358
0.67 0.559%4 19177 0.2917 0.9404 0.5948 0.4309 0.2460
0.70 0.5872 19823 0.2962 0.9165 0.6408 04694 0.2608
0.75 0.6318 2.0944 03017 0.8660 0.7296 05392 0.2840
0.80 0.6736 2.2143 0.3042 0.8000 0.8420 06177 0.3045
0.85 0.7115 2.3462 0.3033 0.7141 0.9964 0.7098 03212
0.90 0.7445 24981 0.2980 0.6000 1.2408 0.8285 0.3324
0.94° 0.7662 2.6467 0.2896 0.4750 1.6130 09725 0.3353
0.95 0.7707 2.6906 0.2864 0.4359 1.7682 1.0242 0.3349
1.00 0.7854 3.1416 0.2500 0.0000 oo oo 03117

* Maximum flow occurs at 0.94 full depth.

Kirpich Formula {time of concentration]):
0.0078L.0.77
0.385

tc [minutes], = = ; L [ft] and S [fV/ft]

Rainfall Intensity, i [inlhr] ~ a(D4 b

Where: D = duration [hrs]
Where,

4, b and ¢ are local parameters for a given return period, T in years;
D = rainfall duration in hours.

Rational Formula:
Q=ClA

C= Runoff coefficient
I = Rainfall Intensity (in/hr)
A = Area in Acres

Dr. Nyews CVEG 4303P01 — Water Resources Engineering <> Final Exam < Spring 2022 60of 15
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600

1 [100]

Two pipes, a 220 mm (300 m long) cast iron pipe and a 600 mm (1000 m long) new cast iron pipe (C=120), are arranged
in series in a water distribution system and the total headloss is fimited to 30 m. Using the Hazen-Willlams equation,
determine the discharge [m/s] through the system. Assume that specific weight of water = 9810 N/m?.

Perform the necessary calculations to determine the length of the equivalent 300 mm older
cast iron pipe (C= 105) for the system.
Assume a flow of 0.10 m3/s in your calculations for the equivalent pipe as provided in the table below.

Pipe Length | Headloss, H, =

9 Pipe C Dia[mm] | Dia[m] fm3/s] S=HUL[] [m] $*L [m]
% (|_1l120| 220 | 0.9 | e.100 ON | 300 \30/
2] 120 | e00 0.0 0.100 o.o’j\\ L A0/
V\%S“EQV 105 | 300 0. 0.100 D-Od‘l\'l// 3 o}é 75\
/\
(a) [4@] Determine the equivalent length of 300 mm pipe, older cast iron (C=105). \
Qe b o I, WM puss '
- CV.%8 p¥7
0" = b oY
O = Z (0 ol

O

L (09 03y ¥
= 3%0m = 4.7 x 03

i
@ -~ L:}DQ’LSW\

Length of 300 mm pipe [m] = YN, B
(b) [35] Discharge in the system [m?/s]: J \
Q=021 CpZe3 §o-5

= bagy (195 )(0:3) %7 (o) M

=0.1 ™/s
Discharge [m¥s] = 0,1
(c) [25]
What are the primary purposes of detention/retention basins. Provide at least 2. Be specific in yoyr answer.
44 h oy r f_ (M |n
! 1S “v.m 1 [V
A

TS
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S

2 [10@1 For fully rough turbulent flow.
Water is pumped by a pump (P) from right o left in the system shown below through a 400-mm, 100 m galvanized
iron pipe (e = @. 16 mm), as shown in the figure. In other to calculate the minor losses, assume the following in

the figure below: C is a gate valve, K = 5; E is a meter, K=9; F is a check valve (open). The elbows in the system
are 90° threaded elbows and the tees are threaded (through flow). The water surface elevation difference to 70 m.
The water surface elevation difference to 70 m.
2 ' ¥n=153
i 70m
t- - - - = - ¥
. Pr- Wy~ 10
- = 0D wm"
A= Strainer, K= 8
Band D =tee o E
(a) [25] Assuming the flow is fully rough turbulent flow, determine the friction factor for the flow using an
appropriate Friction Factor equation. Provide your answer to 4 decimal places.
_ I -—
f 2109 ’5.10) = 7_!95@“1"'170) - 0
€ 0.1
Friction factor for the pipe flow [ = 0.
(b) [25] Determine the total (sum) of the minor headloss coefficients for the system,Sh rk and

justify your answer fully. f 7 %{ %Q%W

2k= S+ 4416

Total (sum) of minor headloss coefficients [ }= )

(c) [35] Develop the relationship between the head {m] of the pump {H,) and the ﬂov(r;(e (Q)\b\the system.
This is the equation of the system head curve. [Hints: V= Q/A; the equation is based on the Energy Equation]

V= &/A

= (G‘ML 5 P o QL7 N S Y. ?
’ P 1 + 7-6 2 -+ l\.,) _ﬁ- }l
System head curve equation, Hp = (@M’%

(d) [15] If the flowrate (Q) is 1250 liters per second, what is the HEAD ON THE PUMP%VOUF
answer fully

e ot

P e
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P 2Ty

3 [1e0]

(a) [4@] Acircularchannel (n = 0.014) with a diameter of 5.00 m is used to convey a discharge of 96
m3/s, determine the normal depth of flow if the channel slope is 5%.
[Hint: You may use Table 14.1 which h

as been provided. Do not intel

late, use the closest value — as appropriate

R= T ARV - RET
B R By o
L‘F %L~ g.om A (10 ( ”’"") y
"‘T‘\lwn A:- 5%, 8"} b
.ﬁmnlbl.\
D= }_q'_ =
T

(b) [20] Whatis the area of flow for the flow condition in part (a) [m?]?

()

Normal Depth of flow [m] =

Show all work.

[Hint: Again, Table 14.1 may be useful. ]

A= B0 < -'[l‘bl” 3 @

[20] Whatis the hydraulic depth [m] for the flow?
D= BT 0. 0147

f=2p  VMBeA @

Area of flow [m9]= & §. &%

Hydraulic Depth of flow [m] = 0 ‘
(d) [20@] Whatis the Froude Number [ ]} for the flow?
) - | A
- WMQD V= R VS = T (1)~ (Voo
A1 X V= 1. 4!
= [ l.
V@Emnﬁﬁp
Froude Number of flow [ ] = '

Dr. Nyewt CVEG 4303P01 - Water Resources Engineeting <> Final Exam <




4 [100]
A channel with a right triangular section as shown carries a flow of 20
m3/s. The velocity of flow = 2 m/s.
(“" ») (a) [20] Determine the depth of flow, y.

y

D= w/'L 7

Depth of flow, y [m]
(b) [25] What is the Froude number, Fr, for this flow?

fr? _——.V = 2 "5

P Vasen

Froude Number, Fr[]

For the construction of the dam shown, a new
material is used (Specific Gravity, $=2.25). The
depth of muddy water behind the dam ¢y =11,000
Nim3), h =90 m.

The damis {L = 100 m) high and X =60 m. P = yh.

Analyze 2 m section of the dam as follows.

