11/15/22, 3:12 PM Email Institut Teknologi Nasional Yogyakarta - Acceptance Letter and Reviewing Comments - ICGEF 2020

INSTITUT
TEKNOLOGI NASIONAL
YOGYAKART/

Technoprensur InFuliry Ensrgy

Listiani RA <lis@itny.ac.id>

Acceptance Letter and Reviewing Comments - ICGEF 2020

ICGEF SECRETARIAT <secretariat.icgef@gmail.com> 6 Oktober 2020 18.35
Kepada: Listiani RA <lis@itny.ac.id>

Dear T. Listyani R.A

We are pleased to inform you that your submission has been accepted for Virtual Presentation at the The 5th
International Conference of Geological Engineering (ICGEF 2020) Which held on -16t 17" November 2020.
Please find the Acceptance Letter and reviewer comments attached herewith.

If you have not registered to the Conference, the Registration form could be completed by logging into this link
For further information, do not hesitate to contact me.

Best Regards
Asha Ratnayake

2 lampiran

) ACCEPTANCE LETTER.pdf
513K

ﬂ ICFEF 2020 A 106 Reviwing Comments .pdf
842K

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-f%3A1679802125118260924 &simpl=msg-f%3A167980...  1/1


https://icfge.com/registration-information/
https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=174fdb22009ec6bc&attid=0.1&disp=attd&realattid=f_kfxvu4if0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=174fdb22009ec6bc&attid=0.2&disp=attd&realattid=f_kfxvu6zm1&safe=1&zw

d THE 5™ INTERNATIONAL CONFERENCE OF
"/ GEOLOGICAL ENGINEERING FACULTY
UNIVERSITAS PADJADJARAN

ICGEF

STAY SAFE WITH GEOSCIENCES"
16t - 17t November 2020

Author . T. Listyani R.A

Co-Author : T.T. Putranto

Address : Institut Teknologi Nasional, Indonesia
Paper ID . ICGEF 2020 A 106

Paper Title : HYDROCHEMICAL OF GROUNDWATER

AND THE POTENTIAL OF SEA WATER INTRUSION
IN TANAH LAUT, SOUTH KALIMANTAN
Notification : 06%™ October 2020
Date
NOTIFICATION OF ABSTRACT ACCEPTANCE

Dear T. Listyani R.A

Congratulations! Your paper has been accepted for a virtual presentation subjected to a double
blind peer reviewing process conducted by the scientific reviewing committee of the 5™
International Conference of Geological Engineering Faculty (ICGEF 2020). On behalf of the
Conference Organizing Committee, | would like to formally invite you to attend the the 5t
International Conference of Geological Engineering Faculty (BICCHR 2020) to present your paper
online on 16 to 17" November 2020.

ICGEF 2020 is being hosted by The Faculty of Geological Engineering, Universities Padjadjaran,
Indonesia and organized by The International Institute of Knowledge Management (TIIKM), Sri
Lanka.

All accepted Abstracts (of registered participants of the Conference) will be published in the
Conference Book of Abstracts. ICGEF 2020 will also facilitate to publish the papers in Scopus

Conference Secretariat

ICGEF 2020

No. 531/18, Kotte road, Pitakotte 10100, Sri Lanka
Whatsapp +62 811-2100-905 Tel +94 117 992 022
secretariat.icgef@gmail.com

https:/icfge.com/




C THE 5™ INTERNATIONAL CONFERENCE OF 4%
GEOLOGICAL ENGINEERING FACULTY  \

UNIVERSITAS PADJADJARAN

16th 17th November 2020

Indexed Journals For more details, please go through our publication page;
https://icfge.com/publication/

Please visit the ICGEF 2020 website https://icfge.com/ for more information. More details and
instructions will be communicated closer to the event.

We look forward to welcome you at the Conference.

Yours Sincerely,

— e ——

_..\"

Dr.Eng. Santi Dwi Pratiwi, M.R.Sc
Conference Chair
ICGEF 2020

Conference Secretariat

ICGEF 2020

No. 531/18, Kotte road, Pitakotte 10100, Sri Lanka
Whatsapp +62 811-2100-905 Tel +94 117 992 022
secretariat.icgef@égmail.com

https://icfge.com/



https://icfge.com/publication/
https://icfge.com/

Abstract No: ICGEF — A 106

5th International Conference of Geological Engineering Faculty

“Stay Safe with Geosciences”.

16t 17" November 2020

Abstract Details

Abstract Title:

HYDROCHEMICAL OF GROUNDWATER
AND THE POTENTIAL OF SEA WATER INTRUSION
IN TANAH LAUT, SOUTH KALIMANTAN

Abstract No:

ICGEF 2020 A 106

Abstract Review Form

Acceptance (put "X" on relevant cell)

Accept X Accept with Reject
revision

no | Please rate the following (5 excellent, 1 poor) 5 4 3 2 1 NA
1 | Aims/ objectives clearly stated X
2 Relevance to the conference X
3 | Structure of the paper X
4 | Clarity of language X
5 Appropriateness of the research/study X

methodology
6 Discussion and conclusion X

Additional Comments

Specific Reviewers Comments to be passed on to the author/s. These comments will be useful when
the authors write the paper to be included in the Conference Proceedings and journals.

Please expand on any weak areas in the checklist and offer specific advice as to how the author(s)
may improve the paper.

e Title: The title is fine. Make it short and attractive if possible.

e Background: Good background study is provided by the author.

e Method: Clearly stated by the author.




Results: Provided by the author.
Conclusions / Implications: State a little more in the end of the Abstract.

Overall quality of abstract: The Overall quality of abstract is good. Accepted to the
conference.




11/15/22, 3:12 PM Email Institut Teknologi Nasional Yogyakarta - ICGEF 2020 - Full Paper Submission Details

INSTITUT
TEKNOLOGI NASIONAL
YOGYAKARTA

Technoprensur I Fuliny Energy

ICGEF 2020 - Full Paper Submission Details

Listiani RA <lis@itny.ac.id>

publication@tiikmedu.com <publication@tiikmedu.com> 10 November 2020 20.53

Kepada: "publication@tiikmedu.com" <publication@tiikmedu.com>
Cc: "nisa.nurul.iimi@unpad.ac.id" <nisa.nurul.ilmi@unpad.ac.id>

Dear Participants,
Greetings from ICGEF 2020 Conference!

We hope you have gone through the conference website and read the available journal options available for possible
publication. The formatting guidelines for each journal is also available on the website.

We also hope that you have chosen the best fitting journal. The purpose of this email is to obtain your journal choice.
(You may have sent the paper to committee already. However, submitting the required document attached herewith is
compulsory)

What do you need to do?

1. Fill in the attached sheet (Author Information Sheet) and indicate your journal choices (Instructions are available on
the sheet)

2. Send us the Completed Sheet as a reply to this email

2. Receive guidelines on how to submit (Author need to submit to journal through journal's submission portal)

3. Make the submission as guided

4. Confirm us about the submission

**Please note that your papers will not automatically get published in any of the journals. The journals will put your
paper through the double-blind peer-review process. This is a standard process that every paper goes through after
submitting it to a journal. The acceptance of papers will depend on the paper quality and how far the paper matches
the journal's aim/scope.

Thanks and Regards,

TIIKM PUBLICATIONS

The International Institute of Knowledge Management |531/18, Kotte Road, Pitakotte, Sri Lanka
Tel :- 0094117992022 / 0094113132827 | Fax :- 0094 112848654 | publication@tiikmedu.com

www.tiikm.com | Upcoming Conferences | Facebook | Twitter

@ Author Information Sheet -ICGEF 2020 (Insert Your Name here).docx
21K

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-f%3A1682981704430012954&simpl=msg-f%3A168298...

m


tel:0112%20848%20654
tel:0112%20848%20654
mailto:publication@tiikm.com
http://www.tiikm.com/
http://tiikmconference.com/
https://www.facebook.com/TIIKMSriLanka/?fref=ts
https://twitter.com/Tiikm_SriLanka
https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=175b26f180084a1a&attid=0.1&disp=attd&safe=1&zw

11/15/22, 3:10 PM Email Institut Teknologi Nasional Yogyakarta - PPT ICGEF 2020 A 106

INSTITUT
TEKNOLOGI NASIONAL
YOGYAKARTA

Technoprensur Inf

Listiani RA <lis@itny.ac.id>

venwgy

PPT ICGEF 2020 A 106

Listiani RA <lis@itny.ac.id> 15 November 2020 19.37
Kepada: yudhi.listiawan@gmail.com

Dear committee...
Sorry for being late in sending this ppt file, because | just read your email this evening.
Thank you

Best regard,
Lis, ITNY

] PPT ICGEF 2020 A 106.pptx
1388K

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-a%3Ar-5171016053731704045&simpl=msg-a%3Ar-517... 1/1


https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=175cbe8f768f40aa&attid=0.1&disp=attd&realattid=f_khj3t00m0&safe=1&zw

11/15/22, 3:09 PM Email Institut Teknologi Nasional Yogyakarta - Reminder: 05th International Conference of Geological Engineering Faculty U...

INSTITUT
TEKNOLOGI NASIONAL
YOGYAKARTA

Technoprensur I Fuliny Energy

Reminder: 05th International Conference of Geological Engineering Faculty
Universitas Padjadjaran (ICGEF 2020) Hall 01 starts in 1 hour

Listiani RA <lis@itny.ac.id>

ICGEF 2020 <no-reply@zoom.us> 16 November 2020 06.27

Balas Ke: ICGEF 2020 <secretariat.icgef@gmail.com>
Kepada: lis@itny.ac.id

.

Hi T. Listyani R.A.,

This is a reminder that "05th International Conference of Geological Engineering
Faculty Universitas Padjadjaran (ICGEF 2020) Hall 01" will begin in 1 hour on: : 5
Date Time: Nov 16, 2020 07:30 AM Jakarta y <

Join from a PC, Mac, iPad, iPhone or Android device:

Click Here to Join

Note: This link should not be shared with others; it is unique to you. ICGEF
Add to Calendar Add to Google Calendar Add to Yahoo Calendar

Or join by phone:
US: +1 253 215 8782 or +1 301 715 8592 or +1 312 626 6799 or +1 346 248 7799 or
+1 669 900 6833 or +1 929 205 6099

Webinar ID: 971 0831 0106
International numbers available: https://tikm.zoom.us/u/adT8VUsCsR

You can cancel your registration at any time.

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-f%3A1683470758601746751&simpl=msg-f%3A168347...

m


https://tiikm.zoom.us/w/97108310106?tk=ryH6s_816HMIrQaExKrHVCSs2HiaUCrpTAGzCT2suQU.DQIAAAAWnBs4WhZRZ292TVQ4NlFZMks0VWJka2dUVC1nAAAAAAAAAAAAAAAAAAAAAAAAAAAA
https://tiikm.zoom.us/webinar/tJMsd-GrrzsrGtKutMFhe6Mrq86HzmAbrv33/ics?user_id=QgovMT86QY2K4UbdkgTT-g&type=icalendar
https://tiikm.zoom.us/webinar/tJMsd-GrrzsrGtKutMFhe6Mrq86HzmAbrv33/calendar/google/add?user_id=QgovMT86QY2K4UbdkgTT-g&type=google
https://tiikm.zoom.us/webinar/tJMsd-GrrzsrGtKutMFhe6Mrq86HzmAbrv33/ics?user_id=QgovMT86QY2K4UbdkgTT-g&type=yahoo
https://tiikm.zoom.us/u/adT8VUsCsR
https://tiikm.zoom.us/webinar/register/tJMsd-GrrzsrGtKutMFhe6Mrq86HzmAbrv33/success?act=cancel&user_id=QgovMT86QY2K4UbdkgTT-g&occurrence_times=1605486600000

5™ INTERNATIONAL CONFERENCE OF P
GEOLOGICAL ENGINEERING FACULTY TIKM
UNIVERSITAS PADJADJARAN 2020 .

%wm%w%m

presented the Oral presentation titled :

“ HYDROCHEMICAL OF GROUNDWATER AND THE POTENTIAL OF SEA WATER
INTRUSION, IN TANAH LAUT, SOUTH KALIMANTAN ”

at

5™ International Conference of Geological
Engineering Faculty (ICGEF 2020)

“Stay Safe with Geosciences”

16t — 17" November 2020

R Sl

Dr. Eng. Santi Dwi Pratiwi, M.R.Sc Mr. Isanka P. Gamage
Conference Chair Conference Convener
y

7

i\

&)

ICGEF




11/15/22, 3:06 PM Email Institut Teknologi Nasional Yogyakarta - Manuscript of ICGEF for Geochemistry Journal

INSTITUT

TEKNOLOGI NASIONAL T . . .
YOGYAKARTA Listiani RA <lis@itny.ac.id>

Technoprensur I Fuliny Energy

Manuscript of ICGEF for Geochemistry Journal

Listiani RA <lis@itny.ac.id> 14 Januari 2021 19.27
Kepada: Yasodara Premarathne <yasodara@tiikm.com>

Dear Yasodara
I and my co-author have divided that our paper is better to be published in proceeding. Please process it. Thank you.

Regards,
Lis, ITNY

Pada tanggal Rab, 13 Jan 2021 pukul 10.29 Yasodara Premarathne <yasodara@tiikm.com> menulis:
[Kutipan teks disembunyikan]

@ ICGEF Lis ITNY.docx
3305K

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-a%3Ar-8991489975294 15286 &simpl=msg-a%3Ar-8991... 1/1


mailto:yasodara@tiikm.com
https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=17700dd272daa549&attid=0.1&disp=attd&realattid=f_kjwtutxr0&safe=1&zw

11/15/22, 3:01 PM Email Institut Teknologi Nasional Yogyakarta - Revision of the Full Paper - ICGEF 2020

A\ INSTITUT
% TEKNOLOGINASIONAL
bl YOGYAKARTA

Technoprensur I Fuliny Energy

Listiani RA <lis@itny.ac.id>

Revision of the Full Paper - ICGEF 2020

publication@tiikmedu.com <publication@tiikmedu.com> 11 Februari 2021 17.35
Kepada: "lis@itny.ac.id" <lis@itny.ac.id>

Dear T. Listyani R.A.,

Greetings of the day! We have received the review report of your full paper. The full paper itself
includes the comments of the reviewer. The reviewer has provided a deep review and suggested
revisions. Please go through the review report thoroughly and perform the necessary revisions. It
is important to address these areas to accept the paper for publication.

When you are returning the revised paper, please indicate the actions you have taken to revise the
paper in the third column of the review sheet (Send it along with the revised paper).

