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Background and Objective: The purpose of this research is to identify and
prioritize the key equipment indicators for rescue and damage control in order to
enhance the safety of Ghadir-class submarines of the Islamic Republic of Iran
Navy.

Methodology: This applied research adopted a descriptive-analytical mixed-
methods (qualitative-quantitative) exploratory design. In the qualitative phase,
data were collected through semi-structured interviews with 9 experts in the
subsurface domain (using purposeful and snowball sampling until theoretical
saturation) and analysis of technical documents, followed by inductive content
analysis. In the quantitative phase, a researcher-made questionnaire (25 Likert-
type items) was distributed among 85 operational personnel of Ghadir-class
submarines. Content validity was confirmed by experts, and reliability was
calculated using Cronbach's alpha (0. 82). Data were analyzed using SPSS
software with descriptive statistics, Friedman test, and one-sample chi-square test.
Findings: Qualitative findings identified six main equipment categories
(emergency escape and rescue, warning and detection, positioning and emergency
communication, port support and rescue vessels, internal engineering
improvement, and fire suppression). Quantitative findings showed an overall
mean of 4. 51 (out of 5) and "very high" importance percentages above 68%. The
Friedman test indicated no significant difference among indicators (p > 0. 05),
suggesting relatively equal importance of all indices. The chi-square test
confirmed the research hypothesis.

Conclusion: Integration of findings emphasizes that enhancing the safety of
Ghadir-class submarines requires comprehensive development of internal
equipment (safe batteries, water ingress sensors, advanced fire suppression) and
external equipment (port facilities and rescue vessels). It is recommended to
prioritize the procurement of port equipment and lithium-ion safe batteries.
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Enhancing Safety of Ghadir-class Submarines through Development
and Optimization of Rescue and Damage-Control Equipment
Extended Abstract

Background and Objective:

Submarine operations in shallow and high-salinity waters, such as the Persian Gulf, present
unique challenges due to compact design, limited space, high equipment density, and
environmental risks including water ingress, fire, and toxic gas leaks (hydrogen and carbon
dioxide). These hazards can rapidly escalate in confined spaces, leading to loss of life, material
damage, and reduced operational readiness and naval deterrence. Ghadir-class submarines, as
indigenous midget submarines of the Islamic Republic of Iran Navy, face additional constraints
due to their compact structure and mission profile in high-traffic, low-depth areas with regional
and extra-regional threats. While international standards (e. g. , SUBSAFE, SOLAS) and
incidents such as Thresher (1963) and Kursk (2000) have driven global advancements in rescue
and damage control equipment, domestic studies have primarily addressed general maritime
safety or specific classes like Fateh, with limited comprehensive research on Ghadir-class
equipment tailored to local conditions (high salinity, temperature fluctuations, and corrosion).
This research addresses this gap by focusing on the development and optimization of rescue and
damage-control equipment. The main objective is to identify and prioritize deficiencies in rescue
equipment, warning systems, and damage control mechanisms in Ghadir-class submarines, and
to propose technical and organizational solutions to enhance crew survival and operational
sustainability. The research question is: "How can safety and survivability of Ghadir-class
submarines in assigned missions be improved through the development and optimization of
rescue and damage-control equipment?” The hypothesis states that such development and
optimization has a positive and significant impact on reducing incident risks and increasing
operational readiness.

Methodology:

This applied research employed a descriptive-analytical mixed-methods (qualitative-quantitative)
exploratory design with a sequential exploratory approach (qualitative phase followed by
quantitative). In the qualitative phase, data were collected through semi-structured interviews
with 9 experts (submarine commanders and experienced crew selected via purposeful and
snowball sampling until theoretical saturation) and review of primary documents (ND AJA
safety regulations, damage control instructions, and technical reports). Data were analyzed using
inductive content analysis (open, axial, and selective coding), resulting in the extraction of 64
initial statements and subsequent main themes. Based on qualitative findings, a researcher-made
questionnaire (25 five-point Likert-type items) was designed. Content validity was confirmed by
9 academic and operational experts using Lawshe's CVR/CVI, and reliability was established
with Cronbach's alpha of 0. 82. The statistical population consisted of operational personnel
associated with Ghadir-class submarines. In the quantitative phase, the questionnaire was



distributed to 85 participants selected via available sampling. Data analysis was performed using
SPSS version 26, including descriptive statistics (mean, standard deviation, frequency
percentages), Friedman test for ranking equipment indicators, and one-sample chi-square test for
hypothesis testing.

Findings:

Qualitative analysis identified six main equipment categories: emergency escape and rescue (e.
g. , breathing apparatus, escape suits), warning and detection (e. g. , fire detectors, CO: sensors,
water ingress alarms), positioning and emergency communication (e. g. , underwater locators,
GMDSS), port support and rescue vessels (e. g. , support vessels, rapid-response docks), internal
engineering improvement (e. g. , safe lithium-ion batteries, diesel cooling), and fire suppression
(e. g. , CO: systems, Novec 1230, manual extinguishers). Experts emphasized the need for a
holistic approach combining internal and external equipment. Quantitative results showed high
agreement, with an overall mean of 4. 51 (out of 5) and "very high" importance percentages
exceeding 68% across all items. The highest means were for port facilities (dock and fireboats; 4.
58), safe lithium-ion batteries (4. 56), and ballast tank level sensors (4. 56). The Friedman test
revealed no significant difference among indicator ranks (y2 = 11. 35, df =6, p =0. 079 > 0. 05),
indicating relatively equal importance of all equipment categories and the need for
comprehensive development. The one-sample chi-square test strongly confirmed the research
hypothesis (x> = 135. 14, df = 4, p < 0. 001, agreement coefficient = 0. 78, indicating strong
CONSensus).

Conclusion:

Integration of qualitative and quantitative findings confirms that enhancing Ghadir-class
submarine safety requires simultaneous advancement of internal equipment (safe batteries to
reduce explosion risk, multi-layer corrosion-resistant sensors for early warning, and advanced
low-volume fire suppression systems such as Novec 1230 and aerosol) and external support (port
infrastructure including rapid-response docks and fireboats, dedicated rescue vessels, and
underwater positioning systems). The lack of significant ranking differences underscores the
interdependent nature of these components in a confined operational environment. These results
align with the unique challenges of Ghadir-class operations in the Persian Gulf and highlight the
necessity of indigenous adaptation of international technologies while strengthening external
rescue capabilities. Practical recommendations include prioritizing procurement of port support
equipment and safe lithium-ion batteries in fleet modernization plans, localizing advanced fire
suppression and sensor technologies, and enhancing international cooperation for access to
modern rescue systems. Future research could examine cost-technical feasibility of localizing
fire suppression equipment or conduct comparative studies of Ghadir-class equipment safety
with similar foreign classes (e. g. , Kilo or Type 209).

Keywords: Ghadir-class submarine, Submarine safety, Rescue equipment, Damage control, Fire suppression.
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