" (c) [20] Determine the force of the muddy water behind
C dam, F [kN] and its moment M [kN-m] about the
toe of the dam _K
Juovo) C2)(£x boxdo)
L} m m Z -

¥im

SAH 00000 N = SqugD N e
a9
7

E (for a 2 m section) [kN} = 59 4 Moment of force, F about the toe_[kN-m]
(d) (20] Determine the weight of the 2:n'dam gection, W [kN]

w-;

O A )= ’\/

k|
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i HARDY-CROSS Method: Piping System using Darcy-Weisbach Equation (n = 2); friction factor, f = 0.018.
4{: ) PROVIDE THE VALUES for highlighted (BLUE) FIELDS. /ALL necessary information has been provided.
ltera Loop Pipeline Len diam K Qa [cfs] headloss,hf  |Khf/Q]  Correction, wQ
tion [f]  [in] o 3 [cfs] K
AB 4000 12 1.8136 1.500 4.0806 2.7204 | D0.%9F | |\Tve
BF 2000 6 29.017 1.000 29.017 _29.017 0358 0’.%0—

1 FA 1500 6 21.763 -2000 -87.05 43.526 | p e l—7 -SORT—
-58.95  75.264 -

6| Corrections Loop? 31 [cfs)= 055 Loop 2 82 [cfs] = 0! M

BC 3000 8  10.329 1.000 10.329 10.329 [ 0. 34 ﬁ;a...é‘;("m
2 CO 2000 8 0.500™\ -1.722  3.443 | 6334 = o g9

g
DF 3000 8 1.500 123.240 15.494 | Baer—t=T W] ¥
FB 2000 000 29.018

(b) [5e] ( /

Consider the piping system shown.Pipe 1is 25-cm >
{diameter}, 600 m long ductile iron pipe (€ = 0.15 mm) in which Y 1] l
the flow velocity is 5 m/s. Pipe 2is a 40-cm (diameter), 400 m
long riveted steel pipe (€ = 2.00 mm). The flow is fully rough — B e
O turbulent and minor losses are negligible.

(i) [20] Determine the fiction factors (to 4 decimal places) v 4
in each pipe using the equation (not the Moody diagram) for (2]
friction factor. Show your calculations. 5

£ _ - D174
‘ 2\056:251‘-)9 A (5 3—1&& Friction factor 0. 'M

fo- -
TRV o3
2'"5 -~ Friction factor pe 2 1

(it) [3@] Determine the velocity in Pipe 2 [m/s]

(25) Cem)(SE) =

Da. Npewrt CVEG 4303P01 — Water Resources Engineering < Final Exam < Spring 2022 11of 15
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6 [100]

The IDF (Intensity Duration Frequency) curve parameters for the area (called StationP) below are:

a=3.592and b = 0.238 and ¢ = -0.809 for a return period of 25 years.,

A B

h

Monhole no. |

3
4

‘Where: D =

Rainfall Intensity, i {in/hr] = a(D + b)°

duration [hrs]

The minimum time of concentration (due to local
ordinance) is 12 minutes.

The velocity of flow in the pipes (manhole fo manhole in the sewer system) is given in the second table below and the other data for
StationP are given in the first table. Your primary goal is fo calculate the peak flowrate [cfs] from sections A, B, C and D for the 25-year
design rainfall at the point where the discharge enters manhole 4 using the Rational Method.

/g, = 0.9078 ()

Data for the watershed [TABLE 1]
Runoff Length of overland Slope Overland flow travel time G“;) 0,385
SECTION | Coefficient | trave! path [} Ps] | Areafac] [min]
A 0.7 1000 2.5 200 .59 7 = (.59
B .5 1200 4.0 15¢ 3% [
c 0.8 2500 5.0 400 o 9/ Yp= .23
D 0.4 1000 3.0 250 kvw/
Total Area | V0D > te =Y
Provide sample calculation for the first row at the right o ve tabl
Data for the sewer system [Table 2] /Lm bb =L,
Manhole Segment | Length [f] | Velocity [fs] [ Jfave! time [m] .-t b
1-2 1200 2.0 £ h.‘i,g‘?&
23 1500 3.0 \ Loy s
3-4 2509 2.5 N [0 vv

(a) [3@] Calculate the time of concentration (using manhole 4 as the reference point or outlet). Complete the
table below and appropriate portions of Tables 1 and 2.

Travel Path [Inlet-Man#1-Man#2-...Ouiet}.. | Time of trayet{min]
A-1-2-3 i e
SAETING
ot N
/

Provide sample ca]cu/lWr the first row below and complete the r%t‘tlz)le/ @Nﬁ’
\
12

Time of concentration, t: [minutes] =
(b) [2@] Design Rainfall intensity, i {using IDF formula provided) for StationP”

~0. 809
- a \345) C . (3,549 C-'c% 40.133%)

M Design Rainfall intensity, i [inhr] = 1, D5 $
(c) [25] Determine the composite Runoff Coefficient, C for StationP

SC=0.7+ 0.540, 84 "_'i@< e,

Composite Runoff Coefficient, C [] - Y -
(c) [25] Determine the Peak runoff for StationP (using Rational Formula) b
Q- CVA = (2,4) (1.05) (10D0 apres)

forc B

StationP peak runoff (with MANHOLE 4 as the OUTLET) [cfs] = ]
Da. Nypews CVEG 4303P01 — Water Resources Emeering < Final Exam <
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PROPERTIES OF WATER (ENGLISH UNITS)

O

Te Evmz_n:qo mvnn_.moeéommg Mass anmi Absolute Uw:n_s_.n Viscosity _Qso_smnn“_:moom@ Vapor ”ommca
2 (b/f%) (Ib » scc ¥ft") (< 107 Ib * scc/ft?) (% 107 tf/scc) (psi)
32 62.42 1.940 3746 1.931 0.09
40 62.43 1.940 3.229 1.664 0.12
50 62.41 1.940 2.735 1.410 0.18
60 62.37 1.938 2.359 1.217 0.26
70 62.30 1.936 2.050 1.059 0.36
80 62.22 1.934 1.799 0.930 0.5t
90 62.11 1.931 1.595 0.826 0.70
100 62.00 1.927 1424 0.739 095
110 61.86 1.923 1.284 0.667 1.24
120 61.71 1.918 1.168 0.609 1.69
130 61.55 1.913 1.069 0.558 222
140 61.38 1.908 0.981 0.514 2.89
150 61.20 1.902 0905 0.476 372
160 61.00 1.896 0.838 0.442 4.74
170 606.80 1.890 0.780 0.413 599
180 60.58 1.883 0.726 0.385 7.51
190 60.36 1.876 0.678 .362 9.34
200 60.12 1.868 0.637 0.341 11.52
212 59.83 1.360 0.593 0319 14.70
CVEG 4603 - Water Resources Engineering - Spring 2016 14 0f 15




Moody Diagram - friction factor, f

Values of (DV )} for water at 15°C (diameter in mm * velocity in m/s)