Please send us the revised paper on or before 21st February 2021.

Also, please acknowledge the receipt of this email.

Thanks, and Regards,

TIIKM PUBLICATIONS

The International Institute of Knowledge Management |531/18, Kotte Road, Pitakotte, Sri Lanka
Tel :- 0094117992022 / 0094113132827 | Fax :- 0094 112848654 | publication@tiikmedu.com

www.tiikm.com | Upcoming Conferences | Facebook | Twitter

@ Review Sheet (Hydrochemical).doc
52K

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-f%3A1691394744436445120&simpl=msg-f%3A169139... 1/1


tel:0112%20848%20654
tel:0112%20848%20654
mailto:publication@tiikm.com
http://www.tiikm.com/
http://tiikmconference.com/
https://www.facebook.com/TIIKMSriLanka/?fref=ts
https://twitter.com/Tiikm_SriLanka
https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=17790a8f0518cfc0&attid=0.1&disp=attd&safe=1&zw

Reviewer’s Comments/Suggestions for Revision

Title of the Manuscript:

Kalimantan

Hydrochemical of Groundwater And The Potential Of Sea Water Intrusion In Tanah Laut, South

S. Issues Reviewer’s Comments/Suggestions for Author’s
N. Revision Remark After
Revision
1. Practical This paper presents hydrochemical study
Significance of of groundwater at Tanah Laut Regency. It
paper in the has practical significance in application
context of its context.
applications
2. Appropriateness | Overall, the title is align with the results of
of the Title work/study.
3. Suitability of The abstract is written in an acceptable
Abstract form, precise and it present the
significance finding.
4. Appropriateness | Acceptable
of Key Words,
etc
5. Appropriateness | Weak introduction. Need to include
of Introduction, | discussion (previous works) on how
background etc. | importance of work towards community.
6. Appropriateness | The research gap can be highlight
of Literature especially the contribution of this work.
Review in
context of the
Research Gap
7. Designing of Good.
Research
Objectives
8. Nature of paper | Good.
i.e. Qualitative or
Quantitative or
Mixed
9. Soundness of
Selection of Good.

Research




Methodology

10. | Depth of
Discussion It is better to relate some similar work to
support the analysis especially pH and EC
results.
11. | Depth of
Analysis and Good.
Interpretation
12. | Appropriateness | Good.
of mentioning of
Scope of further
research
13. | Appropriateness
of conclusion, It is good to include one or two
Suggestion and recommendations for work’s
Limitations of improvement. Example, increase the
Study etc. number of data collected etc.
14. | Organization,
order and Good.
sequencing of
overall Content
of Paper
15. | Whether Data
Sources are Good.
mentioned
appropriately
( give its specific
indications and
directions)
16. | Appropriateness
of References as | Some of the references missing in
per the APA. references.
(whether all in
text citations are Examples
included in the Brotowidjoyo et al., 1995 (page 10).
reference list) Beat et al., 1999 (page 10).
17. | Presentation of

Matter, its
Readability,

Good.




Spellings ,
language and
grammar
Position etc.

Good.

18.

Table, Graphs
and any other
Data
Presentation
position

19.

Comment on
Overall size of
Abstract ( 250-
300 words for

Good.

20.

Comment on
Overall size of
paper (as per
guidelines)

Good.

21.

Comment on
Overall number
of key words (4-6
Words )

List some keywords after abstract section.

22,

What else to be
revised with
details

As recommended.

23.

Any Other
Comments

24.

Whether Paper
may be Accepted
or accepted with
suggested
improvements or
completely
rejected

(With
appropriate
reasons)?

Overall, this paper can be consider be
accepted with suggested
comments/improvements.




11/15/22, 3:02 PM Email Institut Teknologi Nasional Yogyakarta - Revision of the Full Paper - ICGEF 2020

INSTITUT
TEKNOLOGI NASIONAL
YOGYAKARTA

Technoprensur I Fuliny Energy

Listiani RA <lis@itny.ac.id>

Revision of the Full Paper - ICGEF 2020

Listiani RA <lis@itny.ac.id> 12 Februari 2021 13.15
Kepada: "publication@tiikmedu.com" <publication@tiikmedu.com>

Dear TIKM Publication editorial team

Greetings of the day. Attached are my review sheet and revised paper.
Thank you so much

Best regard,
Lis - ITNY

Pada tanggal Kam, 11 Feb 2021 pukul 17.35 publication@tiikmedu.com <publication@tiikmedu.com> menulis:
[Kutipan teks disembunyikan]
2 lampiran

@ Review Sheet (Hydrochemical).doc
56K

@ ICGEF Lis ITNY for proceeding.docx
3308K

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-a%3Ar-9133245969522486726&simpl=msg-a%3Ar-913... 1/1


mailto:publication@tiikmedu.com
mailto:publication@tiikmedu.com
https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=17794e184073fb84&attid=0.1&disp=attd&realattid=f_kl1wc3os0&safe=1&zw
https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=17794e184073fb84&attid=0.2&disp=attd&realattid=f_kl1wcaar1&safe=1&zw

Title of the Manuscript:

Hydrochemical of Groundwater And The Potential Of Sea Water Intrusion In Tanah Laut, South
Kalimantan

Reviewer’s Comments/Suggestions for Revision

S. Issues Reviewer’s Comments/Suggestions for Author’s
N. Revision Remark After
Revision
Practical This paper presents hydrochemical study | OK
Significance of of groundwater at Tanah Laut Regency. It
paper in the has practical significance in application
context of its context.
applications

Appropriateness | Overall, the title is align with the results of | OK
of the Title work/study.

Suitability of The abstract is written in an acceptable OK
Abstract form, precise and it present the

significance finding.

Appropriateness | Acceptable OK

of Key Words,

etc

Appropriateness | Weak introduction. Need to include It has been added in
of Introduction, | discussion (previous works) on how paragraph 1
background etc. | importance of work towards community.

Appropriateness | The research gap can be highlight | The second
of Literature especially the contribution of this work. paragraph has been
Review in written to highlight.
context of the

Research Gap

Designing of Good. OK

Research

Objectives

Nature of paper | Good. OK

i.e. Qualitative or
Quantitative or
Mixed

Soundness of OK
Selection of Good.
Research




Methodology

10. | Depth of - Neiva et al, 2015
Discussion It is better to relate some similar work to has been added to
support the analysis especially pH and EC review pH (page
results. 10)
- Boetal, 2015
(page 7) has been
added for EC or
TDS analysis
11. | Depth of OK
Analysis and Good.
Interpretation
12. | Appropriateness | Good. OK
of mentioning of
Scope of further
research
13. | Appropriateness It has been added in
of conclusion, It is good to include one or two conclusion (the last
Suggestion and recommendations for work’s paragraph).
Limitations of improvement. Example, increase the
Study etc. number of data collected etc.
14. | Organization, OK
order and Good.
sequencing of
overall Content
of Paper
15. | Whether Data OK
Sources are Good.
mentioned
appropriately
( give its specific
indications and
directions)
16. | Appropriateness
of References as | Some of the references missing in - Brotowidjoyo et
per the APA. references. al, 1995 in
(whether all in Pryambodo
text citations are | Examples - There is no Beat
included in the Brotowidjoyo et al., 1995 (page 10). et al, 1999 in page
reference list) Beat et al., 1999 (page 10). 10 even in all
page
- Bear et al, 1999,

in Putra et al,
2020




17.

Presentation of
Matter, its
Readability,
Spellings ,
language and
grammar
Position etc.

Good.

Good.

OK

18.

Table, Graphs
and any other
Data
Presentation
position

OK

19.

Comment on
Overall size of
Abstract ( 250-
300 words for

Good.

OK

20.

Comment on
Overall size of
paper (as per
guidelines)

Good.

OK

21.

Comment on
Overall number
of key words (4-6
Words )

List some keywords after abstract section.

Done

22,

What else to be
revised with
details

As recommended.

Overall done

23.

Any Other
Comments

No.

OK

24.

Whether Paper
may be Accepted
or accepted with
suggested
improvements or
completely
rejected

(With
appropriate
reasons)?

Overall, this paper can be consider be
accepted with suggested
comments/improvements.

Thanks







HYDROCHEMICAL OF GROUNDWATER
AND THE POTENTIAL OF SEA WATER INTRUSION
IN TANAH LAUT, SOUTH KALIMANTAN
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Geological Engineering, Engineering Faculty, Institut Teknologi Nasional Yogyakarta®
Geological Engineering Dept., Engineering Faculty, Diponegoro University?
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Abstract

The Tanah Laut area in South Kalimantan Province is a rapidly developing area, in line with
the plan to relocate the country's capital. Therefore, the need for groundwater as a water
resource in community life in that area needs to be supported by various studies. This
research is intended as a hydrogeological survey in Tanah Laut District, to determine the
local groundwater hydrochemistry and its potential for sea water intrusion. The research was
conducted in the field by collecting data on the physical properties of groundwater in 155 dug
wells and 50 artesian wells. Several groundwater samples representing free and confined
aquifers were tested for physical/chemical properties in the laboratory. The analysis was
performed based on groundwater table, pH, electrical conductivity (EC) and groundwater
facies. The results showed that free groundwater has a pH of 6.1 - 8.4 and a total dissolved
solid (TDS) ranged from 20.3 - 964 uS/cm, while the confined groundwater had a pH of 4.01
-9.95 and a TDS of 28 — 2,670 uS/cm. Groundwater facies vary widely, generally dominated
by Na and bicarbonate ions. Brackish groundwater was found in confined aquifers in two
locations, namely Asam Jaya and Mekar Sari, indicating that the research area has the
potential of sea water intrusion.

Keywords: Groundwater, Hydrochemical, Seawater Intrusion, Potential

1. Introduction

Many experts have developed hydrochemical studies, including to see the processes that
occur during groundwater flow. Hydrochemical indicators can be used to evaluate the quality
of water resources as well as helping to develop conceptual hydrogeological models. This
model shows the main hydrogeological characteristics and control factors that are useful for a
water management program (Mohammadzadeh et al, 2020). Hydrochemical processes as well
as various variables that control groundwater quality can also be approached based on
hydrochemical characteristics. Geochemical studies by looking at the main variations in the
ionic content of groundwater can identify several geochemical processes and the factors that
control them (Chandrasekar et al, 2019). Hydrochemical studies can also be used to look at
groundwater contamination, in particular base the pH and TDS variables (Listyani & Peni,
2020). The contamination contamination also often occurs because of sea water intrusion.

This article wants to discuss groundwater hydrochemistry in relation to the potential for
seawater intrusion in the Tanah Laut area, South Kalimantan. It seems that the sea water
intrusion has been done in the research area, therefore the potential of this phenomenon will
be important to know. If there is an indication of the potential for seawater intrusion, further
prevention is necessary

The hydrochemical study of groundwater was carried out in the Pagatan Groundwater
Basin area, especially in Tanah Laut Regency. This district is located in the southeastern part
of South Kalimantan Province (Figure 1). The research area has an area of about 159 ha, with
an elevation of 0 - 23 m above sea level (asl), consisting of 4 subdistricts, namely Batu
Ampar, Panyipatan, Jorong and Kintap. Due to its position on the seashore and along with the
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increasing population growth, this area has the potential for sea water intrusion. Therefore,
hydrochemical and the potential for seawater intrusion studies need to be carried out in this
area.

Banjarmasin

Subdistrict:

atu ;rerar

Panyipatan

Jorong

Kintap

Fig. 1. Research location in Tanah Laut Regency, South Kalimantan.

In facing the plan to move the nation's capital to Kalimantan Island, South Kalimantan
Province is the entrance for potential residents or tourists to Kalimantan Island. This of
course has an impact on population growth which is also accompanied by increasing water
needs. Therefore, a study on the potential of groundwater as an important water resource is
very much needed to meet the needs of life and support regional development.

Although brackish groundwater has not been widely found in the research area,
groundwater hydrochemical studies are very important to see the quality of water resources.
The results of this hydrochemical study can be used as a benchmark for groundwater quality
in the initial period. Periodic monitoring is necessary to determine changes in the quality and
quantity of groundwater, so that efforts can be made to prevent or control in the phenomenon
of pollution.

This hydrochemical study is useful as important information about water resources in
Pagatan Groundwater Basin. The results of the study in the Tanah Laut area will later become
data that will be combined comprehensively with groundwater data in other areas in the same
basin.

2. Method

Various methods have been developed to determine the origin of salt water.
Identification of brine intrusion can be determined based on ion ratio analysis. In a
groundwater basin, this process can be a major factor contributing to high salinity and
deterioration of groundwater quality (Ebrahimi et al, 2016). Askri et al (2016) investigate the
groundwater salinization process in coastal aquifers, and found that there are changes in
groundwater along the flow path to the coast from fresh (EC <1,500 uS/cm), brackish (EC:
1,500-3,000 pS/cm) and saline (EC > 3,000 uS/cm). Depletion of Na* and K* as well as Ca?*
and Mg?* enrichment in groundwater can be caused by reverse ion exchange reactions.

The research was conducted using the hydrogeological mapping method in the field, by
observing several water sources, including 155 dug wells that tapped groundwater in free
aquifers and 30 boreholes that tapped groundwater from confined aquifers. The equipment
used is geological field equipment (hammer, compass, GPS) and hydrogeological equipment
(water static level, pH-meter and EC-meter).

Measurement of the groundwater level and hydrochemical quality was carried out
directly in the field. Groundwater sampling was carried out in selected water sources using



polyethylene bottles. Furthermore, the groundwater sample is physically / chemically tested
in the laboratory.

Testing of the physical / chemical properties of groundwater from selected samples was
carried out at the Geological Agency chemical laboratory, Bandung. This testing of the main
ion content is carried out using Standard Methods for The Examination of Water and
Wastewater 20" Edition 1998 (SMEWW) and Indonesian National Standardization (SNI)
1991.

Hydrochemical analysis was carried out by looking at the distribution of pH, EC and
hydrochemical facies. The charge ion balance is calculated before the data were analyzed,
with a reference of <5% (Freeze & Cherry, 1979; Yuan et al, 2017). Hydrochemical analysis
was assisted by Aquachem 2010.1 software, while the making of illustrations was assisted by
ArcGIS 10.3 software.