1 2 4 6 810 20 4060 100 200 400 1000 2000 4000 10000 40000 100000
o..—s . T ] - ...-.w. ._._ __ : : 1 ~ 1 ~— .” ; 1 .._..-|I._r.”|.q..|-.r | . : j 1 T .u]
o.owor.rma.,:mq_._o%om_ FETT -.._.r/“ it ﬁ_ PR mm.... m _ 1 -
L ] [ i { I 3 ¢ -
0.080 =} flow ] momw.n......‘-.n.l_.qm:mao: No:mur.ﬁr,..{ =T Oo_.z_u_mam .:Ec_mznm _:_z ch_.. u_vom Rl R R b
I.. . HEEET ”I_-.. TR T _... [ | H .... i ._ | . s Oomo
a : 4_.,_,,.# _: - L et 0.040
- I s o - . - { bt
0.060¢F — ] - — = 0.030
- i // i h. { ] _ ” .
0.050 1~/ P e F<TH1++H0.020
F i b 9 1 i 1
| e m . _ — i 0.015
_.....WM 0.040 |- 1T/;/.r§...t:.w.s“..,u S _ _ i 1 £y .
.f.-ww ) o .f/“ __ ] - m T m. 4 + T oo.—o
) - : S — 7 0.008
=2 - —r et = sttt 0.006
o =1 \ b "™ R = 3500/(e/D). HRE
] - _ ] v S | SN M = el I ._ S W WU | [ 2] ¢_1 1 g
$ 0026 ..iﬂ; L T — B AN S et 0.002
= o L i i 1 T 1_/ i IR ! _ Tt =1 0.
5 S SR e N | Tie
- [ . H ﬂ. H . — H ._’l.'._ &= - el e ._ yoon
r.m_l 0.0NO ”...“X. wl val.._v.u4 Ty .”. 1 .“. H — - ., B m LI . w __ w m _ 1 1 mmwwm
e I_‘a..mc__om__w__ﬁ..:ooﬁ pipaes Amle — : ; . ", : Iwr. . : _ . 0.000 4
0.015 b+ “i ek s .1.‘:_ by i 4 O I o B LR NUERY, } ,ﬁ bbbk Y
- Ry . ———— e — H0.0002
[Eq.829)| | . .0 ] mmmmrm:-;rfi _ Ay L U
LT | 7T Turbulent fiow T ; n T ~—++T+0.000 1
] S i . - RN
il H L = 000000s L e
0.010 !+ poaey f? Sius range ;- L.; TR A TR
= i e R = = - o ._|4l|.. ™ ! .
0009 LT e @ae]l L0 L D = 0,000001 PRt
ooomn.r_zn i P.F.r:.._ ] .__..__.. Ll ity ooy aedig .w.o_coo._
U6 810° 2 3 456 810° 2 3 4568105 2 3 456 810° 2 3 456 8107 2 3 456 810

Reynolds number R = DVju (D 1, V fps, v ft¥/sec; or D m, V m/s, » m¥s)

(Note: If e/D = 0.01 and Re = 104, the left arrow locates f = 0.043.)

Relative roughness, e/D
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Department of Civil & Environmental Engineering

CVEG 4303 P01 Water Resources Engineering Spring 2022

Dr. Nzewi Homework @lUpdate Assignad: 011252022
Due: Tue Feb 01, 20 1:00 PM {beginning of class)/Canvas 01/31/2022 11:30 PM

SUBMIT THIS as cover sheet with vour work Name [PRINT] N\

Instnuctions: ’

IN ALL THE PROBLEMS YOU MUEST PROVIDE ENOUGH DETAILD AND DESGRIPTION OF THE BDLUTION METHOD TO DEMODMSTRATE vnun'
KNOWLEDGE OF THE SOLUTION METHOD. A BUBBTANTIAL PORTION OF THE GRADE WILL BE BASED ON YOUR METHDODS.

Problem 1{200 X co

Determine the force, P [kN] needed to keep the curved 200

gate closed if it is 4 m wide (into the paper). The water
(hot) has a specific gravity of 0.90.
Show your work fully.

Problem 2 [200
A 10ft X 20ft rectangular gate is hinged at its lower edge as shown and closes the entrance
10 a tunnel. The vertica! distance from the water (SG = 1.00) surface to the centroid of the
gale is 30 ft {as shown). The gate makes an angle of 60° with the horizontal plane.
Determine the force [Ib) on the stop along the upper edge of the gate as shown.
Show your work fully.

Problem 3 {260
Compute the magnitude [Ib} and direction {angle with the horizontal plane)

] A
of the resultant hydrostatic force on the tank wall ABCD as shown in the et ==:
figure to the right. Show your work fully, = - - -

_ & _Wu-_ler_
.— 6 ______ c
wxd Dl__o;_ ”

Problem 4 {150
A barge (scow) is 12 ft wide, 24 ft long and 4 ft deep and is made of wood of specific gravity = 0.72. The sides and the bottom
of the barge are 10 inch thick. How many cubic yards of gravel {with specific gravity of 1.762} can the barge carry witha
freeboard (portion above the waterine) of 1.0 ft? Show your work fully.

Problem 5{150]

Determine the pressure difference [kPa] between the water pipe and
the oil pipe in the figure below

S=116
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Department of Civil & Environmental Engineering

CVEG 4303 P01 Water Resources Engineering
Dr. Nzewi Homework @1

Name [PRINT]

Spring 2022
Assigned: 0125202

LM ITHITI O

Instructions:
IN ALL THE PRDELEME YOU MUST FROVIDE ENOUGH DETAILE AND DESCRIFTION OF THE SOLUTION METHOO TD DEMONSTRATE YOUR
KNOWLEDGE OF THE SOLUTION METHOD. A SUBSTANTIAL FORTION DOF THE ORADE WILL BE SASED ON YOUR METHODS.

..-"?
900

Problem 1200
Determine the force, P [kN] needed to keep the curved
gate closed ff it is 4 m wide (into the paper). The water
(hot) has a specific gravity of 0.90.
Show your work fully.

Problem 2 [200]
A 10ft X 20ft rectangular gate is hinged at its lower edge as shown and closes the entrance
toatunnel. The vertical distance from the water (SG = 1.00) surface to the centroid of the
gate is 30 ft (as shown). The gate makes an angle of 60° with the horizontal plane.
Determine the force [Ib] on the stop along the upper edge of the gale as shown.
Show your work fully.

Problem 3 [200]

Compute the magnitude [ib] and direction (angle with the horizontal ptane) - N
of the resultant hydrostatic force on the tank wall ABCD as shown in the He=——-~
figure to the right. Show your work fully. = = = . ¥
167 worer
- 6 ------
- D 5 L,
Problem #150]

A barge (scow) is 12 ft wide, 24 ft long and 4 ft deep and is made of wood of specific gravity = 0.72. The sides and the
bottom of the barge are 10 inch thick. How many cubic yards of grave! (with specific gravity of 1.762) can the barge carny
with a freeboard (portion above the waterline) of 1.0 ft? Show your work fully.