3. Result and Discussion

3.1. Geological of Research Area

The research area is composed of several rock formations from oldest to youngest,
respectively: Ultramafic Rock (Mub), Tanjung Formation (Tet), Berai (Tomb), Warukin
(Tmw), Dahor (TQd) and alluvial deposits (Sikumbang, 1994; Figure 2). The sequence from
old to young rock units is: Ultramafic Rock serpentinite unit, Tanjung sandstone unit, Berai
limestone unit, Warukin sandstone with claystone and coal intercalation unit, Dahor
sandstone unit and alluvial deposits.
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Legend:
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Dahor sandstone unit
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Warukin sandstone with
claystone & coal
intercalation

- Berai limestone unit
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- Ultramafic Rock
14400 250000 275000 300000 HS200E serpentinite unit

Figure 2. Geological map of research area.



Ultramafic rock serpentinite units have a blackish green color, non-foliation structure,
faneric grain size, and euhedral crystal shape. This unit is scattered in the northwestern part
of Panyipatan Subdistrict.

The Tanjung sandstone unit is composed of brownish yellow sandstones, medium grain
size and massive structure. This formation is spread over Batu Ampar, Jorong, and Kintap
Subdistricts.

The Berai limestone unit is mainly composed of yellowish gray limestone and bioclastic
limestone. These limestones intersect with marl and sandstones and have a chert composition.
This unit is scattered in the central part of Batu Ampar, Jorong, and Kintap Subdistricts.

The Warukin sandstone with intercalation of claystone and coal unit is composed of
brownish yellow sandstones, containing quartz and iron concretions, but so brittle. This unit
has alternating claystone with a blackish brown color and coal intercalation with a thickness
of 2-5cm.

The Dahor sandstone unit is composed of yellowish brown sandstones with a quartz
composition. This unit is easily crushed and is sometimes inserted with clay. These rock units
are scattered in the middle of the research area, namely in Panyipatan Subdistrict to Kintap
Subdistrict.

Alluvial deposits consist of gravel, sand, silt and clay materials. These deposits are
found in coastal and river plains. Alluvial deposits are scattered in the southern part of
Panyipatan, Jorong, and Kintap Subdistricts.

3.2. Groundwater Table

Observations of shallow groundwater levels in free aquifers were carried out in 155 dug
wells, namely in Panyipatan (13 wells), Batu Ampar (16 wells), Jorong (68 wells), and
Kintap (58 wells) Subdistricts. The measurement in the field show that the groundwater level
is at 2.5 - 37.9 m asl. This very shallow groundwater level occurs because the research area is
located near the sea.

The results of the groundwater level mapping are presented in Figure 3. This figure
shows that the direction of groundwater flow in the study area generally goes to the coastal
area, although in Batu Ampar there is a flow pattern that is locally directed to the northeast.

Meanwhile, the measurement of the deep groundwater level in the confined aquifer was
carried out in 30 wells, namely in Panyipatan Subdistrict (3 wells), Batu Ampar (2 wells),
Jorong (15 wells), and Kintap (10 wells). From the measurements in the field, it is known that
the confined groundwater level is at the highest position of 19 m asl in Batu Ampar and the
lowest of -23 m asl in Jorong.

The deep groundwater table map is presented in Figure 4. As in free groundwater,
groundwater flow in confined aquifers generally also goes to the coastal area, with variations
to the southwest, south and southeast. The flow pattern that leads to the north is found in the
middle part of Jorong Subdistrict.

3.3. The pH Value

The pH value of groundwater characterizes the degree of acidity. Groundwater is stated
to be neutral if it has a pH of around 7, or a pH of 6 - 8 which is the range of water quality
standards (Putra et al, 2019). Groundwater with a pH of 5 - 7 is said to be weakly acidic to
neutral, which characterizes that dissolved carbonates are predominantly in the form of HCO3
(Adams et al, 2001, in Ako et al, 2012). Meanwhile, sea flow intrusion often results in the pH
of groundwater becoming more alkaline. Salt formed from Ca or Mg can react with carbonic
acid to form a strong buffer, forming brackish water (Pryambodo et al, 2016) with a
relatively alkaline pH.
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Figure 4. Groundwater table map of confined aquifer.
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Figure 3. Shallow groundwater table map of research area.
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The groundwater in the free aquifer in the study area has a pH of 6.1 - 8.4, while the
confined aquifer has a pH of 4.01 - 9.95. This means that the degree of acidity of the
groundwater in the study area varies widely, from acidic to alkaline (Table 4; Figures 5 - 6).
Groundwater with acidic and alkaline levels shows poor quality, and usually occurs as a
result of pollution.

Table I. The pH of groundwater in research area.

—_— Shallow Groundwater Deep Groundwater
Subdistrict . -
min | max | avg min | max | avg
Panyipatan 68 |18 7.4 536 |68 6
Jorong 6,1 28,3 7,6 401 |°829 |6
Batu Ampar 6,4 38,4 7,5 7,05 | €995 |9
Kintap 6,9 48,16 | 7,49 584 | 7,89 7
1SG 129 (Kandangan Lama) 5SB-05 (Asam Jaya)
2SG 110 (Sabuhur) 5SB 23 (Durian Bungkuk)
3SG 106 (Damit)
4SG-150 (Sungai Cuka)
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Figure 5. The distribution of pH in free groundwater.

3.4. Electrical Conductivity Value

Electrical Conductivity (EC) is a measure of the ability of a substance to conduct electric
current (Freeze & Cherry, 1979). The salinity is basically the same as total dissolved solids
(TDS) of groundwater (Drever, 1988, in Listyani, 2016). Therefore, the EC and TDS values
usually show a similar pattern (Putra et al, 2019). TDS is the amount of all dissolved minerals
that are left when all the water is evaporated, or the amount of salt contained in the water
(Davis & De Wiest, 1967, in Setiawan et al, 2017).
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Figure 6. The distribution of pH in confined groundwater.

The EC values of groundwater measured in the field are shown in Table 2. The EC of
groundwater values can be used to determine the type and quality of the water, referring to
the classification of several previous authors (Table 3).

WHO (2004, in Hadian et al, 2015) provides a limit of EC water of <1500 pmhos/cm as
type | water (low salt), and EC of 1500 - 3000 pmhos/cm as type Il (medium salt). This
means, according to the classification, brackish water has an EC > 1500 pmhos/cm. The TDS
limit of 1500 uS/cm can also be used to see the effect of sea water intrusion (Setiawan, 2014)

The results of measurements of EC of groundwater in free aquifers showed a range of
values of 20.3 - 964 uS/cm (Figure 7), while the confined aquifer was found to be 28-2,670
uS/cm. Brackish groundwater was found in drilled wells of SB 05 (2,670 uS/cm) in Asam
Jaya Village, Jorong Subdistrict and SB 26 (1,820 uS/cm) in Mekar Sari Village, Kintap
Subdistrict (Figure 8).

The EC value has a very strong correlation to the total dissolved solid (TDS) value. High
TDS can result from mixing or saltwater intrusion. High total dissolved solids levels in saline
springs are significantly related to salt-bearing strata. Saline springs may originate from the
evaporites (Bo et al, 2015). Meanwhile, in coastal areas, high TDS can indicate sea water
intrusion.

Table 2. The EC value of groundwater in research area (uS/cm).

I Shallow Groundwater Deep Groundwater
Subdistrict - -
min max_ | avg min max avg
Panyipatan 26,7 | 555 132,04 46 225 164
Jorong 23,1 | 492 144,51 28 2670* 494
Batu Ampar 52,4 | 368 120,62 106 196 151
Kintap 20,3 | 964 175,77 37 1820** 535

*SB 05 Asam Jaya Village
**SB 26 Mekar Sari Village



Table 3. The water classification based on TDS and EC.

TDS mg/L EC (uS/cm)
Water tvpe equivalence*
yp Freeze & USGS (Hem, 1970 in | Carroll (1962, in Todd. 1980
Cherry, 1979 Setiawan, 2014) Todd, 1980) ’
Fresh water < 1,000 < 1,000 0-1,000 0-1,560
Brackish 1,000 - 3,000 1,000 - 10,000 1,560 - 15,600
water 1,000 - 10,000 (slightly saline)
3,000 - 10,000
. (moderately saline) i i
Saline water 10,000 — 100,000 10,000 - 35,000 10,000 - 100,000 15,600 - 156,000
(very saline)
Brine > 100,000 > 35,000 > 100,000 > 156,000
*TDS of 1 mg/L ~ EC of 1,56 uS/cm
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Figure 7. 1so-EC map of free groundwater in research area.

3.5. Hydrochemical Facies of Groundwater

The chemical type or groundwater facies characterizes the processes that occur in
groundwater flow below the surface. Analysis of the groundwater ion content can show the
processes that occur in the groundwater flowpath. The results of hydrochemical analysis of
ionic composition, organic matter and mineralization show low ionic content in lake water

and possible hydrochemical enrichment associated with seawater (Onishchuk et al, 2020).
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Figure 8. Iso-EC map of confined groundwater in research area.

The USGS classification (Hem, 1970 in Setiawan et al, 2017) states that fresh water
usually has a Ca-HCOs facies, whereas the Na-HCO3 facies indicate fresh to slightly salty
water, and the Na-Cl facies indicate salty - very salty water. Groundwater which is classified
as Na-HCOs is mostly found in free and confined groundwater, but based on its TDS value,
the groundwater is still fresh. The facies that are close to Na-Cl are found in SB 05, although
there is also still a predominance of bicarbonate ions.

The results chemical laboratory tests of free groundwater in the study area have many
variations of chemical types, with different predominance of main ions (Table 4). Sodium is
the dominant cation in some shallow groundwater samples, while the dominant anion is
bicarbonate (HCOz3).

3.6. The Potential of Seawater Intrusion

The hydrochemical processes can be interpreted from the chemical facies of the
groundwater. The type of process that often occurs in coastal areas is mixing. The content of
major ions in mine water is enriched by mixing processes with saline waters from deep rock
layers. Meanwhile, the hydrochemical effects of diluting rainwater can occur in springs and
small rivers (Bozau et al, 2017). The mixing process can also take place in the mine and
geothermal area. In mine area, both surface water and groundwater vary in its geochemical.
Before and after the remediation, surface water and groundwater have an acid-to-alkaline pH,
which decreased with the remediation, whereas Eh increased (Neiva et al, 2015). The mixing
process affects the chemical type of cold water. Cold water was Na-K-HCOs type,
indicating the influence of deep groundwater by iron exchange, while non mixing cold water
was type Ca-HCOa. In general, the hydrochemistry of cold water close to hot water changes



significantly due to the direct mixing of hot and cold water (Jayawardana et al, 2016).
Meanwhile, ion exchange processes often occur in coastal aquifers.

Table 4. Chemical facies of groundwater in research area.

Shallow Groundwater Deep Groundwater
Subdistrict  Sample Sample

Chemical Type Chemical Type

Code Code
SG-108 Na, K — Cl, HCOs; SB-19 Ca, Na - HCOs;
Panyipatan = SG-122 Na,Ca— Cl, HCO3 SB-22 Na, Ca - Cl, HCO3
SG-131 Ca- HCOs SB-23 Na, Ca, Mg - HCOs;
SG-09 Na,Ca - Cl SB-01 Na, Ca— Cl, HCO3
SG-11 Na, Ca, Mg — CI, HCO3 SB-02 Na, Ca - HCO3
SG-14 Mg, Na — ClI, HCO3 SB-05 Na - Cl, HCO3
SG-21 Ca-ClI, HCO3 SB-06 Na, K, Mg - HCOs3
SG-44 Ca, Mg - HCO3 SB-07 K, Na - HCO3
SG-62 Ca, Mg - HCO3 SB-11 Na, K - HCO3, Cl
SG-65 Na, Ca— Cl, HCO; SB-12 Ca, Na, Mg - CI
SG-68 Na, Ca, Mg - Cl, Ca, Mg - HCO3 SO4 SB-14 Na, K — Cl, HCO;
Jorong SG-77 Na, Ca- ClI SB-15 Na, Ca - ClI
SG-87 Na, Ca— Cl, SO4 SB-16 Ca, Na, Mg - HCO3;
SG-92 Na, Ca— Cl, HCOs SB-17 Na, Ca - HCOg, ClI
SG-93 Na, Ca - Cl, HCO3 SB-18 Na - HCO3
SG-95 Na, Ca, Mg — CI, HCO3 SB-20 Na, Ca - Cl, HCOs
SG-102 Na, Cl - HCOs SB-27 Na - HCO3
SG-110 Na, Ca— Cl, HCO3 SB-28 Na - HCO3
SB-29 Na - HCO3
SB-30 Na, Ca—Cl, HCO;
Batu Ampar SG-63 Na, Ca— Cl, HCOs; SB-03 Ca, Cl - HCO;
SG-84 Na, Ca, Mg — CI, HCO3 SB-04 Na, Ca - HCO3
SG-08 Na, Cl - HCOs SB-08 Na - HCO3
SG-25 Ca, Mg - HCO3 SO4 SB-09 Na, Ca - HCO3
SG-27 Na, Ca - HCO3, CI SB-10 Na - HCO3
SG-31 Na, Ca— Cl, HCOs; SB-13 Na, Ca - Cl, HCO3
Kintap SG-36 Na, Ca - Cl SB-21 Na - HCO3
SG-111 Na, Ca - HCOs; SB-24 Na - HCO3
SG-139 Na, Ca - Cl, HCO3 SB-25 Na, K, Mg - HCO3
SG-146 Na, Ca - Cl, HCO3 SB-26 Na, Ca - HCO3

SG-151 Na, Ca — Cl, HCO3 SO,
SG 153 Na - HCO3, ClI

Tanah Laut Regency is an area located on the seashore bordering the Java Sea,
therefore the potential for seawater intrusion is easily occur. The phenomenon of seawater
intrusion is characterized by the presence of brackish water. Although the presence of
brackish water is not common, seawater intrusion must be monitored and anticipated because
this process results in groundwater contamination.

The presence of seawater intrusion will increase the salinity of fresh groundwater on
land. This salinity can be measured from the variable TDS or EC of groundwater. The
presence of brackish groundwater can indicate seawater intrusion. However, high salinity of
groundwater may also be formed prior to human or fossil water (Iwaco et al, 1994 in
Listyani, 2016). Therefore, the study of the potential for seawater intrusion needs to be
studied from various aspects. The potential for seawater intrusion may also be seen from the
main ion content in groundwater, for example by looking at the Na-Cl ion ratio (Bear et al,
1999, in Putra et al, 2020).



The potential for seawater intrusion in groundwater aquifers in the study area is
indicated by the presence of brackish water in the confined aquifer as shown in Table 5. The
results of the field survey showed that there was brackish water in two bore wells, namely in
Asam Jaya Village, Jorong Subistrict (SB 05) and Mekarsari, Kintap Subdistrict (SB 26).
Brackish groundwater is only found in confined aquifers, while groundwater in free aquifers
in all locations is still fresh.