Problem 5[150}

Determine the pressure difference [kPa} between the water pipe and
the oil pipe in the figure below
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VAV e NIV RS Department of Civil & Environmental Engineering

CVEG 4303 P01 Water Resources Engineering Spring 2022
Dr. Nzewi Homework @1 Assigned: 017252022

4 {beqmning of class:

Due: Tuesday, Fel
SUBMIT THIS as cover sheet with vour work Name {PRINT] DW Hw" ey
Instructions:
IN ALL THE PROBLEME YDU MUET PROVIDE ENOUDH DETAILS AND DESCRIFTION OF THE SOLUTION METHOD TO DEMDNSTRATE YOUR
KNOWLEDGE OF THE SOLUTION METHDC. A SUBSTANTIAL PORTION OF THE ORADE WiLL 8K DASED ON YOUR METHODS.

900

Problem 1[200

Determine the force, P [kN] needed to keep the curved
gate closed if it is 4 m wide {into the paper}. The water
(hot) has a specific gravity of 0.90.

Show your work fully.

Problem 2 [200
A 10ft X 20ft rectangular gate is hinged at its lower edge as shown and closes the entrance
to atunnel. The vertical distance from the water (SG = 1.00) surface to the centroid of the
gate is 30 ft {as shown). The gate makes an angle of 60° with the horizonlal plane.
Determine the force [Ib] on the stop along the upper edge of the gate as shown.
Show your work fully.

Problem 3 [200]

Compute the magnitude [Ib] and direction (angle with the horizontal plane) a
of the resultant hydrostatic force on the tank wall ABCD as shown in the le ===
figure to the right. Show your work fully. - - - - Js
; 8- _Wol«_
_- 6 ______ c

Problem 4150
A barge (scow) is 12 ft wide, 24 ft long and 4 ft deep and is made of wood of specific gravity = 0.72. The sides and the
bottom of the barge are 10 inch thick. How many cubic yards of gravel (with specific gravity of 1.762) can the barge carry
with a freeboard (portion above the waterline) of 1.0 ft? Show your work fully.

Problem 5[150

Determine the pressure difference [kPa] between the water pipe and
the oil pipe in the figure below
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CVEG 4303
WATER RESOURCES ENGINEERING
SPRING 2022

HOMEWORK
02







kn RaneaeaM Department of Civil & Environmental Engineering

CVEG 4303 P01 Water Resources Engineering Spring 2022
Dr. Nzewi Homework @2 Assigned: 021102022
D B: Thursda) gb 17 gl 100 eqinns o) g D250 H

SUBMIT THIS as cover sheet with your work Name [PRINT]
Instructions:

IN ALL THE PROBLEMS YOLU MUST PROVIDE ENOUGH DETAILE AND DESORIFTION OF THE EOLUTION METHOD TO DEMONSTRATE YOUR
KNOWLEDGE OF THE SOLUTION METHOO. A SUBBTANTIAL FORTION OF THE ORADE WILL BE BASED ON YOUR METHODE.

Probl ; 00
Solve Problem 15.1 in the textbook. ' _000
Show your work fully.

A

Solve Problem 15.3 in the textbook.
Show your work fully.

Problem 3 [150] T
Solve Problem 15.5 in the texibook.
Show your work fully.

Problem 4{25@)
Solve Problem 15.21 in the textbook with the following changes:
a} There are now 2 gate valves

b) The water surface elevation difference between the reservoirs is 65 feet
Show your work fully,

Probiem 5[209]
Solve Problem 15.21 in the textbook. Show your work fully.
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PRALRIT VIEW

‘“ AsMUNIVERSTTY Department of Civil & Environmental Enginee

CVEG 4303 P01 Water Resources Engineering Spring 2022
Dr. Nzewi Homework @2 Assigned: 02012022

s5liCanvas 02/16/2022

IN ALL THE PROBLEMS YOU MUST PROVIDE €NOUGH DETAILE AND DEAORIFTION OF THE SOLUTION METHOD TO DEMONSTRATE YDUR
KNOWLE DGE OF THE SOLUTION METHOD. A SUBBTANTIAL PORTION OF THE GRADE WILL BE BASED ON YOUR METHODS.

- %
Solve Problem 15.1 in the textbook. ' 2C '@
Show your work fully. —906— i
Problem 2{150)
Solve Problem 15.3 in the textbook.
Show your work fully.

Solve Problem 15.5 in the textbook.
Show your work fully.

Problem 412561
Solve Problem 15.21 in the textbook with the following changes:
a) There are now 2 gate valves

b) The water surface elevation difference between the reservoirs is 65 feet
Show your work fully.

Problem 5[200)
Solve Problem 15.21 in the textbook. Show your work fully.
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AR Department of Civil & Environmental Engineering

CVEG 4303 P01 Water Resources Engineering Spring 2022
Dr. Nzewi Homework @2 Assigned: 02102022
SUBMIT THIS as cover sheet with your work

IN ALL THE PROBLEMS YOU MUST PAOVIDE ENOUGH DETAILS AND DESBCRIFTIDN OF THE SOLUTION METHOD TO DEMONSTRATE YOUR

KNOWLEDGE DF THE SOLUTION METHOD. A SUBETANTIAL PORTION OF THE GRADE WILL BE BASED ON YOUR METHODS.
e T

Problem 1[150] ZF§O
Solve Problem 15.1 in the textbook. 9001
Show your work fully.

Z00

2

Solve Problem 15.3 in the textbook.
Show your work fully.

Solve Problem 15.5 in the textbook.
Show your worl fully.

Problem 4250}
Solve Problem 15.21 in the textbook with the following changes:

a) There are now 2 gate valves
b) The water surface elevation difference between the reservoirs is 65 feet
Show your work fully.

Problem 5[200]
Solve Problem 15.21 in the textbook. Show your werk fully.
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E/m NEaREAA  Department of Civil & Environmental Engineering

CVEG 4303 P01 Water Resources Enginaering Spring 2022
Dr. Nzewi ﬂm.ﬂw Assigned 021712022

K 51BNV AT £ H L H
SUBMIT THIS as cover sheet swith vour work Name [PRINT] _l‘!]:&h'—V lif- l* *‘ "ﬂ"'ﬂ“‘ AL, =

In: ions.
IN ALL THE PROBLEMS YOU MUST PROVIDE ENOUGM DETAILE AND DESORIPTION OF THE SOLUTION METHDD TO DEMONSTRATE YOUR

KNOWLEDGE OF THE SOLUTION METHOD. A SUBBYTANTIAL PORATION OF THE ORADE WILL B BASED ON YOUR METHDDS.
2 L =T —

Probl '
Solve Problem 15.23 in the textbook. | 900 '
Show your work fully. -

Solve Problem 15.25 in the textbook, Provide your answer in tabular format using the example

presented in class as a guide. Be sure to present any necessary sample calcuiations.
Show your work fully.

Problem 3 [150]
Solve Problem 15.27 in the textbook. Provide your answer in tabular
format using the example presented in class as a guide. Be sure to
present any necessary sample calculations, Furthermore, you will
need to first determine (a) the flowrate BEFORE the change and, (b)
the flowrate AFTER the second parallel pipe is installed.
Show your work fully.