One indication of seawater intrusion is the pH of alkaline groundwater, as shown in
groundwater of SB 05 (pH 8.29) and SB 26 (pH 7.8). The pH value of seawater is generally
alkaline (7.6 - 8.3) (Brotowidjoyo et al, 1995, in Pryambodo), therefore, groundwater that
experiences seawater intrusion tends to be more alkaline than freshwater.

The potential for intrusion is also indicated by the presence of brackish water, which
is indicated by a fairly high TDS value. The TDS value of groundwater in SB 05 is known to
be 2,670 uS/cm, while in SB 26 it is 1,820 uS/cm. Thus, based on the TDS value, the two
wells showed brackish groundwater in the confined aquifer. This is also supported by the
groundwater facies in SB 05 where chloride ion is the dominant anion. The groundwater
facies at SB 26 are still dominated by bicarbonate ions, so the indication of sea water
intrusion is less strong. However, because the Tanah Laut area is a rapidly developing area,
the potential for seawater intrusion must still be noticed. Moreover, the Asam Jaya region is
an industrial area which of course needs a lot of groundwater, so the potential for seawater
intrusion in this area is quite large and needs to be anticipated.

Table 5. The presence of brackish water is an indication of potential seawater intrusion in the

study area.
Location Well number pH TDS (uS/cm) | Chemical Type Landuse
Asam Jaya, Jorong | SB 05 8.29 | 2,670 Na - Cl, HCOs Industrial
Mekar Sari, Kintap | SB 26 7.8 1,820 Na, Ca- HCO3 | Fishery cultivation area

4. Conclusion

Tanah Laut Regency has the potential for groundwater that develops in both free and
confined aquifers. In all of these aquifers, groundwater generally flows towards the coast.
This groundwater has a wide variety of hydrochemical properties. This variation is shown
from several aspects, including pH, EC and groundwater facies.

The groundwater in the free aquifer shows a pH of 6.1 - 8.4, while the confined aquifer
shows a pH value of 4.01 - 9.95 which means that the groundwater in all aquifers is acidic to
alkaline. Meanwhile, the TDS of groundwater in the free aquifer is known to be 20.3 - 964
uS/cm and in the confined aquifer is 28-2,670 uS/cm. From the TDS value, it is known that
there is brackish groundwater in confined aquifers, namely in the Asam Jaya and Mekar Sari
areas. Groundwater facies in the study area developed with various variations, with the
dominance of Na and bicarbonate ions. The presence of brackish groundwater in Asam Jaya
with Na - Cl and HCOs facies indicates that the research area has the potential for seawater
intrusion, especially because the area is developing as an industrial area.

The numerous data of groundwater hydrochemistry will be better to collect in
periodical time to anticipate sea water intrusion in the research area. In addition, population
growth and land use development also need to be controlled to prevent sea water intrusion.
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Abstract: The Tanah Laut area in South Kalimantan Province is a rapidly developing area, in line
with the plan to relocate the country's capital. Therefore, the need for groundwater as a water
resource in community life in that area needs to be supported by various studies. This research is
intended as a hydrogeological survey in Tanah Laut District, to determine the local groundwater
hydrochemistry and its potential for sea water intrusion. The research was conducted in the field by
collecting data on the physical properties of groundwater in 155 dug wells and 50 artesian wells.
Several groundwater samples representing free and confined aquifers were tested for
physical/chemical properties in the laboratory. The analysis was performed based on groundwater
table, pH, electrical conductivity (EC) and groundwater facies. The results showed that free
groundwater has a pH of 6.1 - 8.4 and a total dissolved solid (TDS) ranged from 20.3 - 964 uS/cm,
while the confined groundwater had a pH of 4.01 - 9.95 and a TDS of 28 — 2,670 uS/cm.
Groundwater facies vary widely, generally dominated by Na and bicarbonate ions. Brackish
groundwater was found in confined aquifers in two locations, namely Asam Jaya and Mekar Sari,
indicating that the research area has the potential of sea water intrusion.

Keywords: Groundwater, Hydrochemical, Seawater Intrusion, Potential

Introduction

Many experts have developed hydrochemical studies, including to see the processes that occur during
groundwater flow. Hydrochemical indicators can be used to evaluate the quality of water resources as well as
helping to develop conceptual hydrogeological models. This model shows the main hydrogeological
characteristics and control factors that are useful for a water management program (Mohammadzadeh et al,
2020). Hydrochemical processes as well as various variables that control groundwater quality can also be
approached based on hydrochemical characteristics. Geochemical studies by looking at the main variations in
the ionic content of groundwater can identify several geochemical processes and the factors that control them
(Chandrasekar et al, 2019). Hydrochemical studies can also be used to look at groundwater contamination, in
particular base the pH and TDS variables (Listyani & Peni, 2020). The contamination contamination also often
occurs because of sea water intrusion.

This article wants to discuss groundwater hydrochemistry in relation to the potential for seawater intrusion in
the Tanah Laut area, South Kalimantan. It seems that the sea water intrusion has been done in the research area,
therefore the potential of this phenomenon will be important to know. If there is an indication of the potential
for seawater intrusion, further prevention is necessary

The hydrochemical study of groundwater was carried out in the Pagatan Groundwater Basin area, especially in
Tanah Laut Regency. This district is located in the southeastern part of South Kalimantan Province (Figure 1).
The research area has an area of about 159 ha, with an elevation of 0 - 23 m above sea level (asl), consisting of
4 subdistricts, namely Batu Ampar, Panyipatan, Jorong and Kintap. Due to its position on the seashore and
along with the increasing population growth, this area has the potential for sea water intrusion. Therefore,
hydrochemical and the potential for seawater intrusion studies need to be carried out in this area.
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In facing the plan to move the nation's capital to Kalimantan Island, South Kalimantan Province is the entrance
for potential residents or tourists to Kalimantan Island. This of course has an impact on population growth
which is also accompanied by increasing water needs. Therefore, a study on the potential of groundwater as an
important water resource is very much needed to meet the needs of life and support regional development.

Although brackish groundwater has not been widely found in the research area, groundwater hydrochemical
studies are very important to see the quality of water resources. The results of this hydrochemical study can be
used as a benchmark for groundwater quality in the initial period. Periodic monitoring is necessary to determine
changes in the quality and quantity of groundwater, so that efforts can be made to prevent or control in the
phenomenon of pollution.

This hydrochemical study is useful as important information about water resources in Pagatan Groundwater
Basin. The results of the study in the Tanah Laut area will later become data that will be combined
comprehensively with groundwater data in other areas in the same basin.

Method

Various methods have been developed to determine the origin of salt water. Identification of brine intrusion can
be determined based on ion ratio analysis. In a groundwater basin, this process can be a major factor
contributing to high salinity and deterioration of groundwater quality (Ebrahimi et al, 2016). Askri et al (2016)
investigate the groundwater salinization process in coastal aquifers, and found that there are changes in
groundwater along the flow path to the coast from fresh (EC <1,500 uS/cm), brackish (EC: 1,500-3,000 uS/cm)
and saline (EC > 3,000 pS/cm). Depletion of Na*and K* as well as Ca?* and Mg?* enrichment in groundwater
can be caused by reverse ion exchange reactions.

The research was conducted using the hydrogeological mapping method in the field, by observing several water
sources, including 155 dug wells that tapped groundwater in free aquifers and 30 boreholes that tapped
groundwater from confined aquifers. The equipment used is geological field equipment (hammer, compass,
GPS) and hydrogeological equipment (water static level, pH-meter and EC-meter).

Measurement of the groundwater level and hydrochemical quality was carried out directly in the field.
Groundwater sampling was carried out in selected water sources using polyethylene bottles. Furthermore, the
groundwater sample is physically / chemically tested in the laboratory.

Testing of the physical / chemical properties of groundwater from selected samples was carried out at the
Geological Agency chemical laboratory, Bandung. This testing of the main ion content is carried out using
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Standard Methods for The Examination of Water and Wastewater 20th Edition 1998 (SMEWW) and Indonesian
National Standardization (SNI) 1991.

Hydrochemical analysis was carried out by looking at the distribution of pH, EC and hydrochemical facies. The
charge ion balance is calculated before the data were analyzed, with a reference of <5% (Freeze & Cherry,
1979; Yuan et al, 2017). Hydrochemical analysis was assisted by Aquachem 2010.1 software, while the making
of illustrations was assisted by ArcGIS 10.3 software.

Result and Discussion

Geological of Research Area

The research area is composed of several rock formations from oldest to youngest, respectively: Ultramafic
Rock (Mub), Tanjung Formation (Tet), Berai (Tomb), Warukin (Tmw), Dahor (TQd) and alluvial deposits
(Sikumbang, 1994; Figure 2). The sequence from old to young rock units is: Ultramafic Rock serpentinite unit,
Tanjung sandstone unit, Berai limestone unit, Warukin sandstone with claystone and coal intercalation unit,
Dahor sandstone unit and alluvial deposits.
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Figure 2. Geological map of research area.

Ultramafic rock serpentinite units have a blackish green color, non-foliation structure, faneric grain size, and
euhedral crystal shape. This unit is scattered in the northwestern part of Panyipatan Subdistrict.

The Tanjung sandstone unit is composed of brownish yellow sandstones, medium grain size and massive
structure. This formation is spread over Batu Ampar, Jorong, and Kintap Subdistricts.

The Berai limestone unit is mainly composed of yellowish gray limestone and bioclastic limestone. These
limestones intersect with marl and sandstones and have a chert composition. This unit is scattered in the central
part of Batu Ampar, Jorong, and Kintap Subdistricts.
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The Warukin sandstone with intercalation of claystone and coal unit is composed of brownish yellow
sandstones, containing quartz and iron concretions, but so brittle. This unit has alternating claystone with a
blackish brown color and coal intercalation with a thickness of 2 - 5 cm.

The Dahor sandstone unit is composed of yellowish brown sandstones with a quartz composition. This unit is
easily crushed and is sometimes inserted with clay. These rock units are scattered in the middle of the research
area, namely in Panyipatan Subdistrict to Kintap Subdistrict.

Alluvial deposits consist of gravel, sand, silt and clay materials. These deposits are found in coastal and river
plains. Alluvial deposits are scattered in the southern part of Panyipatan, Jorong, and Kintap Subdistricts.

Groundwater Table

Observations of shallow groundwater levels in free aquifers were carried out in 155 dug wells, namely in
Panyipatan (13 wells), Batu Ampar (16 wells), Jorong (68 wells), and Kintap (58 wells) Subdistricts. The
measurement in the field show that the groundwater level is at 2.5 - 37.9 m asl. This very shallow groundwater
level occurs because the research area is located near the sea.

The results of the groundwater level mapping are presented in Figure 3. This figure shows that the direction of
groundwater flow in the study area generally goes to the coastal area, although in Batu Ampar there is a flow
pattern that is locally directed to the northeast.

Meanwhile, the measurement of the deep groundwater level in the confined aquifer was carried out in 30 wells,
namely in Panyipatan Subdistrict (3 wells), Batu Ampar (2 wells), Jorong (15 wells), and Kintap (10 wells).
From the measurements in the field, it is known that the confined groundwater level is at the highest position of
19 m asl in Batu Ampar and the lowest of -23 m asl in Jorong.

The deep groundwater table map is presented in Figure 4. As in free groundwater, groundwater flow in confined
aquifers generally also goes to the coastal area, with variations to the southwest, south and southeast. The flow
pattern that leads to the north is found in the middle part of Jorong Subdistrict.

The pH Value

The pH value of groundwater characterizes the degree of acidity. Groundwater is stated to be neutral if it has a
pH of around 7, or a pH of 6 - 8 which is the range of water quality standards (Putra et al, 2019). Groundwater
with a pH of 5 - 7 is said to be weakly acidic to neutral, which characterizes that dissolved carbonates are
predominantly in the form of HCO3 (Adams et al, 2001, in Ako et al, 2012). Meanwhile, sea flow intrusion
often results in the pH of groundwater becoming more alkaline. Salt formed from Ca or Mg can react with
carbonic acid to form a strong buffer, forming brackish water (Pryambodo et al, 2016) with a relatively alkaline
pH.
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Groundwater flow

ile the confined aquifer has a pH

of 4.01 - 9.95. This means that the degree of acidity of the groundwater in the study area varies widely, from
acidic to alkaline (Table 4; Figures 5 - 6). Groundwater with acidic and alkaline levels shows poor quality, and
usually occurs as a result of pollution.
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Table I. The pH of groundwater in research area.

o Shallow Groundwater Deep Groundwater
Subdistrict - _
min max avg min maXx avg

Panyipatan 6,8 18 7,4 5,36 6,8 6
Jorong 6,1 28,3 7,6 4,01 58,29 | 6
Batu Ampar 6,4 38,4 7,5 7,05 69,95 |9
Kintap 6,9 48,16 | 7,49 584 | 7,89 7

1SG 129 (Kandangan Lama) 5SB-05 (Asam Jaya)

2SG 110 (Sabuhur) ®SB 23 (Durian Bungkuk)

3SG 106 (Damit)

4SG-150 (Sungai Cuka)
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Figure 5. The distribution of pH in free groundwater.

Electrical Conductivity Value

Electrical Conductivity (EC) is a measure of the ability of a substance to conduct electric current (Freeze &
Cherry, 1979). The salinity is basically the same as total dissolved solids (TDS) of groundwater (Drever, 1988,
in Listyani, 2016). Therefore, the EC and TDS values usually show a similar pattern (Putra et al, 2019). TDS is
the amount of all dissolved minerals that are left when all the water is evaporated, or the amount of salt
contained in the water (Davis & De Wiest, 1967, in Setiawan et al, 2017).
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The EC values of groundwater measured in the field are shown in Table 2. The EC of groundwater values can
be used to determine the type and quality of the water, referring to the classification of several previous authors
(Table 3).

WHO (2004, in Hadian et al, 2015) provides a limit of EC water of <1500 pmhos/cm as type | water (low salt),
and EC of 1500 - 3000 umhos/cm as type Il (medium salt). This means, according to the classification, brackish
water has an EC > 1500 pmhos/cm. The TDS limit of 1500 pS/cm can also be used to see the effect of sea water
intrusion (Setiawan, 2014)

The results of measurements of EC of groundwater in free aquifers showed a range of values of 20.3 - 964
uS/cm (Figure 7), while the confined aquifer was found to be 28-2,670 uS/cm. Brackish groundwater was found
in drilled wells of SB 05 (2,670 uS/cm) in Asam Jaya Village, Jorong Subdistrict and SB 26 (1,820 uS/cm) in
Mekar Sari Village, Kintap Subdistrict (Figure 8).