Solve Problem 15.29 in the textbook. This is a 3-reservoir problem. Draw a sketch of the 3-reservoir system using Figure 15.13 in
the textbook as a guide. Make the following changes 1o the problem data (Show your work fully).

Pipe Length [m] | Diameter [ecm] | Friction Factor, f
A 3500 150 0.017
B 800 80 @.825
C 1500 75 0.015

Problem 5 f150]
In the nozzle shown, the upstream pressure is 70 kPa and the
discharge of the jet into the atmosphere is at rate of 0.045 m¥s.
[Assume no energy losses in the nozzie and a specific gravily, SG =
1.8, for the liquid flowing.)
Calculate:

(a) [20] The velocities, Vi and Va2 [m/s}

{b) [40] The presssure, P, [kPa]

{c) 190} Determine the force on each of the 4 flange boits
used the secure the nozzle assembly If the force is
uniformly distributed

Show your work fully.

\%blem 8100
or the imegular channel shown, determine: (a) the area of flow, A

1, (b) the wetted perimeter, P [m), {c) the hydraulic radius, R [m],
'\Kel fop widih, T {m), (e) the hydraulic depth, D [m), and {f) the
e, Q[m?if n = 0.013 and S (stope) = 0.003.

-
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R;M e  Department of Civil & Environmental Engineering

CVEG 4303 P01 Water Resources Engineering Spring 20,
Dr. Nzewi Homework @3 Assigned: 02472022

Uug: Thirsday, Feb 24 2022 at 1:00 PM {bagi
SUBMET THIS as cover sheet with your work Name prinT) _INathan1e]__Smbh

IN ALL THE PROBLEME YOU MUST PROVIDE ENOUOH DETAILS AND DESCARIPTION DF THE SOLUTION METHOD TO DEMONETRATE YOUR
KNOWLEDGE OF THE SOLUTION METHOD. A SUBSTANTIAL PORYION OF THE ORADE WILL BE BASED ON YOUR METHODS.
T e

Problem 1j150] &R
Solve Problem 15.23 in the textbook. 900
Show your work fully.

Solve Problem 15.25 in the textbook. Provide your answer in tabular format using the example

presented in class as a guide. Be sure to present any necessary sample calculations.
Show your work fulty.

Probiem 3 [159]
Solve Problem 15.27 in the textbook. Provide your answer in tabular
format using the example presented in class as a guide. Be sure to
present any necessary sample calculations. Furthermore, you will
need to first determine (a) the flowrate BEFORE the change and, (b)
the flowrate AFTER the second parallel pipe is installed.
Show your worl fully. !

Problem 41200
Solve Problem 15.29 in the textbook. This is a 3-reservoir problem. Draw a sketch of the 3-reservoir system using Figure 15.13 in
the textbook as a guide. Make the following changes to the problem data (Show your work fully):

Pipe Length [m] | Diameter [cm] | Friction Factor,
A 3500 15¢@ 0.017
B 800 80 0.025
C 1500 75 9.015

Problem 5 [150]
In the nozzle shown, the upstream pressure is 70 kPa and the
discharge of the jet into the atmosphere is at rate of 0.045 m¥s,
{Assume no energy losses in the nozzle and a specific gravity, SG =
1.8, for the liquid flowing.]
Calculate:

(a) [20] The velocities, V4 and V2 [m/s]

(b) {40} The presssure, P; [KPa]

{c) [90] Determine the force on each of the 4 flange bolts
used the secure the nozzle assembly if the force is
uniformly distributed

Show your work fully.

Problem 6/100]
For the imegular channel shown, determine: (a) the area of flow, A
[m?], (b) the wetted perimeter, P [m}, (c) the hydraulic radius, R [m),
(d) the top width, T [m], (e} the hydraulic depth, D [m}], and (f) the
flowrate, @ {m*]if n = 0.013 and S (slope) = 0.003.
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CVEG 4303 P01 Water Resources Engineering Spring 2
Dr. Nzewi Homework @3 Assigned 0211712022
JU§: Thursd oty 24, 2022 at 100 F inni paf20d2, 11:

SUBMIT THISas cover shoet withvourwork  Name(eRivt]_{ Qplare 1yluag,

IN ALL THE PROBLEME YOU MUST PROVIDE ENOUGH DETAILE AND DESCRIFTION OF THE SOLUTION METHOD TO DEMONEBTRATE YOUR

KNOWLEDGE OF THE SOLUTION METHOD. A SUBSETANTIAL PORTION OF THE GRADE WILL BE DABED ON YOUR METHODS.
R B e

Problem 1[150]
Solve Problem 15.23 in the textbook. 900
Show your work fully.

Problem 2 [15@]

Solve Problem 15.25 in the textbook. Provide your answer in tabular format using the example

presented in class as a guide. Be sure to present any necessary sample calculations.
Show your work fully.

Problem 3 [159]
Solve Problem 15.27 in the textbook. Provide your answer in tabular
format using the example presented in class as a guide. Be sure to
present any necessary sample calculations. Furthermore, you will
need to first determine (a) the flowrate BEFORE the change and, (b)
the flowrate AFTER the second parallel pipe is installed.
Show your work fully.

Solve Problem 15.29 in the texibook. This is a 3-reservoir problem. Draw a sketch of the 3-reservoir system using Figure 15.13in
the textbook as a guide. Make the following changes to the problem data (Show your work fully):

Pipe Length [m] | Diameter [cm] | Friction Factor, f
A 3500 150 9.017
B 500 80 0.025
C 1500 75 0.015

Problem § /150
In the nozzle shown, the upstream pressure is 70 kPa and the
discharge of the jet into the atmosphere is at rate of 0.045 m¥s.
[Assume no energy losses in the nozzle and a specific gravity, 5G =
1.8, for the hiquid flowing.]
Calculate:

{a) [20] The velocities, V, and V:|m/s)

{b) [40) The presssure, P: [kPa)

{c) [90) Determine the force on each of the 4 flange bolts
used the secure the nozzle assembly if the force is
uniformly distributed

Shew your work fulty.

Problem 6{100]
For the irregular channel shown, determine: (a) the area of flow, A
[m?], (b) the wetted perimeter, P [m), (c) the hydraulic radius, R [m],
(d) the top width, T [m), (e} the hydraulic depth, D [m}, and (f) the
Rowrate, @ [m¥if n = 0.013 and S (slope) = 0.003.
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BRI  Department of Civil & Environmental Engineering

CVEG 4303 P01 Water Resources Engineering

Spring 2022

Dr. Nzewi Homework 04 M Assigned: oarzsi2022

v i work Name [PRINT] M‘\P\\.\II\CA “GWWAL

= Canvas 0310312022, 11:30 PM

Instructions: in ALL THE PROSLEMS YOU MUST PROVIDE ENOUGOH DETAILS AND DESCRIFTION OF THE SOLUTION METHOD T8 DEMONSTRATE
YUOUR KNOWLEDGE OF THE SOLUTION METHOD. A BUBBTANTIAL PORTION OF THE GRADE WILL BE SBASED ON YOUR METHODS.

Problem 1{209]

2.00 cfs of water at 100 “F is entering the piping network at A and exiting at B. The
pipes are: #1 - 3.0in, 1000 ft, C = 120; #2 - 4.0 in, 200 ft, C = 140; #3- 8.0.in, 1200
ft, C = 110, Using the Hazen-Wiliams approach presented in class, determine the

following:
{a) [50] Velocities, Vy , Vand V, [ft/s]
{b) [40] Corresponding flowrates, Q: , Qzand Q[ft¥/s)
(c) ([50) Headloss [ft] in pipes #1, #2 and #3.

{d) [60] The presssure, Pp [psf] at B if the pressure at A = 20 psi (gage).

Show your work fully.
Problem 2[15@] {Show your work fully}

The total discharge {flowrate) of water from into A and out of B (from left to right)
in the figure below is 15 liters/s. The diameter and lengths of the pipe segments

are given as shown in the diagram. Use the Darcy equation in your calculations,
The flow in the pipes Is fully turbulent (Hint: use this information to

determine the friction factor, f in the pipes).

(a) [1@@] Determine the headloss [m] across A-B in pipes #1 and #2 if the pipes
are new cast iron pipes (use data in Table 15.1) and the temperature of

the water is 10° C.
{b) [5@) Determine the flowrate in pipes #1 and #2 in liters/s,

Problem 3[55@] {Show your work fully}

Water is flowing in the water distribution network shown. Pipe data are
provided in the table. All pipes are ductile iron pipes (¢ =@.26 mm).
Assume that flow in the system is fully turbulent. As such, you can
determine the friction factor of each pipe in the system, Use the Darcy
equation to calculate headloss for the Hardy Cross method. Provide a
spreadsheet solution similar to the example presented in class.

Note: @.56@ m?/s = 30,000 1/min.

On your solution:

(a) [1@8] Determine the friction factor, f, for each pipe.

(b) [5@) Provide the assumed flowrates [literfminute] for each pipe in
iteration #1,

(c} [40@] Determing the flow in each pipe in liters/min using the Hardy
Cross method. CLOCKWISE FLOWS ARE POSITIVE. Summarize your
calculations in a lable. Please use a spreadsheet lo soive the problem AND
provide elaborate sample calculations for each cell as appropriate. You are to
perform ONLY 2 iterations. Use the data at the END of iteration #2 to
answer the rest of the questions.

Print and submit a hardcopy with your Hardy Cross work - but you

qo0]
W{Uﬁb

Diome?S oo La 40 m

1
A B
————1
-
\ ,
Dioma3D on; L= 500
L D
Pipe | (m) | (mm) | 03™H—A B ¢
AB | 1000 | 300
BC | 750 | 2325
Ccb | 800 { 200
DE | 700 | 250
EF | 900 | 300
FA | 900 | 250 05mis
BE | 950 | 350 F E D

{d}f100}If the pressure at point F is 500 kPa, and
the elevation of points A, B and C is 200 m, while
the elevation of points F, Eand D is 170 m,
determine the water pressures [kPa] at each of
the intersections or nodes.

must also submit the Spreadsheet.
Hardy Cross Requirements [Start with assumed flowrates in the table befow]
Pipe Segment AB cD BC
Assumed Flow [liter/min] +18,000 +6,000 +6,000

Submit your spreadsheet in CANVAS.
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CVEG 4303- POI MAALVIKA AGGARWAL L]

£ T ctiom factor -.

Flow rue, Q - fiters/sec AB 0 0pp37 0.01950 . A =
Length - m BC 0.00030 0.01900
Diameter - m D 000130 0.01300
Headloss, hft - n DE 000)04 001200
£ = .26 mm EF 000087 001950
FA 000104 001200

BE 0.00074 0.01800 05 ey
F E [~}

2
h,=KQ

_ S -
Pipeline Leagth Dismeter  Dimmneter K [ ] Qs Hesilloss, bf hiQ) Corvection, d New Q New Q
(m) (mm} {m} (Limin) {Lisec) (m} =Qard =Qurd
1 {liters/see) (Hters/min)
AB 1008 300 03 0 DOVGGI0HD 18000 300 59 6TY222 0198924074 [ -1179259978 | 1820740022 10924 44013
BE 950 %0 035 0000269026 12000 200 1761025 V053805124 | 3.007(143938 13.007149 12180 4284
900 300 03 0.000596772 12000 200 21 870889 0119354444 [ -1179259578 [ -JITOTETE  -19078 5599
FA 900 250 0 0.00091 3822 L-lznoo 200 36 552868 0182764339 \ 1179259978 ] -317 9259978 19075 5599
TOTAL 130862008 033447982 R A~
Fil / .
|_Corrections: _toopt: | di= -147.9239978 Loop 2: di= -120.9331468 D Sy
C
BC 50 325 0.325 1000324740 H000 100 3. 247400 0032474002 31209331468 -1093314679  -1253.9888)
cD 800 200 02 0.002683475 00N 100 26.854750 V2685475 -1209331468 -20931314679  -1255.9888)
DE 00 250 025 0000710750 -24000 ~300 113 720033 0284300083 -(20.9331468  -5320933 1468 312559888
BE 950 350 035 0000269026 -1 2008 -200 10.76102% DO5IRNSI2E { -3.007)48988 ) -EJ.O(ITI-W -12180.4289
TOTAL 154583208 - 0639126709 < ' QL -
r-ipeu.ne Length Diameter Diameter K Qa Qa Headless, hi [ Tils | Corvection, d New Q New Q
{m) (mm) () {Limin) {L/sec) {m) “ipard =a+d
{lrersisec) {liters/min)
AB 1000 300 LK GONDGGI0B0  J0244d  1R2.074002 21981735 0120729674 -141.667750% 040625125 2424375075
BE 950 350 035 NOND269026 1215043 203.007149 11 087038 0054614124 6BTI49TTIT 271 722127 1630002761
EF 200 300 a3 000S6TTE 1907556 317 925998 60 319910 018972940 131 KGTTSIO 459 SYITIBB 275756249
FA 00 250 n2s OO0OPNIRIZ S 19NTS 56 317 DISUNR 92 366301 D29G527675 141 6677509 4595037488 275756249
TOTAL 185 755004 0655600877
I Corrections: Loop 1! alf= -141.85 77589 f.00p 2: i}- -110. 3827287 |
BC 750 128 0328 00024 125590 3033147 0 142300 WIMGTYIS3 210 JB2T247 230 3ISRISS  -EIBTH 9525
cD B0 200 w2 0.002685575 S115599 20933147 1 176766 GD56205442 210 3827247 23] JI5BP55 | IBTR 9525
DE To0 50 523 0000710750 3125599 520933047 I9287723% 0370253342 2103827287 731 315R755  -A3RTR 4525
BE 950 350 034 DO0026MIZ6  -121R04% 201 D0TI4Y 11.087058 G O54614 124 tr.s 74497777 )-2” 722127 16303 3274
TOTAL 205283363 0 487830739
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CVEG 4303 P01

Dr. Nzaax

IN ALL THE PROBLEMSES YDU MUST PROVIDE ENQUGH DETAILE AND DESORIPTION OF THE SOLUTION METHOD TO DEMONSTRATE YOUR
KNOWLEDGE OF THE SOLUTION METHOD. A SUBSTANTIAL PORTION OF THE ORADE WILL BE BABED ON YOUR METHODS.
S

Problem 1[200]

2.00 cfs of water at 100 °F is entering the piping network at A and exiting at B. The
pipes are: #1 - 3.0in, 1000 ft, C = 120; #2 - 4.0 in, 200 , C = 140, #3- 8.0in, 1200
ft. C= 110. Using the Hazen-Williams approach presented in class, determine the

following:
(a) [50] Velocities, Vi , Vaand Vy[ft/s]
{(b) [40) Corresponding flowrates, Qs , Q2 and Qu [ft¥s]
{c) [50] Headloss (ft] in pipes #1, #2 and #3.