The EC value has a very strong correlation to the total dissolved solid (TDS) value. High TDS can result from
mixing or saltwater intrusion. High total dissolved solids levels in saline springs are significantly related to salt-
bearing strata. Saline springs may originate from the evaporites (Bo et al, 2015). Meanwhile, in coastal areas,
high TDS can indicate sea water intrusion.

Table 2. The EC value of groundwater in research area (uS/cm).

o Shallow Groundwater Deep Groundwater
Subdistrict - -
min max avg min max avg
Panyipatan 26,7 555 132,04 46 225 164
Jorong 23,1 492 144,51 28 2670* 494
Batu Ampar 52,4 368 120,62 106 196 151
Kintap 20,3 964 175,77 37 1820** 535
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*SB 05 Asam Jaya Village
**SB 26 Mekar Sari Village

Table 3. The water classification based on TDS and EC.

TDS mg/L EC (uS/cm)
equivalence*
Water type - -
Freeze & Cherry, USGS (Hem, 1970 in Carroll (1962, in Todd. 1980
1979 Setiawan, 2014) Todd, 1980) '
Fresh water < 1,000 < 1,000 0-1,000 0-1,560
Brackish water 1,000 — 10,000 1,900 - 3,00_0 1,000 - 10,000 1,560 - 15,600
(slightly saline)
3,000 - 10,000
. (moderately saline)
Saline water 10,000 — 100,000 10,000 - 100,000 15,600 - 156,000
10,000 - 35,000
(very saline)
Brine > 100,000 > 35,000 > 100,000 > 156,000

*TDS of 1 mg/L ~ EC of 1,56 pS/cm
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Figure 7. I1so-EC map of free groundwater in research area.

Hydrochemical Facies of Groundwater

The chemical type or groundwater facies characterizes the processes that occur in groundwater flow below the
surface. Analysis of the groundwater ion content can show the processes that occur in the groundwater flowpath.
The results of hydrochemical analysis of ionic composition, organic matter and mineralization show low ionic
content in lake water and possible hydrochemical enrichment associated with seawater (Onishchuk et al, 2020).
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Figure 8. 1so-EC map of confined groundwater in research area.

The USGS classification (Hem, 1970 in Setiawan et al, 2017) states that fresh water usually has a Ca-HCO3
facies, whereas the Na-HCOs; facies indicate fresh to slightly salty water, and the Na-Cl facies indicate salty -
very salty water. Groundwater which is classified as Na-HCOs; is mostly found in free and confined
groundwater, but based on its TDS value, the groundwater is still fresh. The facies that are close to Na-Cl are
found in SB 05, although there is also still a predominance of bicarbonate ions.

The results chemical laboratory tests of free groundwater in the study area have many variations of chemical
types, with different predominance of main ions (Table 4). Sodium is the dominant cation in some shallow
groundwater samples, while the dominant anion is bicarbonate (HCO3").

The Potential of Seawater Intrusion

The hydrochemical processes can be interpreted from the chemical facies of the groundwater. The type of
process that often occurs in coastal areas is mixing. The content of major ions in mine water is enriched by
mixing processes with saline waters from deep rock layers. Meanwhile, the hydrochemical effects of diluting
rainwater can occur in springs and small rivers (Bozau et al, 2017). The mixing process can also take place in
the mine and geothermal area. In mine area, both surface water and groundwater vary in its geochemical. Before
and after the remediation, surface water and groundwater have an acid-to-alkaline pH, which decreased with the
remediation, whereas Eh increased (Neiva et al, 2015). The mixing process affects the chemical type of cold
water. Cold water was Na-K-HCOs; type, indicating the influence of deep groundwater by iron exchange,
while non mixing cold water was type Ca-HCOs. In general, the hydrochemistry of cold water close to hot water
changes significantly due to the direct mixing of hot and cold water (Jayawardana et al, 2016). Meanwhile, ion
exchange processes often occur in coastal aquifers.
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Table 4. Chemical facies of groundwater in research area.

Shallow Groundwater

Deep Groundwater

Subdistrict ?:z:)rgé)le Chemical Type gzgg)le Chemical Type
SG-108 Na, K — CI, HCO3 SB-19 Ca, Na - HCO3
Panyipatan SG-122 Na,Ca — Cl, HCOs SB-22 Na, Ca - Cl, HCO3
SG-131 Ca- HCOs SB-23 Na, Ca, Mg - HCOs
SG-09 Na,Ca - Cl SB-01 Na, Ca— Cl, HCO3
SG-11 Na, Ca, Mg — CI, HCOs SB-02 Na, Ca - HCOs
SG-14 Mg, Na - Cl, HCOs SB-05 Na - Cl, HCOs
SG-21 Ca—Cl, HCOs SB-06 Na, K, Mg - HCOs
SG-44 Ca, Mg - HCO3 SB-07 K, Na - HCO3
SG-62 Ca, Mg - HCO3 SB-11 Na, K - HCO3, CI
SG-65 Na, Ca — CI, HCO3 SB-12 Ca, Na, Mg - CI
SG-68 Na, Ca, Mg — Cl, Ca, Mg - HCOs3, SO4 SB-14 Na, K- Cl, HCO3
Jorong SG-77 Na, Ca-ClI SB-15 Na, Ca-Cl
SG-87 Na, Ca— Cl, SO4 SB-16 Ca, Na, Mg - HCO3
SG-92 Na, Ca — CI, HCOz3 SB-17 Na, Ca - HCO;s, CI
SG-93 Na, Ca — CI, HCO3 SB-18 Na - HCO:s
SG-95 Na, Ca, Mg — CI, HCOz3 SB-20 Na, Ca— Cl, HCO3
SG-102 Na, Cl - HCOs SB-27 Na - HCOs
SG-110 Na, Ca — CI, HCOz3 SB-28 Na - HCO:s
SB-29 Na - HCO:s
SB-30 Na, Ca - Cl, HCOz
SG-63 Na, Ca — CI, HCOz3 SB-03 Ca, Cl - HCO3
Batu Ampar
SG-84 Na, Ca, Mg — CI, HCOz3 SB-04 Na, Ca - HCOs
SG-08 Na, Cl - HCOs SB-08 Na - HCO:s
SG-25 Ca, Mg - HCO3, SO4 SB-09 Na, Ca - HCO:s
SG-27 Na, Ca - HCOs, CI SB-10 Na - HCOs
SG-31 Na, Ca — CI, HCO3 SB-13 Na, Ca— Cl, HCOz
. SG-36 Na, Ca - Cl SB-21 Na - HCOs
Kintap
SG-111 Na, Ca - HCOs SB-24 Na - HCO:s
SG-139 Na, Ca - CI, HCO3 SB-25 Na, K, Mg - HCO:s
SG-146 Na, Ca - Cl, HCOs SB-26 Na, Ca - HCOs
SG-151 Na, Ca — Cl, HCOs, SO4
SG 153 Na - HCOs3, Cl

Tanah Laut Regency is an area located on the seashore bordering the Java Sea, therefore the potential for
seawater intrusion is easily occur. The phenomenon of seawater intrusion is characterized by the presence of
brackish water. Although the presence of brackish water is not common, seawater intrusion must be monitored

and anticipated because this process results in groundwater contamination.

The presence of seawater intrusion will increase the salinity of fresh groundwater on land. This salinity can be
measured from the variable TDS or EC of groundwater. The presence of brackish groundwater can indicate
seawater intrusion. However, high salinity of groundwater may also be formed prior to human or fossil water
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(Iwaco et al, 1994 in Listyani, 2016). Therefore, the study of the potential for seawater intrusion needs to be
studied from various aspects. The potential for seawater intrusion may also be seen from the main ion content in
groundwater, for example by looking at the Na-Cl ion ratio (Bear et al, 1999, in Putra et al, 2020).

The potential for seawater intrusion in groundwater aquifers in the study area is indicated by the presence of
brackish water in the confined aquifer as shown in Table 5.The results of the field survey showed that there was
brackish water in two bore wells, namely in Asam Jaya Village, Jorong Subistrict (SB 05) and Mekarsari,
Kintap Subdistrict (SB 26). Brackish groundwater is only found in confined aquifers, while groundwater in free
aquifers in all locations is still fresh.

One indication of seawater intrusion is the pH of alkaline groundwater, as shown in groundwater of SB 05 (pH
8.29) and SB 26 (pH 7.8). The pH value of seawater is generally alkaline (7.6 - 8.3) (Brotowidjoyo et al, 1995,
in Pryambodo), therefore, groundwater that experiences seawater intrusion tends to be more alkaline than
freshwater.

The potential for intrusion is also indicated by the presence of brackish water, which is indicated by a fairly high
TDS value. The TDS value of groundwater in SB 05 is known to be 2,670 puS/cm, while in SB 26 it is 1,820
pS/cm. Thus, based on the TDS value, the two wells showed brackish groundwater in the confined aquifer. This
is also supported by the groundwater facies in SB 05 where chloride ion is the dominant anion. The groundwater
facies at SB 26 are still dominated by bicarbonate ions, so the indication of sea water intrusion is less strong.
However, because the Tanah Laut area is a rapidly developing area, the potential for seawater intrusion must
still be noticed. Moreover, the Asam Jaya region is an industrial area which of course needs a lot of
groundwater, so the potential for seawater intrusion in this area is quite large and needs to be anticipated.

Table 5. The presence of brackish water is an indication of potential seawater intrusion in the study area.

Location Well number | pH TDS Chemical Landuse
(US/cm) Type
Asam Jaya, SB 05 8.29 | 2,670 Na - Cl, HCOs | Industrial
Jorong
Mekar Sari, SB 26 7.8 1,820 Na, Ca - HCOs | Fishery cultivation area
Kintap
Conclusion

Tanah Laut Regency has the potential for groundwater that develops in both free and confined aquifers. In all of
these aquifers, groundwater generally flows towards the coast. This groundwater has a wide variety of
hydrochemical properties. This variation is shown from several aspects, including pH, EC and groundwater
facies.

The groundwater in the free aquifer shows a pH of 6.1 - 8.4, while the confined aquifer shows a pH value of
4.01 - 9.95 which means that the groundwater in all aquifers is acidic to alkaline. Meanwhile, the TDS of
groundwater in the free aquifer is known to be 20.3 - 964 uS/cm and in the confined aquifer is 28-2,670 puS/cm.
From the TDS value, it is known that there is brackish groundwater in confined aquifers, namely in the Asam
Jaya and Mekar Sari areas. Groundwater facies in the study area developed with various variations, with the
dominance of Na and bicarbonate ions. The presence of brackish groundwater in Asam Jaya with Na - Cl and
HCOs facies indicates that the research area has the potential for seawater intrusion, especially because the area
is developing as an industrial area.
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The numerous data of groundwater hydrochemistry will be better to collect in periodical time to anticipate sea
water intrusion in the research area. In addition, population growth and land use development also need to be
controlled to prevent sea water intrusion.
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Abstract: The Tanah Laut area in South Kalimantan Province is a rapidly developing area, in line
with the plan to relocate the country's capital. Therefore, the need for groundwater as a water
resource in community life in that area needs to be supported by various studies. This research is
intended as a hydrogeological survey in Tanah Laut District, to determine the local groundwater
hydrochemistry and its potential for sea water intrusion. The research was conducted in the field by
collecting data on the physical properties of groundwater in 155 dug wells and 50 artesian wells.
Several groundwater samples representing free and confined aquifers were tested for
physical/chemical properties in the laboratory. The analysis was performed based on groundwater
table, pH, electrical conductivity (EC) and groundwater facies. The results showed that free
groundwater has a pH of 6.1 - 8.4 and a total dissolved solid (TDS) ranged from 20.3 - 964 pS/cm,
while the confined groundwater had a pH of 4.01 - 9.95 and a TDS of 28 — 2,670 pS/cm.
Groundwater facies vary widely, generally dominated by Na and bicarbonate ions. Brackish
groundwater was found in confined aquifers in two locations, namely Asam Jaya and Mekar Sari,
indicating that the research area has the potential of sea water intrusion.

Keywords: Groundwater, Hydrochemical, Seawater Intrusion, Potential

Introduction

Many experts have developed hydrochemical studies, including to see the processes that occur during
groundwater flow. Hydrochemical indicators can be used to evaluate the quality of water resources as well as
helping to develop conceptual hydrogeological models. This model shows the main hydrogeological
characteristics and control factors that are useful for a water management program (Mohammadzadeh et al,
2020). Hydrochemical processes as well as various variables that control groundwater quality can also be
approached based on hydrochemical characteristics. Geochemical studies by looking at the main variations in
the ionic content of groundwater can identify several geochemical processes and the factors that control them
(Chandrasekar et al, 2019). Hydrochemical studies can also be used to look at groundwater contamination, in
particular base the pH and TDS variables (Listyani & Peni, 2020). The contamination contamination also often
occurs because of sea water intrusion.

This article wants to discuss groundwater hydrochemistry in relation to the potential for seawater intrusion in
the Tanah Laut area, South Kalimantan. It seems that the sea water intrusion has been done in the research area,
therefore the potential of this phenomenon will be important to know. If there is an indication of the potential
for seawater intrusion, further prevention is necessary

The hydrochemical study of groundwater was carried out in the Pagatan Groundwater Basin area, especially in
Tanah Laut Regency. This district is located in the southeastern part of South Kalimantan Province (Figure 1).
The research area has an area of about 159 ha, with an elevation of 0 - 23 m above sea level (asl), consisting of
4 subdistricts, namely Batu Ampar, Panyipatan, Jorong and Kintap. Due to its position on the seashore and
along with the increasing population growth, this area has the potential for sea water intrusion. Therefore,
hydrochemical and the potential for seawater intrusion studies need to be carried out in this area.

Corresponding Author: lis@itny.ac.id
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Banjar
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Panyipatan
Jorong

Kintap

Fig. 1. Research location in Tanah Laut Regency, South Kalimantan.

In facing the plan to move the nation's capital to Kalimantan Island, South Kalimantan Province is the entrance
for potential residents or tourists to Kalimantan Island. This of course has an impact on population growth
which is also accompanied by increasing water needs. Therefore, a study on the potential of groundwater as an
important water resource is very much needed to meet the needs of life and support regional development.

Although brackish groundwater has not been widely found in the research area, groundwater hydrochemical
studies are very important to see the quality of water resources. The results of this hydrochemical study can be
used as a benchmark for groundwater quality in the initial period. Periodic monitoring is necessary to determine
changes in the quality and quantity of groundwater, so that efforts can be made to prevent or control in the
phenomenon of pollution.

This hydrochemical study is useful as important information about water resources in Pagatan Groundwater
Basin. The results of the study in the Tanah Laut area will later become data that will be combined
comprehensively with groundwater data in other areas in the same basin.

Method

Various methods have been developed to determine the origin of salt water. Identification of brine intrusion can
be determined based on ion ratio analysis. In a groundwater basin, this process can be a major factor
contributing to high salinity and deterioration of groundwater quality (Ebrahimi et al, 2016). Askri et al (2016)
investigate the groundwater salinization process in coastal aquifers, and found that there are changes in
groundwater along the flow path to the coast from fresh (EC <1,500 uS/cm), brackish (EC: 1,500-3,000 puS/cm)
and saline (EC > 3,000 uS/cm). Depletion of Na*and K* as well as Ca®* and Mg®" enrichment in groundwater
can be caused by reverse ion exchange reactions.

The research was conducted using the hydrogeological mapping method in the field, by observing several water
sources, including 155 dug wells that tapped groundwater in free aquifers and 30 boreholes that tapped
groundwater from confined aquifers. The equipment used is geological field equipment (hammer, compass,
GPS) and hydrogeological equipment (water static level, pH-meter and EC-meter).

Measurement of the groundwater level and hydrochemical quality was carried out directly in the field.
Groundwater sampling was carried out in selected water sources using polyethylene bottles. Furthermore, the
groundwater sample is physically / chemically tested in the laboratory.
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Testing of the physical / chemical properties of groundwater from selected samples was carried out at the
Geological Agency chemical laboratory, Bandung. This testing of the main ion content is carried out using
Standard Methods for The Examination of Water and Wastewater 20th Edition 1998 (SMEWW) and Indonesian
National Standardization (SNI) 1991.

Hydrochemical analysis was carried out by looking at the distribution of pH, EC and hydrochemical facies. The
charge ion balance is calculated before the data were analyzed, with a reference of <5% (Freeze & Cherry,
1979; Yuan et al, 2017). Hydrochemical analysis was assisted by Aquachem 2010.1 software, while the making
of illustrations was assisted by ArcGIS 10.3 software.

Result and Discussion

Geological of Research Area

The research area is composed of several rock formations from oldest to youngest, respectively: Ultramafic
Rock (Mub), Tanjung Formation (Tet), Berai (Tomb), Warukin (Tmw), Dahor (TQd) and alluvial deposits
(Sikumbang, 1994; Figure 2). The sequence from old to young rock units is: Ultramafic Rock serpentinite unit,
Tanjung sandstone unit, Berai limestone unit, Warukin sandstone with claystone and coal intercalation unit,
Dahor sandstone unit and alluvial deposits.

1S 200°E

8570000

Legend:

B Allvial

Dahor sandstone unit

Warukin sandstone with
g claystone & coal
intercalation

- Berai limestone unit
Tanjung sandstone unit
Ultramafic Rock

- serpentinite unit
1144007 250000 275000 300000 11572007

Figure 2. Geological map of research area.

400"s

Ultramafic rock serpentinite units have a blackish green color, non-foliation structure, faneric grain size, and
euhedral crystal shape. This unit is scattered in the northwestern part of Panyipatan Subdistrict.

The Tanjung sandstone unit is composed of brownish yellow sandstones, medium grain size and massive
structure. This formation is spread over Batu Ampar, Jorong, and Kintap Subdistricts.
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The Berai limestone unit is mainly composed of yellowish gray limestone and bioclastic limestone. These
limestones intersect with marl and sandstones and have a chert composition. This unit is scattered in the central
part of Batu Ampar, Jorong, and Kintap Subdistricts.

The Warukin sandstone with intercalation of claystone and coal unit is composed of brownish yellow
sandstones, containing quartz and iron concretions, but so brittle. This unit has alternating claystone with a
blackish brown color and coal intercalation with a thickness of 2 - 5 cm.

The Dahor sandstone unit is composed of yellowish brown sandstones with a quartz composition. This unit is
easily crushed and is sometimes inserted with clay. These rock units are scattered in the middle of the research
area, namely in Panyipatan Subdistrict to Kintap Subdistrict.

Alluvial deposits consist of gravel, sand, silt and clay materials. These deposits are found in coastal and river
plains. Alluvial deposits are scattered in the southern part of Panyipatan, Jorong, and Kintap Subdistricts.

Groundwater Table

Observations of shallow groundwater levels in free aquifers were carried out in 155 dug wells, namely in
Panyipatan (13 wells), Batu Ampar (16 wells), Jorong (68 wells), and Kintap (58 wells) Subdistricts. The
measurement in the field show that the groundwater level is at 2.5 - 37.9 m asl. This very shallow groundwater
level occurs because the research area is located near the sea.

The results of the groundwater level mapping are presented in Figure 3. This figure shows that the direction of
groundwater flow in the study area generally goes to the coastal area, although in Batu Ampar there is a flow
pattern that is locally directed to the northeast.

Meanwhile, the measurement of the deep groundwater level in the confined aquifer was carried out in 30 wells,
namely in Panyipatan Subdistrict (3 wells), Batu Ampar (2 wells), Jorong (15 wells), and Kintap (10 wells).
From the measurements in the field, it is known that the confined groundwater level is at the highest position of
19 m asl in Batu Ampar and the lowest of -23 m asl in Jorong.

The deep groundwater table map is presented in Figure 4. As in free groundwater, groundwater flow in confined
aquifers generally also goes to the coastal area, with variations to the southwest, south and southeast. The flow
pattern that leads to the north is found in the middle part of Jorong Subdistrict.

The pH Value

The pH value of groundwater characterizes the degree of acidity. Groundwater is stated to be neutral if it has a
pH of around 7, or a pH of 6 - 8 which is the range of water quality standards (Putra et al, 2019). Groundwater
with a pH of 5 - 7 is said to be weakly acidic to neutral, which characterizes that dissolved carbonates are
predominantly in the form of HCO; (Adams et al, 2001, in Ako et al, 2012). Meanwhile, sea flow intrusion
often results in the pH of groundwater becoming more alkaline. Salt formed from Ca or Mg can react with
carbonic acid to form a strong buffer, forming brackish water (Pryambodo et al, 2016) with a relatively alkaline
pH.
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The groundwater in the free aquifer in the study area has a pH of 6.1 - 8.4, while the confined aquifer has a pH
of 4.01 - 9.95. This means that the degree of acidity of the groundwater in the study area varies widely, from
acidic to alkaline (Table 4; Figures 5 - 6). Groundwater with acidic and alkaline levels shows poor quality, and

usually occurs as a result of pollution.

Table I. The pH of groundwater in research area.

Subdistrict Shallow Groundwater Deep Groundwater
min max avg min max avg
Panyipatan 6,8 18 7,4 5,36 6,8 6
Jorong 6,1 28,3 7,6 401 |5829 |6
Batu Ampar 6,4 38,4 7,5 7,05 69,95 9
Kintap 6,9 48,16 | 7,49 584 | 7,89 7
SG 129 (Kandangan Lama) °SB-05 (Asam Jaya)
?SG 110 (Sabuhur) ®SB 23 (Durian Bungkuk)
3G 106 (Damit)
“SG-150 (Sungai Cuka)
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Figure 5. The distribution of pH in free groundwater.

Electrical Conductivity Value

Electrical Conductivity (EC) is a measure of the ability of a substance to conduct electric current (Freeze &
Cherry, 1979). The salinity is basically the same as total dissolved solids (TDS) of groundwater (Drever, 1988,
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in Listyani, 2016). Therefore, the EC and TDS values usually show a similar pattern (Putra et al, 2019). TDS is
the amount of all dissolved minerals that are left when all the water is evaporated, or the amount of salt
contained in the water (Davis & De Wiest, 1967, in Setiawan et al, 2017).
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Figure 6. The distribution of pH in confined groundwater.

The EC values of groundwater measured in the field are shown in Table 2. The EC of groundwater values can
be used to determine the type and quality of the water, referring to the classification of several previous authors
(Table 3).

WHO (2004, in Hadian et al, 2015) provides a limit of EC water of <1500 pmhos/cm as type | water (low salt),
and EC of 1500 - 3000 umhos/cm as type Il (medium salt). This means, according to the classification, brackish
water has an EC > 1500 pmhos/cm. The TDS limit of 1500 uS/cm can also be used to see the effect of sea water
intrusion (Setiawan, 2014)

The results of measurements of EC of groundwater in free aquifers showed a range of values of 20.3 - 964
uS/em (Figure 7), while the confined aquifer was found to be 28-2,670 uS/cm. Brackish groundwater was found
in drilled wells of SB 05 (2,670 uS/cm) in Asam Jaya Village, Jorong Subdistrict and SB 26 (1,820 puS/cm) in
Mekar Sari Village, Kintap Subdistrict (Figure 8).

The EC value has a very strong correlation to the total dissolved solid (TDS) value. High TDS can result from
mixing or saltwater intrusion. High total dissolved solids levels in saline springs are significantly related to salt-
bearing strata. Saline springs may originate from the evaporites (Bo et al, 2015). Meanwhile, in coastal areas,
high TDS can indicate sea water intrusion.
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Table 2. The EC value of groundwater in research area (1S/cm).

Shallow Groundwater Deep Groundwater
Subdistrict - -

min max avg min max avg
Panyipatan 26,7 555 132,04 46 225 164
Jorong 23,1 492 144,51 28 2670* 494
Batu Ampar 52,4 368 120,62 106 196 151
Kintap 20,3 964 175,77 37 1820** 535
*SB 05 Asam Jaya Village
**SB 26 Mekar Sari Village

Table 3. The water classification based on TDS and EC.
TDS mg/L EC (uS/cm)

Water type

equivalence*

Freeze & Cherry,

USGS (Hem, 1970 in

Carroll (1962, in

(moderately saline)

T 1
1979 Setiawan, 2014) Todd, 1980) odd, 1980
Fresh water < 1,000 < 1,000 0-1,000 0-1,560
Brackish water 1,000 - 3,000 1,000 - 10,000 1,560 - 15,600
1,000 - 10,000 ) .
(slightly saline)
3,000 - 10,000

Saline water 10,000 - 100,000 10,000 - 100,000 15,600 - 156,000
10,000 - 35,000
(very saline)
Brine > 100,000 > 35,000 > 100,000 > 156,000
*TDS of 1 mg/L ~ EC of 1,56 uS/cm
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Figure 7. Iso-EC map of free groundwater in research area.
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Hydrochemical Facies of Groundwater

The chemical type or groundwater facies characterizes the processes that occur in groundwater flow below the
surface. Analysis of the groundwater ion content can show the processes that occur in the groundwater flowpath.
The results of hydrochemical analysis of ionic composition, organic matter and mineralization show low ionic
content in lake water and possible hydrochemical enrichment associated with seawater (Onishchuk et al, 2020).
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Figure 8. I1so-EC map of confined groundwater in research area.

The USGS classification (Hem, 1970 in Setiawan et al, 2017) states that fresh water usually has a Ca-HCO;
facies, whereas the Na-HCO; facies indicate fresh to slightly salty water, and the Na-Cl facies indicate salty -
very salty water. Groundwater which is classified as Na-HCO; is mostly found in free and confined
groundwater, but based on its TDS value, the groundwater is still fresh. The facies that are close to Na-Cl are
found in SB 05, although there is also still a predominance of bicarbonate ions.

The results chemical laboratory tests of free groundwater in the study area have many variations of chemical
types, with different predominance of main ions (Table 4). Sodium is the dominant cation in some shallow
groundwater samples, while the dominant anion is bicarbonate (HCOy).

The Potential of Seawater Intrusion

The hydrochemical processes can be interpreted from the chemical facies of the groundwater. The type of
process that often occurs in coastal areas is mixing. The content of major ions in mine water is enriched by
mixing processes with saline waters from deep rock layers. Meanwhile, the hydrochemical effects of diluting
rainwater can occur in springs and small rivers (Bozau et al, 2017). The mixing process can also take place in
the mine and geothermal area. In mine area, both surface water and groundwater vary in its geochemical. Before
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and after the remediation, surface water and groundwater have an acid-to-alkaline pH, which decreased with the
remediation, whereas Eh increased (Neiva et al, 2015). The mixing process affects the chemical type of cold
water. Cold water was Na-K-HCO; type, indicating the influence of deep groundwater by iron exchange,
while non mixing cold water was type Ca-HCOs. In general, the hydrochemistry of cold water close to hot water
changes significantly due to the direct mixing of hot and cold water (Jayawardana et al, 2016). Meanwhile, ion
exchange processes often occur in coastal aquifers.

Table 4. Chemical facies of groundwater in research area.