(d) [60] The presssure, Pg [psf] at B if the pressure at A = 20 psi (gage).

Show your work fully.

Problem 2[150] {Show your work fully}

The total discharge (flowrate) of water from into A and out of B (from left to right)
in the figure below is 15 litersfs. The diameter and lengths of the pipe segments

are given as shown in the diagram. Use the Darcy equation in your calculations.
The flow in the pipes Is fully turbulent (Mint: use this information to

determine the friction factor,  in the pipes).

(2) [19Q] Determine the headloss [m] across A-B in pipes #1 and #2 if the pipes
are new cast iron pipes {use data in Table 15.1) and the temperature of

the waler is 10° C.
(b) [5@] Determine the flowrate in pipes #1 and #2 in liters/s.

Problem 3[55@] {Show your work fully}

Water is flowing in the water distribution network shown. Pipe dala are
provided in the table. All pipes are ductile iron pipes (€= 9.26 mm).
Assume that flow in the system is fully turbulent. As such, you can
determine the friction factor of each pipe in the system. Use the Darcy
equation to calculate headloss for the Hardy Cross method. Provide a
spreadsheet solution similar to the example presented in class.
Note: 8. 500 m?/s = 30,000 1/min.
On your solution;
{a) [10@] Determine the friction factor, f, for each pipe.
{b) [5@] Provide the assumed flowrates [liter/minute] for each pipe in
jteration #1.
{c) [408] Determine the flow in each pipe in liters/min using the Hardy
Cross method. CLOCKWISE FLOWS ARE POSITIVE. Summarize your
calculations in a table. Please use a spreadsheet to solve the problem AND
provide elaborate sample calculations for each cell as appropriate. You are to
perform ONLY 2 iterations. Use the data at the END of iteration #2 to
answer the rest of the questions.

Print and submit a hardcopy with your Hardy Cross work - but you

g

1

£3-

WM e ™
256l Dia. = 0.04m
=g
Y BN '
— 2
306 Dia. = 0.05m
" com
L D
Pipe | (m) | (mm) | 95mh=—=A B ¢
AB 1000 300
BC 750 325
CD 800 200
DE 700 250
EF 900 300
FA 900 250 05ms
BE 950 350 F E D

{d)[10@]If the pressure at point F is 500 kPa, and
the elevation of points A, B and C is 200 m, while
the elevation of points F, E and Dis 170 m,
determine the water pressures [kPa] at each of
the intersections or nodes.

must also submit the Spreadsheet.
Hardy Cross Regui ts [Start with assumed flowrates in the table befow
Pipe Segment AB 41 BC
Assumed Flow [liter/min] +18,000 +6,000 +6, 000

Submit your spreadsheet in CANVAS.
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Iteration |Loop |Pipeline |Length (m) jdiam (m) Qa {(m*3/s) |hf=KQa”r2 [Ihf/Ql £ [Correction,d [New Q=Qa+d
AB 1000 0.30 646.08] / 03 58.15|  193.82[% -0.041 0.259
1 BE 950 0.35 283.97 -0.1 -2.84 28.40 -0.100
EF 200 0.30 581.47 0.1 -5.81 58.15 -0.100
FA 900 0.25 1446.88 0.1 -14.47 144.69 -0.100
- 35.02 425.06~"
1
Loop [Pipeline |Length (m) {diam (m) Qa {m~3/s) |hf =KQa”2 |Ihf/Ql Correction,d |New Q= Qa+d
BC 750 0.325 324.74 0.1 3.25 32.47| -0.025095808 0.075
2 CD 800 0.200 3924.93 0.1 39.25 392.49
DE 700 0.250 1125.35 0.1 -11.25 11254
EB 950 0.350 283.97 -0.1 -2.84 28.40
28.40 565.90
iteration |Loop |Pipeline |Length (m) |diam (m) Qa (m*3/s) |hf =KQa*2 [ihf/Ql Correction,d |New Q =Qa+d
AB "~ 1000 0.30 646.08 0.3 58.15] 193.82
1 BE 950 0.35 283.97 -0.1 -2.84 28.40 \
EF 200 0.30 581.47 -0.1 -5.81 58.15 N
FA 200 0.25 1446.88 0.1 -14.47 144.69
35.02 425.06
2 e.V G- /A
Loop |Pipeline |Length {m) |diam (m) Qa (mA3/s) |hf =KQa”2 |[lhf/Ql Correction, d |New Q=Qa+d \ o
BC 750 0.325 324.74 0.1 3.25 32.47 ] N7 A
, @ 800 0.200 3924.93 0.1 39.25]  392.49 _ 24:
DE 700 0.250 1125.35 0.1 -11.25]  112.54 T \
EB 950, 0350 283.97 0.1 2.84] 2840
\v..u 28.40 565.90
\ >
r(\.. O/ L
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VBRI  Department of Givil & Environmental

ngineering
( -~ CVEG 4303 P01 Water Resources Engineering Spring 2027
Dr. Nzeas Homework @4 [Iupdated 03/p1/2022] Assigned: 0.
Due: Friday. 1 R 9 slide unds
as 21

SUBMIT THIS a5 cover sheet with your work Name (PRINT) __MOUNI_ YAMEA

instructions: in ALL THE PROBLEMS YOU MUST PROVIDE ENOUGH nr:rAll.a AND DEBCRIPTION OF THE SOLUTION METHOD TO DEMONS
YOUR KNOWLEDGE OF THE SOLUTION METHOD. A BUBSTANTIAL PORTION OF THE GRADE WIiLL BE BASED ON YOUR METHODS.

Problem 1[200] Ea,
2.00 cfs of water at 100 °F is entering the piping network at A and exiting at B. The 3 ' [ Et

pipes are: #1 - 3.0in, 1000 ft, C = 120; #2 - 4.0 in, 200 ft, C = 140; #3- 8.0 in, 1200
ft, C = 110. Using the Hazen-Williams approach presented in class, determine the »’
following: ‘—D‘

(a) [50] Velocities, Vi , V2and V [ft/s]

(b) {40] Comesponding flowrates, Qs , Q: and Qs[ft*/s}
(c) [50) Headloss [ft] in pipes #1, #2 and #3.