Shallow Groundwater Deep Groundwater
Subdistrict izr(‘:sle Chemical Type zir:sle Chemical Type
SG-108 Na, K—Cl, HCO; SB-19 Ca, Na - HCO,
Panyipatan SG-122 Na,Ca —Cl, HCO; SB-22 Na, Ca—Cl, HCO;
SG-131 Ca - HCO, SB-23 Na, Ca, Mg - HCO;
SG-09 Na,Ca - Cl SB-01 Na, Ca—Cl, HCO;
SG-11 Na, Ca, Mg —Cl, HCO3 SB-02 Na, Ca - HCO3
SG-14 Mg, Na —Cl, HCO3 SB-05 Na — Cl, HCO,
SG-21 Ca—Cl, HCO3 SB-06 Na, K, Mg - HCO,
SG-44 Ca, Mg - HCO3 SB-07 K, Na - HCO;
SG-62 Ca, Mg - HCO3 SB-11 Na, K- HCOs, Cl
SG-65 Na, Ca —Cl, HCO, SB-12 Ca, Na, Mg -Cl
SG-68 Na, Ca, Mg —Cl, Ca, Mg - HCO3, SO, SB-14 Na, K—Cl, HCO;
Jorong SG-77 Na, Ca - Cl SB-15 Na, Ca-Cl
SG-87 Na, Ca—Cl, SO, SB-16 Ca, Na, Mg - HCO3
$G-92 Na, Ca —Cl, HCO, SB-17 Na, Ca - HCO3, Cl
SG-93 Na, Ca —Cl, HCO; SB-18 Na - HCO;
SG-95 Na, Ca, Mg —Cl, HCO3 SB-20 Na, Ca—Cl, HCO;
SG-102 Na, Cl - HCO, SB-27 Na - HCO;
SG-110 Na, Ca—Cl, HCO, SB-28 Na - HCO3
SB-29 Na - HCO3
SB-30 Na, Ca—Cl, HCO;
Batu Ampar SG-63 Na, Ca —Cl, HCO; SB-03 Ca, Cl - HCO,
SG-84 Na, Ca, Mg —Cl, HCO3 SB-04 Na, Ca - HCO;
SG-08 Na, Cl - HCO, SB-08 Na - HCO3
SG-25 Ca, Mg - HCO3, SO, SB-09 Na, Ca - HCO;
SG-27 Na, Ca - HCO;, Cl SB-10 Na - HCO3
SG-31 Na, Ca—Cl, HCO, SB-13 Na, Ca—Cl, HCO;
SG-36 Na, Ca-Cl SB-21 Na - HCO3
Kintap
SG-111 Na, Ca - HCO3 SB-24 Na - HCO3
SG-139 Na, Ca—Cl, HCO, SB-25 Na, K, Mg - HCO3
SG-146 Na, Ca - Cl, HCO, SB-26 Na, Ca - HCO3
SG-151 Na, Ca—Cl, HCO;3, SO,
SG 153 Na - HCO;, CI
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Tanah Laut Regency is an area located on the seashore bordering the Java Sea, therefore the potential for
seawater intrusion is easily occur. The phenomenon of seawater intrusion is characterized by the presence of
brackish water. Although the presence of brackish water is not common, seawater intrusion must be monitored
and anticipated because this process results in groundwater contamination.

The presence of seawater intrusion will increase the salinity of fresh groundwater on land. This salinity can be
measured from the variable TDS or EC of groundwater. The presence of brackish groundwater can indicate
seawater intrusion. However, high salinity of groundwater may also be formed prior to human or fossil water
(Iwaco et al, 1994 in Listyani, 2016). Therefore, the study of the potential for seawater intrusion needs to be
studied from various aspects. The potential for seawater intrusion may also be seen from the main ion content in
groundwater, for example by looking at the Na-Cl ion ratio (Bear et al, 1999, in Putra et al, 2020).

The potential for seawater intrusion in groundwater aquifers in the study area is indicated by the presence of
brackish water in the confined aquifer as shown in Table 5.The results of the field survey showed that there was
brackish water in two bore wells, namely in Asam Jaya Village, Jorong Subistrict (SB 05) and Mekarsari,
Kintap Subdistrict (SB 26). Brackish groundwater is only found in confined aquifers, while groundwater in free
aquifers in all locations is still fresh.

One indication of seawater intrusion is the pH of alkaline groundwater, as shown in groundwater of SB 05 (pH
8.29) and SB 26 (pH 7.8). The pH value of seawater is generally alkaline (7.6 - 8.3) (Brotowidjoyo et al, 1995,
in Pryambodo), therefore, groundwater that experiences seawater intrusion tends to be more alkaline than
freshwater.

The potential for intrusion is also indicated by the presence of brackish water, which is indicated by a fairly high
TDS value. The TDS value of groundwater in SB 05 is known to be 2,670 uS/cm, while in SB 26 it is 1,820
puS/ecm. Thus, based on the TDS value, the two wells showed brackish groundwater in the confined aquifer. This
is also supported by the groundwater facies in SB 05 where chloride ion is the dominant anion. The groundwater
facies at SB 26 are still dominated by bicarbonate ions, so the indication of sea water intrusion is less strong.
However, because the Tanah Laut area is a rapidly developing area, the potential for seawater intrusion must
still be noticed. Moreover, the Asam Jaya region is an industrial area which of course needs a lot of
groundwater, so the potential for seawater intrusion in this area is quite large and needs to be anticipated.

Table 5. The presence of brackish water is an indication of potential seawater intrusion in the study area.

Location Well number | pH TDS (uS/cm) | Chemical Type | Landuse

Asam Jaya, SB 05 8.29 | 2,670 Na - Cl, HCO; Industrial

Jorong

Mekar Sari, SB 26 7.8 1,820 Na, Ca - HCO; Fishery cultivation area
Kintap

Conclusion

Tanah Laut Regency has the potential for groundwater that develops in both free and confined aquifers. In all of
these aquifers, groundwater generally flows towards the coast. This groundwater has a wide variety of
hydrochemical properties. This variation is shown from several aspects, including pH, EC and groundwater
facies.

The groundwater in the free aquifer shows a pH of 6.1 - 8.4, while the confined aquifer shows a pH value of
4.01 - 9.95 which means that the groundwater in all aquifers is acidic to alkaline. Meanwhile, the TDS of
groundwater in the free aquifer is known to be 20.3 - 964 uS/cm and in the confined aquifer is 28-2,670 puS/cm.
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From the TDS value, it is known that there is brackish groundwater in confined aquifers, namely in the Asam
Jaya and Mekar Sari areas. Groundwater facies in the study area developed with various variations, with the
dominance of Na and bicarbonate ions. The presence of brackish groundwater in Asam Jaya with Na - Cl and
HCO; facies indicates that the research area has the potential for seawater intrusion, especially because the area
is developing as an industrial area.

The numerous data of groundwater hydrochemistry will be better to collect in periodical time to anticipate sea
water intrusion in the research area. In addition, population growth and land use development also need to be
controlled to prevent sea water intrusion.
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Hydrochemical of Groundwater and the Potential of
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Abstract: The Tanah Laut area in South Kalimantan Province is a rapidly developing area, in line
with the plan to relocate the country's capital. Therefore, the need for groundwater as a water
resource in community life in that area needs to be supported by various studies. This research is
intended as a hydrogeological survey in Tanah Laut District, to determine the local groundwater
hydrochemistry and its potential for sea water intrusion. The research was conducted in the field by
collecting data on the physical properties of groundwater in 155 dug wells and 50 artesian wells.
Several groundwater samples representing free and confined aquifers were tested for
physical/chemical properties in the laboratory. The analysis was performed based on groundwater
table, pH, electrical conductivity (EC) and groundwater facies. The results showed that free
groundwater has a pH of 6.1 - 8.4 and a total dissolved solid (TDS) ranged from 20.3 - 964 uS/cm,
while the confined groundwater had a pH of 4.01 - 9.95 and a TDS of 28 — 2,670 uS/cm.
Groundwater facies vary widely, generally dominated by Na and bicarbonate ions. Brackish
groundwater was found in confined aquifers in two locations, namely Asam Jaya and Mekar Sari,
indicating that the research area has the potential of sea water intrusion.

Keywords: Groundwater, Hydrochemical, Seawater Intrusion, Potential

Introduction

Many experts have developed hydrochemical studies, including to see the processes that occur during
groundwater flow. Hydrochemical indicators can be used to evaluate the quality of water resources as well as
helping to develop conceptual hydrogeological models. This model shows the main hydrogeological
characteristics and control factors that are useful for a water management program (Mohammadzadeh et al,
2020). Hydrochemical processes as well as various variables that control groundwater quality can also be
approached based on hydrochemical characteristics. Geochemical studies by looking at the main variations in
the ionic content of groundwater can identify several geochemical processes and the factors that control them
(Chandrasekar et al, 2019). Hydrochemical studies can also be used to look at groundwater contamination, in
particular base the pH and TDS variables (Listyani & Peni, 2020). The contamination contamination also often
occurs because of sea water intrusion.

This article wants to discuss groundwater hydrochemistry in relation to the potential for seawater intrusion in
the Tanah Laut area, South Kalimantan. It seems that the sea water intrusion has been done in the research area,
therefore the potential of this phenomenon will be important to know. If there is an indication of the potential
for seawater intrusion, further prevention is necessary

The hydrochemical study of groundwater was carried out in the Pagatan Groundwater Basin area, especially in
Tanah Laut Regency. This district is located in the southeastern part of South Kalimantan Province (Figure 1).
The research area has an area of about 159 ha, with an elevation of 0 - 23 m above sea level (asl), consisting of
4 subdistricts, namely Batu Ampar, Panyipatan, Jorong and Kintap. Due to its position on the seashore and
along with the increasing population growth, this area has the potential for sea water intrusion. Therefore,
hydrochemical and the potential for seawater intrusion studies need to be carried out in this area.
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Fig. 1. Research location in Tanah Laut Regency, South Kalimantan.

In facing the plan to move the nation's capital to Kalimantan Island, South Kalimantan Province is the entrance
for potential residents or tourists to Kalimantan Island. This of course has an impact on population growth
which is also accompanied by increasing water needs. Therefore, a study on the potential of groundwater as an
important water resource is very much needed to meet the needs of life and support regional development.

Although brackish groundwater has not been widely found in the research area, groundwater hydrochemical
studies are very important to see the quality of water resources. The results of this hydrochemical study can be
used as a benchmark for groundwater quality in the initial period. Periodic monitoring is necessary to determine
changes in the quality and quantity of groundwater, so that efforts can be made to prevent or control in the
phenomenon of pollution.

This hydrochemical study is useful as important information about water resources in Pagatan Groundwater
Basin. The results of the study in the Tanah Laut area will later become data that will be combined
comprehensively with groundwater data in other areas in the same basin.

Method

Various methods have been developed to determine the origin of salt water. Identification of brine intrusion can
be determined based on ion ratio analysis. In a groundwater basin, this process can be a major factor
contributing to high salinity and deterioration of groundwater quality (Ebrahimi et al, 2016). Askri et al (2016)
investigate the groundwater salinization process in coastal aquifers, and found that there are changes in
groundwater along the flow path to the coast from fresh (EC <1,500 uS/cm), brackish (EC: 1,500-3,000 uS/cm)
and saline (EC > 3,000 pS/cm). Depletion of Na*and K* as well as Ca?* and Mg?* enrichment in groundwater
can be caused by reverse ion exchange reactions.

The research was conducted using the hydrogeological mapping method in the field, by observing several water
sources, including 155 dug wells that tapped groundwater in free aquifers and 30 boreholes that tapped
groundwater from confined aquifers. The equipment used is geological field equipment (hammer, compass,
GPS) and hydrogeological equipment (water static level, pH-meter and EC-meter).

Measurement of the groundwater level and hydrochemical quality was carried out directly in the field.

Groundwater sampling was carried out in selected water sources using polyethylene bottles. Furthermore, the
groundwater sample is physically / chemically tested in the laboratory.
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Testing of the physical / chemical properties of groundwater from selected samples was carried out at the
Geological Agency chemical laboratory, Bandung. This testing of the main ion content is carried out using
Standard Methods for The Examination of Water and Wastewater 20th Edition 1998 (SMEWW) and Indonesian
National Standardization (SNI) 1991.

Hydrochemical analysis was carried out by looking at the distribution of pH, EC and hydrochemical facies. The
charge ion balance is calculated before the data were analyzed, with a reference of <5% (Freeze & Cherry,
1979; Yuan et al, 2017). Hydrochemical analysis was assisted by Aquachem 2010.1 software, while the making
of illustrations was assisted by ArcGIS 10.3 software.

Result and Discussion

Geological of Research Area

The research area is composed of several rock formations from oldest to youngest, respectively: Ultramafic
Rock (Mub), Tanjung Formation (Tet), Berai (Tomb), Warukin (Tmw), Dahor (TQd) and alluvial deposits
(Sikumbang, 1994; Figure 2). The sequence from old to young rock units is: Ultramafic Rock serpentinite unit,
Tanjung sandstone unit, Berai limestone unit, Warukin sandstone with claystone and coal intercalation unit,
Dahor sandstone unit and alluvial deposits.
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Figure 2. Geological map of research area.
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Ultramafic rock serpentinite units have a blackish green color, non-foliation structure, faneric grain size, and
euhedral crystal shape. This unit is scattered in the northwestern part of Panyipatan Subdistrict.

The Tanjung sandstone unit is composed of brownish yellow sandstones, medium grain size and massive
structure. This formation is spread over Batu Ampar, Jorong, and Kintap Subdistricts.
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The Berai limestone unit is mainly composed of yellowish gray limestone and bioclastic limestone. These
limestones intersect with marl and sandstones and have a chert composition. This unit is scattered in the central
part of Batu Ampar, Jorong, and Kintap Subdistricts.

The Warukin sandstone with intercalation of claystone and coal unit is composed of brownish yellow
sandstones, containing quartz and iron concretions, but so brittle. This unit has alternating claystone with a
blackish brown color and coal intercalation with a thickness of 2 - 5 cm.

The Dahor sandstone unit is composed of yellowish brown sandstones with a quartz composition. This unit is
easily crushed and is sometimes inserted with clay. These rock units are scattered in the middle of the research
area, namely in Panyipatan Subdistrict to Kintap Subdistrict.

Alluvial deposits consist of gravel, sand, silt and clay materials. These deposits are found in coastal and river
plains. Alluvial deposits are scattered in the southern part of Panyipatan, Jorong, and Kintap Subdistricts.

Groundwater Table

Observations of shallow groundwater levels in free aquifers were carried out in 155 dug wells, namely in
Panyipatan (13 wells), Batu Ampar (16 wells), Jorong (68 wells), and Kintap (58 wells) Subdistricts. The
measurement in the field show that the groundwater level is at 2.5 - 37.9 m asl. This very shallow groundwater
level occurs because the research area is located near the sea.

The results of the groundwater level mapping are presented in Figure 3. This figure shows that the direction of
groundwater flow in the study area generally goes to the coastal area, although in Batu Ampar there is a flow
pattern that is locally directed to the northeast.

Meanwhile, the measurement of the deep groundwater level in the confined aquifer was carried out in 30 wells,
namely in Panyipatan Subdistrict (3 wells), Batu Ampar (2 wells), Jorong (15 wells), and Kintap (10 wells).
From the measurements in the field, it is known that the confined groundwater level is at the highest position of
19 m asl in Batu Ampar and the lowest of -23 m asl in Jorong.

The deep groundwater table map is presented in Figure 4. As in free groundwater, groundwater flow in confined
aquifers generally also goes to the coastal area, with variations to the southwest, south and southeast. The flow
pattern that leads to the north is found in the middle part of Jorong Subdistrict.