(d) [60] The presssure, P [psf] at B if the pressure at A = 20 psi (gage).
Show your work fully.

Problem 2[150] {Show your work fully}
The total discharge (flowrale) of water from into A and out of B (from left o right)

in the figure below is 15 liters/s. The diameter and lengths of the pipe segments e

are given as shown in the diagram. Use the Darcy equation in your calculations. !

The flow in the pipes iIs fully turbulent (Hint: use this Information to A, 8
determine the friction factor, f in the pipes). e
(a) [100] Determine the headloss [m] across A-B in pipes #1 and #2 if the pipes 2

are new cast iron pipes (use data in Table 15.1) and the temperature of
the water is 10° C.

{b) [50] Determine the flowrate in pipes #1 and #2 in liters/s.

Dioow3d am; Le 500 &

Problem 3[550] {Show your work fully} 7 5

Water is flowing in the water distribution network shown. Pipe data are Pipe | (m) | (mm) | 05mh—A 8 o
provided in the table. All pipes are ductile iron pipes (€ = 0.26 mm). AB | 1000 | 300

Assume that flow in the system is fully turbulent. As such, you can BC | 750 | 325

determine the friction factor of each pipe in the system, Use the Darcy CD | 800 | 200

equation to calculate headloss for the Hardy Cross method. Provide a DE | 700 | 250

spreadsheet solution similar to the example presented in class. EF | 900 | 300

Note: 0.500 m?s = 30,000 1/min. FA 1 900 ¢ 250

On your solution: L R T B » F . D
(a) [10@] Determine the friction factor, f, for each pipe.

(b) [5@] Provide the assumed flowrates [liter/minute] for each pipe in (d)[1@0]If the pressure at point F is 500 kF
iteration #1. the elevation of points A, B and C is 200 m.
(c) [40@] Determine the flow in each pipe in litersimin using the Hardy the elevation of points F, E and D is 170 m,
Cross method. CLOCKWISE FLOWS ARE POSITIVE. Summarize your determine the water pressures [kPa] at ¢
calculations in a table. Please use a spreadsheet to solve the problem AND the intersections or nodes.

provide elaborate sample calculations for each cell as appropriate. You are to
perform ONLY 2 iterations. Use the data at the END of iteration #2 to
answer the rest of the questions.
Print and submit a hardcopy with your Hardy Cross work - but you
must also submit the Spreadsheet.

Hardy Cross Requirements [Start with assumed flowrates in the table befow]
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MHBSRBM  Department of Civil & Environmental Engineering ‘H‘

CVEG 4303 P01 Water Resources Engineering Spring 2022
Dr. Nzewi Hgmmr.k_ﬂ& Assigned- 0312012022

SUBMIT THIS s cover sheet with your work Name [PRINT] HM LV 7 M Cl ALWAL.

IN ALL THE PROEBLEMS YOU MUST PROVIDE ENOUGH OETAILS AND DEBORIPTION OF THE SOLUTION METHOD TGO DEMONSTRATE YOUR
KNOWLEDGE OF THE SOLUTION METHOD. A SUBETANTIAL PORTION OF THE GRADE WILL BE SABED DN YOUR METHODS.

Problem 1[150]
Solve Problem 15.51 in the textbook. 800
Show your work fully.

Problem 2 [250]

Solve Problem 15.53 in the textbook, Provide your pump data in tabular format using the
example presented in the textbook. Be sure to present all the necessary graphs.
Show your work fully.

Problem 3 [250]

Soive Problem 15.54 in the textbook. Provide your pump data in tabular format using the
example presented in the textbook. Be sure to present all the necessary graphs.
Make the following changes to the problem data in the textbook (Be careful that you make all
these changes)

a} The pipe is 1500 ft

b} The DIAMETER of the pipe is 12 inches

¢) The total static head is NOW 50 ft

d) Minor losses is now 15 times the velocity head.

e) Friction factor, f=0.018
Show your work fully.

Problem 4 [15@]
Solve Problem 15.55 in the textbook.

Show your work fully
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CVEG 4303 Maalvika Aggarwal
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AR  Department of Civil & Environmental Engin

CVEG 4303 P01
Dr. Nzewi

Water Resources Engineering

Instructions:
IN ALL THE PROBLEMS YOU MUST PROVIDE ENDUGH DETAILS AND DESCRIPTION OF THE SOLUTION METHOD TO DEMONSTRATE
KNOWLEDBE OF THE SOLUTION METHOD. A BUBSTANTIAL PORTION OF THE GRADE WILL BE BABEZD ON YOUR METHODS.

Problem 1[150]
Solve Problem 15.51 in the textbook. 866
Show your work fully.

Problem 2 [250]
Solve Problem 15.53 in the textbook. Provide your pump data in tabular format using the
example presented in the textbook. Be sure to present all the necessary graphs.
Show your work fully.

Problem 3 [250]

Solve Problem 15.54 in the textbook. Provide your pump data in tabular format using the
example presented in the textbook. Be sure to present all the necessary graphs.
Make the following changes to the problem data in the textbook (Be careful that you make all
these changes)

a) The pipe is 1500 ft

b) The DIAMETER of the pipe is 12 inches

c) The total static head is NOW 50 ft

d) Minor losses is now 15 times the velocity head.

e) Friction factor, f=0.018
Show your work fully.

Problem 4 [150]
Solve Problem 15.55 in the textbook.

Show your work fully
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PRAIRIE VIEW

A-matee  Department of Civil & Environmental Engineerin

CVEG 4303 P01 Water Resources Engineering Sprin
Dr. Nzewi Homework @5 Assigned: 03202022

1% FVRSLIDEUNDER OFFCE DOORYCanvas (UEAT?2 1130F

Instructions:
IN ALL THE PROEBLEMS YOU MUST PROVIDE ENOUODH DETAILS AND PESORIFTION OF THE SOLUTION METHODO TO DEMONSTRATE YOUR
KNOWLEDGE OF THE SOLUTION METHDOC. A SBUSSTANTIAL FRRTIDON OF THE ORADE Wil BE BASED ON YOUR METHODS.
m

Problem 171501
Solve Problem 15.51 in the textbook. 800
Show your work fully.

Problem 2 [250]
Solve Problem 15.53 in the textbook. Provide your pump data in tabular format using the
example presented in the textbook. Be sure to present all the necessary graphs.
Show your work fully.

Problem 3 [250@]
Solve Problem 15.54 in the textbook. Provide your pump data in tabular format using the
example presented in the texibook. Be sure to present all the necessary graphs.
Make the following changes to the problem data in the textbook (Be careful that you make all
these changes)
a} The pipe is 1500 ft
b} The DIAMETER of the pipe is 12 inches
c) The total static head is NOW 50 ft
d} Minor losses is now 15 times the velocity head.
e) Friction factor, f=0.018
Show your work fully.

Problem 4 [1503
Solve Problem 15.55 in the textbook.
Show your work fully
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