The pH Value

The pH value of groundwater characterizes the degree of acidity. Groundwater is stated to be neutral if it has a
pH of around 7, or a pH of 6 - 8 which is the range of water quality standards (Putra et al, 2019). Groundwater
with a pH of 5 - 7 is said to be weakly acidic to neutral, which characterizes that dissolved carbonates are
predominantly in the form of HCO3; (Adams et al, 2001, in Ako et al, 2012). Meanwhile, sea flow intrusion
often results in the pH of groundwater becoming more alkaline. Salt formed from Ca or Mg can react with
carbonic acid to form a strong buffer, forming brackish water (Pryambodo et al, 2016) with a relatively alkaline
pH.
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Figure 3. Shallow groundwater table map of research area.
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Figure 4. Groundwater table map of confined aquifer
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The groundwater in the free aquifer in the study area has a pH of 6.1 - 8.4, while the confined aquifer has a pH
of 4.01 - 9.95. This means that the degree of acidity of the groundwater in the study area varies widely, from
acidic to alkaline (Table 4; Figures 5 - 6). Groundwater with acidic and alkaline levels shows poor quality, and
usually occurs as a result of pollution.

Table I. The pH of groundwater in research area.

Subdistrict Shallow Groundwater Deep Groundwater
min max avg min max avg
Panyipatan 6,8 18 7,4 5,36 6,8 6
Jorong 6,1 28,3 7,6 4,01 58,29 6
Batu Ampar 6,4 38,4 7,5 7,05 69,95 | 9
Kintap 6,9 48,16 7,49 5,84 7,89 7
1SG 129 (Kandangan Lama) °SB-05 (Asam Jaya)
2SG 110 (Sabuhur) ®SB 23 (Durian Bungkuk)

3SG 106 (Damit)
4SG-150 (Sungai Cuka)
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Figure 5. The distribution of pH in free groundwater.

Electrical Conductivity Value

Electrical Conductivity (EC) is a measure of the ability of a substance to conduct electric current (Freeze &
Cherry, 1979). The salinity is basically the same as total dissolved solids (TDS) of groundwater (Drever, 1988,
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in Listyani, 2016). Therefore, the EC and TDS values usually show a similar pattern (Putra et al, 2019). TDS is
the amount of all dissolved minerals that are left when all the water is evaporated, or the amount of salt
contained in the water (Davis & De Wiest, 1967, in Setiawan et al, 2017).

114°40'0"E 250000 275000 300000 115°20'0"E
[ 7% T 7
Bumi Makmur «‘ﬂ / o \ P

o Pl I 7 Bati Bati\ \ Kabupaten o
=] X 4 s b=1
S A AR e P Banjar . \\ Kabupaten 1S I
2 /) T/ N \  Tanah 2
=3 ) Y -} T \ } &

Tafnt;ang Bumbu

Tulang 7

/
3 //”Batu Ampar
—J./ Kabupaten

Tanahlaut

9570000
9570000

700°S
4°0'0"S

9540000
9540000

Artesian well
Contour of pH

114°400"E 250000 275000 300000 115°20'0"E

Figure 6. The distribution of pH in confined groundwater.

The EC values of groundwater measured in the field are shown in Table 2. The EC of groundwater values can
be used to determine the type and quality of the water, referring to the classification of several previous authors
(Table 3).

WHO (2004, in Hadian et al, 2015) provides a limit of EC water of <1500 umhos/cm as type | water (low salt),
and EC of 1500 - 3000 umhos/cm as type Il (medium salt). This means, according to the classification, brackish
water has an EC > 1500 umhos/cm. The TDS limit of 1500 pS/cm can also be used to see the effect of sea water
intrusion (Setiawan, 2014)

The results of measurements of EC of groundwater in free aquifers showed a range of values of 20.3 - 964
uS/em (Figure 7), while the confined aquifer was found to be 28-2,670 uS/cm. Brackish groundwater was found
in drilled wells of SB 05 (2,670 uS/cm) in Asam Jaya Village, Jorong Subdistrict and SB 26 (1,820 uS/cm) in
Mekar Sari Village, Kintap Subdistrict (Figure 8).

The EC value has a very strong correlation to the total dissolved solid (TDS) value. High TDS can result from
mixing or saltwater intrusion. High total dissolved solids levels in saline springs are significantly related to salt-
bearing strata. Saline springs may originate from the evaporites (Bo et al, 2015). Meanwhile, in coastal areas,
high TDS can indicate sea water intrusion.
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Table 2. The EC value of groundwater in research area (uS/cm).

Shallow Groundwater Deep Groundwater
Subdistrict
min max avg min max avg
Panyipatan 26,7 555 132,04 46 225 164
Jorong 23,1 492 144,51 28 2670%* 494
Batu Ampar 52,4 368 120,62 106 196 151
Kintap 20,3 964 175,77 37 1820** 535
*SB 05 Asam Jaya Village
**SB 26 Mekar Sari Village
Table 3. The water classification based on TDS and EC.
TDS mg/L EC (uS/cm)
equivalence*
Water type
Freeze & Cherry, USGS (Hem, 1970 in Carroll (1962, in Todd. 1980
1979 Setiawan, 2014) Todd, 1980) !
Fresh water < 1,000 < 1,000 0-1,000 0-1,560
Brackish water 1,000 - 3,000 1,000 - 10,000 1,560 - 15,600
1,000 — 10,000 i i
(slightly saline)
3,000 - 10,000

(moderately saline)

Saline water 10,000 - 100,000 10,000 - 100,000 15,600 - 156,000
10,000 - 35,000
(very saline)
Brine > 100,000 > 35,000 > 100,000 > 156,000
* TDS of 1 mg/L ~ EC of 1,56 pS/cm
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Figure 7. 1so-EC map of free groundwater in research area.
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Hydrochemical Facies of Groundwater

The chemical type or groundwater facies characterizes the processes that occur in groundwater flow below the
surface. Analysis of the groundwater ion content can show the processes that occur in the groundwater flowpath.
The results of hydrochemical analysis of ionic composition, organic matter and mineralization show low ionic
content in lake water and possible hydrochemical enrichment associated with seawater (Onishchuk et al, 2020).
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Figure 8. I1so-EC map of confined groundwater in research area.

The USGS classification (Hem, 1970 in Setiawan et al, 2017) states that fresh water usually has a Ca-HCO3
facies, whereas the Na-HCO; facies indicate fresh to slightly salty water, and the Na-Cl facies indicate salty -
very salty water. Groundwater which is classified as Na-HCOs; is mostly found in free and confined
groundwater, but based on its TDS value, the groundwater is still fresh. The facies that are close to Na-Cl are
found in SB 05, although there is also still a predominance of bicarbonate ions.

The results chemical laboratory tests of free groundwater in the study area have many variations of chemical
types, with different predominance of main ions (Table 4). Sodium is the dominant cation in some shallow
groundwater samples, while the dominant anion is bicarbonate (HCO3").

The Potential of Seawater Intrusion

The hydrochemical processes can be interpreted from the chemical facies of the groundwater. The type of
process that often occurs in coastal areas is mixing. The content of major ions in mine water is enriched by
mixing processes with saline waters from deep rock layers. Meanwhile, the hydrochemical effects of diluting
rainwater can occur in springs and small rivers (Bozau et al, 2017). The mixing process can also take place in
the mine and geothermal area. In mine area, both surface water and groundwater vary in its geochemical. Before
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and after the remediation, surface water and groundwater have an acid-to-alkaline pH, which decreased with the
remediation, whereas Eh increased (Neiva et al, 2015). The mixing process affects the chemical type of cold
water. Cold water was Na-K-HCOj; type, indicating the influence of deep groundwater by iron exchange,
while non mixing cold water was type Ca-HCO:s. In general, the hydrochemistry of cold water close to hot water
changes significantly due to the direct mixing of hot and cold water (Jayawardana et al, 2016). Meanwhile, ion
exchange processes often occur in coastal aquifers.

Table 4. Chemical facies of groundwater in research area.

Shallow Groundwater Deep Groundwater
Subdistrict ii?gle Chemical Type Zi:gle Chemical Type
SG-108 Na, K—Cl, HCOs SB-19 Ca, Na - HCOs
Panyipatan SG-122 Na,Ca —Cl, HCO3 SB-22 Na, Ca—Cl, HCO;
SG-131 Ca - HCOs SB-23 Na, Ca, Mg - HCO3
SG-09 Na,Ca-Cl SB-01 Na, Ca—Cl, HCO;
SG-11 Na, Ca, Mg —Cl, HCO3 SB-02 Na, Ca - HCO3
SG-14 Mg, Na—Cl, HCO3 SB-05 Na - Cl, HCO3
SG-21 Ca—Cl, HCOs SB-06 Na, K, Mg - HCO3
SG-44 Ca, Mg - HCO3 SB-07 K, Na - HCOs
SG-62 Ca, Mg - HCO3 SB-11 Na, K- HCO;3, Cl
SG-65 Na, Ca—Cl, HCO; SB-12 Ca, Na, Mg - Cl
SG-68 Na, Ca, Mg —Cl, Ca, Mg - HCO;3, SO4 SB-14 Na, K—Cl, HCO;
Jorong SG-77 Na, Ca-Cl SB-15 Na, Ca-Cl
SG-87 Na, Ca—Cl, SO4 SB-16 Ca, Na, Mg - HCO3
SG-92 Na, Ca—Cl, HCO; SB-17 Na, Ca - HCO;, CI
SG-93 Na, Ca—Cl, HCO; SB-18 Na - HCO3
SG-95 Na, Ca, Mg —Cl, HCO3 SB-20 Na, Ca—Cl, HCO;
SG-102 Na, Cl - HCO3 SB-27 Na - HCO3
SG-110 Na, Ca—Cl, HCO; SB-28 Na - HCO3
SB-29 Na - HCO3
SB-30 Na, Ca—Cl, HCO;
Batu Ampar SG-63 Na, Ca—Cl, HCO; SB-03 Ca, Cl - HCO;
SG-84 Na, Ca, Mg —Cl, HCO3 SB-04 Na, Ca- HCOs
SG-08 Na, Cl - HCO3 SB-08 Na - HCO3;
SG-25 Ca, Mg - HCO3, SO, SB-09 Na, Ca- HCO3
SG-27 Na, Ca - HCO;, Cl SB-10 Na - HCO3;
SG-31 Na, Ca—Cl, HCO; SB-13 Na, Ca—Cl, HCO;
Kintap SG-36 Na, Ca-Cl SB-21 Na - HCO3;
SG-111 Na, Ca - HCO; SB-24 Na - HCO;
SG-139 Na, Ca—Cl, HCO; SB-25 Na, K, Mg - HCO3
SG-146 Na, Ca - Cl, HCO; SB-26 Na, Ca- HCO3
SG-151 Na, Ca—Cl, HCO3, SO4
SG 153 Na - HCO;, Cl
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Tanah Laut Regency is an area located on the seashore bordering the Java Sea, therefore the potential for
seawater intrusion is easily occur. The phenomenon of seawater intrusion is characterized by the presence of
brackish water. Although the presence of brackish water is not common, seawater intrusion must be monitored
and anticipated because this process results in groundwater contamination.

The presence of seawater intrusion will increase the salinity of fresh groundwater on land. This salinity can be
measured from the variable TDS or EC of groundwater. The presence of brackish groundwater can indicate
seawater intrusion. However, high salinity of groundwater may also be formed prior to human or fossil water
(Iwaco et al, 1994 in Listyani, 2016). Therefore, the study of the potential for seawater intrusion needs to be
studied from various aspects. The potential for seawater intrusion may also be seen from the main ion content in
groundwater, for example by looking at the Na-Cl ion ratio (Bear et al, 1999, in Putra et al, 2020).

The potential for seawater intrusion in groundwater aquifers in the study area is indicated by the presence of
brackish water in the confined aquifer as shown in Table 5.The results of the field survey showed that there was
brackish water in two bore wells, namely in Asam Jaya Village, Jorong Subistrict (SB 05) and Mekarsari,
Kintap Subdistrict (SB 26). Brackish groundwater is only found in confined aquifers, while groundwater in free
aquifers in all locations is still fresh.

One indication of seawater intrusion is the pH of alkaline groundwater, as shown in groundwater of SB 05 (pH
8.29) and SB 26 (pH 7.8). The pH value of seawater is generally alkaline (7.6 - 8.3) (Brotowidjoyo et al, 1995,
in Pryambodo), therefore, groundwater that experiences seawater intrusion tends to be more alkaline than
freshwater.

The potential for intrusion is also indicated by the presence of brackish water, which is indicated by a fairly high
TDS value. The TDS value of groundwater in SB 05 is known to be 2,670 uS/cm, while in SB 26 it is 1,820
pS/cm. Thus, based on the TDS value, the two wells showed brackish groundwater in the confined aquifer. This
is also supported by the groundwater facies in SB 05 where chloride ion is the dominant anion. The groundwater
facies at SB 26 are still dominated by bicarbonate ions, so the indication of sea water intrusion is less strong.
However, because the Tanah Laut area is a rapidly developing area, the potential for seawater intrusion must
still be noticed. Moreover, the Asam Jaya region is an industrial area which of course needs a lot of
groundwater, so the potential for seawater intrusion in this area is quite large and needs to be anticipated.

Table 5. The presence of brackish water is an indication of potential seawater intrusion in the study area.

Location Well number | pH TDS (uS/cm) | Chemical Type | Landuse

Asam Jaya, SB 05 8.29 | 2,670 Na - Cl, HCOs3 Industrial

Jorong

Mekar Sari, SB 26 7.8 1,820 Na, Ca - HCOs Fishery cultivation area
Kintap

Conclusion

Tanah Laut Regency has the potential for groundwater that develops in both free and confined aquifers. In all of
these aquifers, groundwater generally flows towards the coast. This groundwater has a wide variety of
hydrochemical properties. This variation is shown from several aspects, including pH, EC and groundwater
facies.

The groundwater in the free aquifer shows a pH of 6.1 - 8.4, while the confined aquifer shows a pH value of
4.01 - 9.95 which means that the groundwater in all aquifers is acidic to alkaline. Meanwhile, the TDS of
groundwater in the free aquifer is known to be 20.3 - 964 puS/cm and in the confined aquifer is 28-2,670 puS/cm.
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From the TDS value, it is known that there is brackish groundwater in confined aquifers, namely in the Asam
Jaya and Mekar Sari areas. Groundwater facies in the study area developed with various variations, with the
dominance of Na and bicarbonate ions. The presence of brackish groundwater in Asam Jaya with Na - Cl and
HCO:s facies indicates that the research area has the potential for seawater intrusion, especially because the area
is developing as an industrial area.

The numerous data of groundwater hydrochemistry will be better to collect in periodical time to anticipate sea
water intrusion in the research area. In addition, population growth and land use development also need to be
controlled to prevent sea water intrusion.
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